NASA
SP-4204

Moonport

A History of Apollo Launch Facilities and Operations

National Aeronautics and Space Administration



Moonport
A History of Apollo Launch Facilities
and Operations






NASA SP-4204

Moonport
A History of Apollo Launch Facilities
and Operations

Charles D. Benson
William Barnaby Faherty

The NASA History Series

Scientific and Technical Information Office 1978
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Washington, D.C.




Library of Congress Cataloging in Publication Data

Benson, Charles D.
Moonport.

(The NASA history series) (NASA SP ; 4204)

Bibliography: p.

Includes index.

1. John F. Kennedy Space Center—History.
I. Faherty, William Barnaby, 1914- joint author. II. Title. III. Series: United
States. National Aeronautics and Space Administration. The NASA History series.
IV. Series: United States. National Aeronautics and Space Administration.
NASA SP ; 4204.
TL4027.F521635 629.47 '8 '0975927 77-29118

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402 (paper cover)

Stock No. 033-000-00740—0/Catalog No. NAS 1.21:4204



CONTENTS

S TS L e e W WUl "Il N e . S b L
| b e T T D O o e T e T e T T e O e
L e BT S S DS s ettt et L i el W e o
s S BTl s T ) 1) o) (=, 005 - (MRS S ORI v OO ) S G
3. Launchifigithie First:-Satirn IBOOSIer iicu s i o b wiiinn i sl siiaiararateisie
45 Origins ofthe MabileMOOTBORE oo v o s s ans
S A T T TR L I AT C I S ILE o e b ol e, st e o o S R S i s
650G 3 PIANS Take SHADE S c ol s ieals b s o S s e e gese e
7. The Launch Directorate Becomes an Operating Center..............
o IR e S (e L f e B e e e S
D ADDL O R CE A0 e s o ol s s S e
10, Samrn L L aunChes CIB02 1965 .. « o - enca e ms tesane e s araage s miarsse
11. Ground Plans for Quter-Space Ventures . ..........cvevrivnenncess
L o TR Yo S PT18 O S T IITCS s ot e tas v e oo oo o BT i
13. NewDevices for New Deeds . .....vuiunvvnnramomnnsessnnasosas e
14. Socio-Economic Problems on the Space Coast . . ...................
15. Putting It All Together: LC-39 Site Activation ....................
16. Automating LaunchOperations. .............cooviiiniieneennn.
K70 Launehmng the SaturniEB o i i e ot et araeiars
18. The Fire That Seared the Spaceport . ... ...c..ccvnmosseenssoessss
1920 FARBIO e BraliRurl s i fin e st e ss 3 e e s e e
2O M AN OR A POI O 0 e s e e e e e s ot s el e e e
) S eSS WIS, WL S sl e B v v s et ety e s
220A Slower Baces A pollo-] 2= 14 s 5o o e e e i e e e
23. Extended Lunar Exploration: Apollo15-17 ..............ivvnnn.
P OB N ) R O e N R U S
Appendixes
AL Eauniches of Satiirn IB and SaturniV o oami W sas's slileas sl s el
B. T T R Ao o Ao i s e e At R e e

Page
Xiii



vi MOONPORT

Page
C: ApolIo 9 (AS-504) COURLAOWIL 12 ¢ on s vin visisie oermimisie s inieiesaian nio ate ints 538
D,  Apollo’11i(AS-506)LC-39 PrOCeSSING ., o ula e iiaaisis alaiiiols alanmeslossiaie 544
E. Apollo 14 (AS-509) Countdown . ........uuriieenininennnnenn.. 548
SOUTCEINOIES o5 Gin s ih s it s e e, S A b v ey a5 oW e (o e e e 553
BB OBT AN ot iatiam s o el o e e el T e e e e T et S e 599
7515 (o O S0 TSNS S N O OO I 01 oy oy b e A 619
Illustrations

Figure
Frontispiece. Apollo 17 during the countdown demonstration, 21 November 1972.
1. Map of Cape Canaveral and vicinity,ca. 1958 .............ccvuvu.. 5
2. View south from lighthouse on Cape Canaveral, ca. 1950............ 6
S P (@217 (8 o) B e e e e e L b s WG e e ol et 9
4. Master plan for launchcomplex34 .......................c.uoo... 22
5. Flame deflector, support arms, and hold-down arms at LC-34 ....... 24
6. LC-34padunder construction, 1900 v s s iomis oo i s s 25
7. LE-34SerVICB SEUCEITE . o - v v cxio mscimnimimieiss e ot mlo oo aL/wiasespam A i s 28
8 EC-34DIockhOUSe sy vniivitis sl s sa e st scsiig s 31
9. High-pressure gastacility, TuG-34 .. . oo e e e 33
10. LOX facility, service structure, andpad, LC-34.................... 33
B B, oy B i e O ey TS Y Aot 06y T oA 33
12. Flame deflector in position beneaththepad ....................... 35
13 iTopoltiepedesials OB v o van v s e s e e e 35
14 “E€-34 soon after Aedication: . iieisns st atvisre mistets mtaimmssta s e s 38
ISV ATEEERALY B B ol n b S e S e o e N 39
16: Jupiter, Juno, and Saturnmodels .. s inonis v s i oo 42
17: ‘Eongcablemast IorTuE-3d . o ot s e i et et e o 48
18. The Compromisecarrying SA-1 . ... ...t iiniannnnnn 51
19: Transporting SA-1 1o/ the DAt & o i e s s el < e s s ss 52
200 SEifting thefirst stage fromthe transporter oo e st s sl sty 54
2 L s 1 F S 6077 o S L e i S e e 54
22. Setting the first stage on supportarms, LC-34 ..................... 54
23. Erecting the upper stagesofaSaturnI............................ 55
24 EIftotE o SAMTITNL 1 v vt fae s s o e e R e e 63
25. Map of launch complexes at Cape Canaveral, 1963 ................. 66
26. Possible offshore launch facility, 1961 ...............ccovvnienn.. 70



CONTENTS

Figure

27
28.
29.
30.
31.
32.
33.
34.
35:
36.
87
38.
39
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
.
52.
53.
54.
55.
56.
57.
58.
59,
60.
61.
62.
63.

Possible mobile launch concept, 1961 ...........cc.oiiiiiiaiiinL.
Eand aceniisitionBO62=T964 ... . .. cew: dalsie s mitieinmmessemnnin e ssete
AR SatuTIL S e CON T ORI et tals bt sy i sty e a p e e
Sketch of proposed C-4, beingmoved by barge ....................
Sketch of proposed Nova, beingmoved byrail.....................
Steam-shovel crawler used in surface coal mining ..................
Open version of proposed assembly building ......................
Closed version of proposed assembly building .....................
Brieting PresidentKennedy iE963: i dinims o viaalsms s s slssiisniess
Seamans, von Braun, Kennedy, 1963 ............ccoiiiiiiniininnn,
Apello-Saturm V. dOCUmMENE ITEE . . . ..cinviissios tisie viviniensis omainesiaiesios
L T i B B e e o s e e AT o
Government-industry team behind Apollo ........................
SA-dreadyviorlaunch;, Marchi 1903 .. ... ... e iviiao i s ssneieismaivins
Proposediiaunehcomplex 37 e s uirins vy s mee sisess s
LG8 7 Hnd el CONSETUCTION = -l e 50nts, ey s oo i oo ettty i i
L e MR SEEMCEUTE s o o i o e e Sl o et m oot e b
LE-37 service Sructure Il ODEN POSHIONL .- et e i oriesisbalei e s o
IncusHaal area 0N thEe CADEE ol o oo e et seda e o s aret oo s
MALnE SPACECTALEINOMUIES ... e s st iste corieinionsio Shsions.sle n s inisisinssnrsininisaiy
e P e R GUDD Y o o e oy il s e s T e eerare aletars
LranSPOTTNE SAS FITST SEATE + wv it s o s aieinsos siaslais e irs abossrsiaisroiarara
BLEOHAR S i o v o s e e S e e e R CEi e e e
Service structure moving back fromSA-5 . . ....... i,
it e i NN e BT SN
Eannch:of SA-5, MOMENISIAter oo vos s ssan i e sk e e
Pad damage cCaused BV IAUIITI . ..c.c . oo o ssnmieimeisinsets s sasaal e drams e
Petrone briefing President Johnson, 1964 . . .......................
Countdown demonstration test 0f SA-8 .............coviiiinnnnn.
Cataway vieworassemblybuilding . v wavones e sa e
Sketch of assembly building, 1963 ...............cciiiiniiinnn..
Sketch of launch control center, 1963 . ......cv.eviieerenreeovsnsn
Modelof 1aunch control Center it ot oo v e s kia svare st a okermnts
TR e T, O] o8 (e A~ O s
SkerchioBEC39 pad o i e e e S e s e e e
i fa7s {1 o 2] L@k L oo o (7. \ RN ORI o i O S S A S
EEA% milestone:ehart 1964 5. | o b o b il i a2 st A sy e el

vii

Page
84
99
99

114
114
119
124
124
147
147
151
160
174
195
197
198

201



viii

Figure

65.
66.
67.
68.
69.
70.
715
72.
73.
74.
75,
76.
77.
78.
79,
80.
81.
82.
83.
84.
8s.
86.
87.
88.
89.

9l.
92.
93.
94,
95.
96.
97
98.
99,

MOONPORT

Page
Map of LC-39 and Merritt Island industrial area, 1963 .............. 240
Hypergolic building in the fluid test complex ...................... 243
Dredging hydraulic fill from BananaRiver ........................ 248
Batge canaland tariing DASIR LY - s o e mio i i e o e et e ootk 248
Wharf at turning basin under construction ........................ 249
Hydraulic fill piled on siteof LC-39pad A .............coiivnnnnn. 249
Driving piles for assembly building, August 1963 . .................. 255
Driving piles for assembly building, September 1963 . ............... 255
Eourmetloorofassembly building . it i e e 256
Assembly building under construction, May 1964 .................. 258
Assembly building under construction, September 1964 ............. 258
Assembly building under construction, October 1964 . .............. 259
Assembly building under construction, January 1965 ............... 259
Launch control center under construction, 1964 ................... 261
BiEHg To0m L UNAEr CONMSITUCIION izt oo e e e i e e e e L 262
Firing room 1 ready for equipping .. .........couriiunernruneunens 262
Extensible work platform for assembly building ................... 264
TOPPINEOULICEFEMONY: e iovsisismorstam it i aeed s lonts s s e e e s 265
Interior of operations and checkout building ...................... 267
Sketch of Satarn V'on crawler-tranSporter . ... sinie o siiin e i o 271
ST (T 1R 8 (el w e 0 (o 1 115] 8101 £ o B Pt o 273
Crawler-transporters under construction ......................... 275
Firstitest of crawler=ranSporter v inan v man s e e A s e 276
Crawler-transporter ready fOr Service ..............veuuveenneenss 276
Building crawlerway through marshy terrain ...................... 278
Crawlerway nnder constrieton .. oiimiv i s vhm ey s s e e 278
Crawlerway nearmg COMPIEEION . « s iviv s iviais e isisisistiorerersim sin salnee e e 279
Mobile launchers under construction. .. ............c.cuuriruenn... 280
Platform and base of tower of mobile launcher .................... 280
Mobile launcher on crawler-transporter ..................c0cvn.n. 281
Onec oL theNINe SWINZALTNS w1 . e e e o o e i es 282
Schematic of hold=AOWII ATIN = el o iainiei eaeite s ale s bocer o alsch e s 287
Hold-down arm ready forinstallation .. ................cc0vuuun.n. 287
LA SEEVICE THASE . o e e A e s N s e e o s o e T L e s 288
Start of construction OEEC-39 PAAIA. . . v s o niinhin e s e oo 290
Cellular constructionof hardstand . . . .......... ... ... .. ... ..... 290
PadiAnnder construetion . o i s m e s s e s e sl s s e 291



CONTENTS ix

Figure Page
101 Pad Avirtally COMDIETE & o« s irie e v sinors sl is s koo sl binainemtoistts 291
102 Modeliof cervice SERUCTUTE s a5 s e e G ) s e s e 293
103. Crawler-transporter ready to pick up service structure .............. 294
104. Aerial mosaic of Cape Canaveral, 1967 . ..........coirinieninn.n.. 311
1050 Site activation SERedUIes) . - i o e s s o e s e e 321
106! "Crawler carrying a mobileIannchier'. & o vi s vt e ssre st 329
107. Sketch of crawler bearing, whichfailed . .......................... 329
108, Sketch of redesigned sleevebeating ... ... it eiinvnn vinnicne e 329
109. LC-39site activation masterschedule .......... ... ..., 331
110. Critical path summary for site activation ......................... 332
111, Servicearm'9 ready ForINStAlAtion ..o ciiriniv it siomtis on s 336
112. Service arm 9 being mounted on mobilelauncher. .................. 337
113. AS-500F emerging from the assembly building. . . .................. 340
Eldy *Same event; as: Seen frOMIENRIAIE /s viv i s vaistaisiovs ails siaist sl s mieissa o miars 341
115. AS-500F starting up theinclinetothepad......................... 341
116. Crawler carrying the-Service SIMICIIDE ©/o . o0 atio/oe dis s o silaiais bovieia arizess 342
117. Biagram of the BOX Spill, AUgUSETI66 .. oo mciis o v imass s st s 343
118. LC-39computer systerm SChematiC .. ....cveeveenncnsnoonenennenns 351
NS S Operationsin the TN LoD sl 57 sies dl e vt st ok e aoe fa v s o et s 354
120 Automaticicheckout of spacectaft .« o vu cemoms s v s e i 363
121. Automatic checkout equipment room .........vvivuiinineeennnn. 363
122 ScHemAC O SatUEN IB . e sl e e e b b e e e S e e 368
124 0 Secondistage OFSAtUTIIB [ vt st o il e e s e s s 370
124. Second stage for AS-201 being hoistedatpad34 ................... 370
125, Secondstage for AS-201 stacked at pad3d .o coiivvans e e 370
126 IService module ForiASRSRONY ... & oo dieihbasiieomsia v miscasssns s e mios 371
2 ey e e A e e i e e e o o s i O 381
1285 Matine’/AS-204 spacecraftmodules oo s nasme e saiciigins e 387
1297 Interior of AS-204 AFERtRE FINE - oo i oottt e e st e 393
130. Exterior of AS-204 afterthefire.......ccccccieiniienirinenancn.n 393
131. Schematiciof S-IC first'stage ofSaturn V..o v aosvssasma i 406
132. Schematic of thesecondstage, S-IT ......ccovvieminnnrnrnenenenns 406
133 *Schematic of-the thirdistage: S TVB o s s e st 407
134. Schematic of the instrument unitof Saturn V...................... 407
135. Flow chart forassemblingSaturn V........ ... ... . ..., 410
136 S-IGstapenassemblybnilding: oo i riini i s el 411
137. Stacking the space vehicle: the secondstage ....................... 414



X MOONPORT
Figure Page
138 |Stackingthe thirdSEaEe i i i s e e s e i 15 e s 415
180 ' Stacking the InSITUMERE TR . cis o aisaieinioin s ois e s iohe aleietroiatsr s s et 416
140. Adding ApolloontopoftheSaturn..................ciiivuenn... 417
1415 View front top OB ASS0 s o cvr mi e s i e e e Ak R Al 418
142. Test cells in low bays of assembly building ........................ 419
143. Milestones in checkoutof Saturn'V ..........coviiiiriniinnnnenn. 420
144. Crawler under mobile launcherandSaturn V...................... 422
145, ASSOEenroute tORNEIDAT. « i alcis Sietese (o naichiim) aoelis ralata oy e sats ‘el aetie ch St 423
146. AS-501 beingtestedonpad39A ........ivuiiiieirrrna e 424
147. Firing room inlaunch control center .... ... ..ceieins suveanis simms 425
148, 'Working withmockup o nar mioditles .. .o e i risiseimsiastoss i 436
149: Spacecralt SIMUlAtor i i veid e sin i b S s e e e s 445
150. Astronauts and spacecraft in altitudechamber..................... 446
[ L g aTa | Co Rl B YY1 71 i oy, o e o e S e e 448
152, Linasmodile onithe SUper GUPDY & i s ihm e s s s hs 453
153. Apollo officials in launch control center during countdown . ......... 472
154. Apollo 11 spacecraft in altitude chamber ......................... 473
155. Testing the landing gear of the lunarmodule ...................... 473
156. Mating command and service modules with spacecraft-lunar
moduleadapler- ool e S D ek e e 473
157  DepaitircoEADOIO L e s o R e G e e sl e s 475
158. Cutaway of Apollo 13 fuel cells and cryogenictanks ................ 493
159. Hydrogen tank shelf. .. ....uiiniiiiirrrineeeirnineeerennens 493
[60): Schematic ol iOXy e EaTIke v ok er e tesis el crasti s tatat v i sin e a ol s 493
161. Training aids for simulating workonthemoon .................... 498
1620 Practicing With SCICTICIIC BOAT . it rn e et e e s e e 498
163 Practicing Setting D the FIAR v vnisiciain ainioiainivietsia siiike cis s a s iatiats 498
164. The lunar surface ultravioletcamera ...........ccovieiieernnneenn. 506
165, Deployment of the TUNAT-TOVET ;i s s e at s atstl el tas s avsl o 512
166, Apollo 15 dstronants Faining Wit TOVeE s 5t b cia st msisiersivshia 512
167. Apollo 17 astronauts withtherover ......... ... ..., 513
168. Rep. Olin Teague and Mrs. Teagueintherover .................... 513
169. Diagram of crew equipment stowagein Apollo 15 .................. 521



Table

o sw o

CONTENTS

Tables

Comparison of rockets launched by MFL/LOD/LOC, 1953-1965 . ...
Lannch-complex: 34 COSLESHMALES . oioiais oieislo isleiaie s i s siors sl atesa
RF instrumentation test procedures, SA-1 ............c.cciviuiinnn.
Comparison of proposed launch complexes .......................
Dimensions and weights of proposed launch vehicles ...............
Slippages in LC-39 site activation, 20 January 1966.. ................

xi

Page
18
29
59
76
81



Page intentionally left blank



FoREWORD

By now the grandeur of the achievement of landing men on the moon
and returning them to earth has taken its place in our language as a yardstick
of human accomplishment—*‘If we could send men to the moon, why can’t
we do so-and-so?’’ The most imposing artifact of that achievement is the
Apollo launch facilities at Kennedy Space Center.

When the national objective of landing men on the moon was
dramatically announced in May 1961, it quickly became apparent within
NASA that the remainder of the decade was little enough time to design,
build, and equip the extensive and unprecedented facilities required to
launch such missions. Indeed, time was so pressing that for many months the
planning, designing, even initial construction of launch facilities had to go
forward without answers to some essential questions, such as: How big
would the launch vehicle(s) be? How many launches would there be, and
how often?

Intense effort by a rapidly growing team of people in government, in-
dustry, and the universities gradually filled in the grand design and answered
those questions. Land was acquired, ground was broken, pipe was laid, con-
crete was poured, buildings rose. When the launch vehicles and spacecraft
arrived, the facilities were ready and operations could begin. Seldom was the
pressure off or the path smooth, but the end of the decade saw the deadline
met, the task accomplished.

This history tells the story of the Apollo launch facilities and launch
operations from the beginning of design through the final launch. You will
meet many of the cast of thousands who took part in the great adventure.
You will read of the management techniques used to control so vast an
undertaking, of innovation in automation, of elaborate, repetitive, ex-
haustive testing on the ground to avoid failures in space. You will also learn
something of the impact of the Apollo program on the citrus groves and
quiet beaches of Florida’s east coast.

It is fitting that, as this manuscript was being prepared, these same
facilities were being modified to serve as the launch site for Apollo’s suc-
cessor, the Space Shuttle, for at least the remainder of this century.

August 1977 Lee R. Scherer
Director
Kennedy Space Center
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PRrEFACE

On 28 July 1960, the National Aeronautics and Space Administration
(NASA) announced a new manned spaceflight program. Called Apollo, its
aim was to put three astronauts into sustained earth orbit, or into a flight
around the moon. The timing of the announcement was not auspicious. The
next day, NASA'’s first Mercury-Atlas (MA-1) disintegrated and fell into the
ocean 58 seconds after takeoff from Cape Canaveral. This disaster ushered
in a bleak four months during which the test rocket Little Joe 5 joined the
MA-1 in the ocean, and the first Mercury-Redstone lifted a fraction of an
inch and settled back on its launch pad. The last failure, on 21 November,
marked the absolute nadir of morale for the engineers working on Mercury.
The people at the new NASA headquarters in Washington, coping with
financial and administrative problems and facing a change of administration
after the national election, were only a little less dispirited than the workers
in the field. But the fledgling space agency had an asset that made its an-
nouncement of an ambitious Apollo program more than an exercise in
wishful thinking—it had the support of the American people.

If there is an American psyche, it had been shaken 4 October 1957 by
the news that Russia had launched the first man-made earth satellite—
Sputnik 1. To those apprehensive of anything Soviet, the news was a red flag.
The military and the President played down Sputnik’s significance, but a
layman could not but wonder if Sputnik was one of those scientific
breakthroughs that could alter the balance of power. The average American
was perhaps most concerned because someone else was excelling in
technology—an area in which the U.S. was accustomed to leading.

There was an almost unanimous determination to get into the space
race and win it. Three Presidents, with firm support from Congress, chan-
neled the public will into an answer to the Russian challenge. Lyndon B.
Johnson, the Senate majority leader, pushed the Aeronautics and Space Act
through Congress in 1958. Under its authority, President Eisenhower set up
NASA and transferred the armed services’ non-military space activities to
the new civilian agency. The following year NASA received a vital asset—the
Army team of former German V-2 experts who were working up plans for
Saturn, a large rocket. Assigned the task of manned spaceflight, NASA’s im-
mediate goal was the successful orbiting of a man aboard a Mercury

Xv
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spacecraft. NASA’s Ten Year Plan of Space Exploration, revealed to Con-
gress in early 1960, called for nearly 260 varied launches during the next
decade, with a manned flight to the moon after 1970. The House Committee
on Science and Astronautics considered it a good program except that it did
not move ahead fast enough.

Meanwhile, the Russians were not idle. On 12 April 1961, they put
Major Yuri A. Gagarin into orbit around earth. The Soviet Union and the
United States were locked in a confrontation of prestige in Cuba, in
Berlin—and in space. Convinced it was necessary to show the world what
America could do, President Kennedy told Congress on 25 May 1961:

Now it is time to take longer strides—time for a great new
American enterprise—time for this nation to take a clearly
leading role in space achievement which in many ways may
hold the key to our future on earth . . . . I believe that this na-
tion should commit itself to achieving the goal, before this
decade is out, of landing a man on the moon and returning
him safely to earth. No single space project in this period will be
more exciting or more impressive to mankind or more impor-
tant for the long-range exploration of space and none will be
so difficult or expensive to accomplish . . .. In a very real
sense, it will not be one man going to the moon—it will be an
entire nation. For all of us must work together to put him there.

If President and people were agreed on the end, what about the
means? Kennedy’s proposal was not made lightly. Before coming to a deci-
sion, he had taken counsel with advisors who believed that the moon project
was feasible, largely because it could be accomplished without any new scien-
tific or engineering discoveries. It could be done ‘‘within the existing state-
of-the-art’’ by expanding and extending the technology that existed at that
time.

What was the ‘‘existing state-of-the-art’’ as of 25 May 1961? Since
December 1957, when the first Vanguard orbital launch attempt had col-
lapsed in flame before a television audience, the United States had tried to
put 25 other scientific satellites into earth orbit; 10 had been successful. Two
meteorological satellites had been placed into orbit, and both had operated
properly. Two passive communications satellites had been launched, but
only one had achieved orbit. Nine probes had been launched toward the
moon; none had hit their target, although three achieved a limited success by
returning scientific data during flight. After its 1960 failures, NASA had put
a Mercury with Alan B. Shepard aboard into suborbital flight on 5 May
1961.
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Just 18 months before the Kennedy recommendation, the Atlas
military missile, at that time America’s most powerful space booster, had
made its first flight of intercontinental range—some 10000 kilometers. Not
three years had gone by since the smaller intermediate range ballistic missiles,
Jupiter and Thor, had made their first full-range flights. Yet by May of 1961
none of these military rockets had reached a high degree of reliability as
space carriers.

When the President laid his proposed goal before the Congress, the
spacecraft that would carry man to the moon existed only as a theoretical
concept tentatively named Apollo.

The powerful rocket that would be necessary to launch the spacecraft
with sufficient velocity to escape earth’s gravity was only a few lines on an
engineer’s scratch pad. Conceivably, it would be one of a family named
Saturn: specially designed space carrier vehicles, each generation larger and
of greater power than the preceding one. The first Saturn would not make its
maiden flight for another six months.

The vast support, checkout, and launch facilities of the earthbound
base whence men would launch other men on their journey did not exist. The
moonport had yet to be located, designed, built, and activated—and this
book tells that story.

Other books now being prepared for NASA deal with the other
aspects of the program—the Saturn launch vehicles, the Apollo spacecraft,
astronaut training and the missions. Another volume, a history of NASA ad-
ministration, 1963-69, will include the headquarters story of Apollo.

The central feature of this book is launch complex 39 (LC-39), where
American astronauts were launched toward the moon. Its story begins in
early 1961 with the earliest plans for a mobile launch complex and proceeds
through design and construction to the launching of Apollo 11 and subse-
quent lunar missions. The construction story is a big one—the building of the
Apollo launch facilities was the largest project of its time. In many ways,
however, the operations at LC-39 were an even greater challenge. As an
Apollo program manager has noted, the Kennedy Space Center was at the
“‘tail end of the whip.”” There all the parts of the Apollo program came
together for the first time. The launch team ensured that the space vehicle
would work.

While LC-39 is the principal focal point, it is not the only one. Two
other Apollo-Saturn complexes on Cape Canaveral, LC-34 and LC-37,
launched the program’s early flights; at LC-34 the program’s great tragedy
occurred. The Apollo spacecraft were tested in the operations and checkout
building in the Merritt Island industrial area. Vital telemetry equipment was
located nearby in the central instrumentation facility. Moreover, the size and
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shape of the launch facilities were largely determined by the Saturn family of
launch vehicles, which were produced under the direction of Marshall Space
Flight Center at Huntsville, and by the Apollo spacecraft, under the Manned
Spacecraft Center at Houston. An understanding of launch facilities and
operations requires, to some degree, an appreciation of program-wide activi-
ties.

The history is complicated because planning, construction, and
launch operations were conducted concurrently during much of the pro-
gram. Three topics take up most of the first ten chapters: the construction of
launch complexes 34 and 37 and the subsequent Saturn I tests; the planning
of a moonport on Merritt Island and the purchase of that area; and the
buildup of the launch team. Chapters 11-15 relate the design, construction,
and activation of launch complex 39. Chapters 16-23 describe the Apollo
launch operations from early 1966 through the launch of Apollo 17 in
December 1972. Chapter 24 is a tentative summing-up.

The work comprehends three kinds of history: official, contem-
porary, and technological. The technology of the moonport crossed many
scientific and engineering disciplines from microelectronics to civil engineer-
ing; expertise was needed in telemetry, fluid mechanics, cryogenics, com-
puters—even lightning strikes. Although NASA engineers gave us a great
deal of help, it was our task to make the technical terms comprehensible.
Another problem stems from NASA’s requirement that its authors use the
new international system of units. One obvious way to comply, without losing
most of our readers, would have been to give all measurements in both inter-
national and old-fashioned units. Unfortunately, with that solution the prose
immediately bogs down. We have therefore proceeded as follows. First,
where physical units were not essential, we have eliminated them. Second,
the more familiar of the international units, such as meters and kilograms,
we have used alone. Third, only the more esoteric terms, such as newtons,
have we translated in the text.

The contemporary historian’s task is to walk into a virgin forest of
unsifted materials, with no clearings made by destruction of the unimportant
and no trails blazed by prior researchers. Yet the journey can be propitious:
we were able to interview hundreds of eyewitnesses who told it as they saw it.
They recalled personality conflicts that sometimes affected major decisions.
They narrated events never put down in writing and reached into personal
files for documents not available in the archives. The use of eyewitnesses
naturally required the resolution of some conflicting evidence, and their ad-
ditional material increased the problems of selection. The insights gained,
however, more than compensated for the trouble.
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The great weakness of contemporary history, a want of perspective, is
irremediable. Until the Russian story is on the record, our view of the space
race is limited. Future judgments of the Apollo program will reflect further
developments in space exploration. Thus, with respect to the launch
facilities, the wisdom of building the moonport in the way it was done
depends in part on the programs to be launched henceforth. The moonport
was funded, designed, and built on the assumption that the lunar landing
was only a beginning. With these considerations in mind, we defer to 21st-
century historians a definitive evaluation of the effort.

Under the contract with the University of Florida, NASA enjoyed the
rights to final review and publication of this book. We worked largely from
NASA documents and with NASA officials. This may have tempered some
of our conclusions, consciously or not, but we are satisfied that this is not a
court history. Criticisms directed at the Kennedy Space Center (KSC) team
and mistakes in the launch operations are treated in detail. Contrary to the
wishes of some participants, conflicts within the program are aired. A greater
fault may lie in our dependence on NASA documents. Although we tried to
balance the account with corporation documents and interviews, the history
inevitably focuses on NASA’s direction of Apollo launch operations. The
Apollo contractors and other support agencies, such as the Air Force, may
receive less than their due.

Understandably, our treatment of certain events will not satisfy
everyone. For example, too much controversy still surrounds the Apollo-
Saturn 204 fire. We have largely avoided two other controversial questions.
Was the KSC operation more or less efficient than other governmental proj-
ects of the 1960s? There was undoubtedly waste in the construction of the
Apollo launch facilities and in the launch operations, but we are not in a
position to judge the cost efficiency of the KSC team against similar projects,
such as a large defense contract. The second question—the worth of the
Apollo program—will be, as previously stated, left to future historians. In
our personal view it was a noble goal, nobly achieved.

A word is in order with regard to Kennedy Space Center speech
usages, especially acronyms. The scientists and engineers at KSC do not use a
peculiar tongue to mystify the layman—but as a matter of fact, that is one
result, When an LCC man says ‘‘the crawler is bringing the bird back from
pad 39 to the VAB,”” he is understood by anyone at the space port. Every
discipline has its technical language, which sometimes goes too far. We
believe we reached the nadir in space jargon when we uncovered the record
of a ““‘Saturn V Human Engineering Interstage Interaction Splinter Meeting
of the Vehicle Mechanical Design Integration Working Group.”’
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Apollo scientists and engineers were establishing a terminology for
new things; no one had defined them in the past because such things did not
exist. Module is an example. As late as 1967, the Random House Dictionary
of the English Language gave as the fifth definition of module under com-
puter technology: ‘A readily interchangeable unit containing electronic
components, especially one that may be readily plugged in or detached from
a computer system.’”” The space world was well ahead of the dictionary
because, as every American television viewer knew, a module—command,
service, or lunar—was a unit of the spacecraft that went to the moon. Infer-
face is another word that was recast at the space center. Defined in the dic-
tionary as ‘‘a surface that lies between two parts of matter or space and
forms their common boundary,’’ it grew to encompass any kind of interac-
tion at KSC. Perhaps this was subliminal recognition that Kennedy Space
Center was the Great Interface where the many parts and plans that went in-
to the moon launch had to be fitted together.

Like all government agencies since 1950, NASA made extensive use of
acronyms. In February 1971, the Documents Department of the Kennedy
Space Center Library compiled a selective list of acronyms and abbrevia-
tions. It contained more than 9500 entries. We have tried to avoid acronyms
as much as possible; when used, the acronym is coupled with its full and
formal terminology on its first use.

The astronauts were quick to acknowledge that Apollo was a team ef-
fort. Appropriately enough, the same can be said for this history of the
Apollo launch operations. We drew extensively upon the work of previous
researchers. Dr. James Covington and Mr. James J. Frangie prepared
material on the design and construction of the launch facilities. Dr. George
Bittle and Mr. John Marshall performed helpful research on launch opera-
tions. Mr. William A. Lockyer and Mr. Frank E. Jarrett of the KSC
historical office provided much reliable criticism. Dr. David Bushnell, the
University of Florida’s project director for the history, rendered administra-
tive and editorial assistance. Finally, thanks are due to scores of KSC person-
nel who provided recollections, documents, and patient explanations on the
workings of Apollo.
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Tue First STEPS

Genesis of the Saturn Program

America took its first step toward the moon in the spring of 1957,
four years before President Kennedy declared the lunar expedition a national
mission. While still preparing for the launch of its first Jupiter (31 May
1957), the Army rocket team at Huntsville, Alabama, began studies of a
booster ten times more powerful than the 667 200-newton (150 000-pound-
thrust) Jupiter. The tenfold increase in thrust could put a weather and com-
munications satellite into orbit around the earth, or propel a space probe out
of earth’s orbit.

The change of emphasis from intermediate range and intercontinental
ballistic missiles (Jupiter, Thor, Atlas) to a super-rocket capable of space ex-
ploration signified a change of attitudes at the Department of Defense. The
change was also grounded in interservice politics: the previous November,
Secretary of Defense Charles Wilson had assigned responsibility for all in-
termediate and long-range missiles to the Air Force. If the Army was to stay
in the big-rocket business, it would have to find new tasks for its Wernher
von Braun team of rocket experts at the Redstone Arsenal in Huntsville.*
Maj. Gen. John B. Medaris, commander of the Army Ballistic Missile Agency
(ABMA), set his sights on the new super-rocket, subsequently to be named
Saturn. !

Medaris’s effort to gain Defense Department support for the big
rocket was bolstered by the Soviet Union’s accomplishments in the fall of
1957. The contrast between the 500-kilogram Sputnik 2 and America’s

*In the collapse of the Third Reich in 1945, United States Army Ordnance seized 300 carloads of
V-2 components—the operational rocket used by Germany in the last winter of the war. In addition, 115
German rocket specialists, led by Wernher von Braun, senior civilian scientist at the V-2 rocket station at
Peenemiinde, signed contracts to work in the United States. First located in Fort Bliss, Texas, and White
Sands, New Mexico, the group was moved in 1950 to Redstone Arsenal, Huntsville, Alabama, headquar-
ters for the Army Ballistic Missile Agency.

'Originally termed the Juno V, the super-rocket was renamed Saturn in Huntsville work papers of
mid-1958, and the new name received official status in early 1959. From the beginning it had a dual con-
notation: (1) a clustered booster, and (2) a multistage rocket in which the clustered booster would serve as
the first stage.
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8-kilogram Explorer 1 was persuasive. In December von Braun’s group (offi-
cially known as the Development Operations Division of the ABMA) set out
arguments for the new booster program. The super-rocket would develop
6672000 newtons (1 500000 pounds of thrust) and serve as a steppingstone to
an even larger rocket capable of manned lunar missions. Its early develop-
ment and adaptation in a multistage vehicle could accomplish a number of
space objectives pointing toward a landing on the moon in 1967.

Although the ABMA proposal was reinforced by the public’s embar-
rassment over Sputnik, approval for the Huntsville project was delayed for
several months. Medaris’s program faced two obstacles: the Eisenhower ad-
ministration’s fiscal conservatism and the priority given to intercontinental
missiles. While Medaris pressed his campaign, the von Braun team was far
from idle. Between April 1957 and August 1958, ABMA logged 50000 man-
hours on the project. Finally, in July 1958, the Advanced Research Projects
Agency, established earlier that year to coordinate Defense Department
space activities, announced its intention to develop a super-rocket. The
following month ABMA was directed to start on the Saturn.?

In September 1958, General Medaris and Roy Johnson, the Director
of the Advanced Research Projects Agency, established a flight-test schedule
of four Saturn launches. The first was set for September 1960. The third,
eight months later, would employ an upper stage to place limited payloads in
orbit. The written agreement between the two men was still shadowed by the
Eisenhower administration’s reluctance to spend money on non-military
space ventures. Johnson promised to provide $72.3 million over a three-year
period. (The Saturn I program would eventually cost more than a billion
dollars.) The size of the commitment meant that, at least in the beginning,
Saturn would operate on a shoestring.*

The original Saturn design reflected a concern to save time and
money, and to employ components that could be moved by air transport. The
booster made extensive use of available Army hardware. It used eight engines
and a cylindrical center tank copied after the Jupiter, a single-stage rocket
with a range of 2700 kilometers. For its eight clustered tanks, the von Braun
team went back to their favorite Redstone rocket. The propellants would be
RP-1 (kerosene) and liquid oxygen.

Early plans included a stipulation that no component could exceed
11340 kilograms or a cross-sectional dimension of 3 meters, the maximum
limits of aircraft transport at the time. To meet these limitations, the booster
was initially designed with the center and eight outer tanks separate from the
frame and engine assembly. The fuel tanks were to be mated with the frame
on the launch pad. The idea was discarded in early 1959 for two reasons.
Huntsville engineers agreed that flying out a disassembled thrust unit and
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rebuilding it on the pad would reduce reliability; and transportation studies
indicated that air freight by 11 C-124s would cost more than construction of
a cradle to carry the Saturn down the Tennessee River by barge.’

A Saturn Launch Site

With better than 20 years’ experience, the von Braun team preached
and practiced that rocket and launch pad must be mated on the drawing
board, if they were to be compatible at the launching. The new rocket went
hand in hand with its launching facility. The short-lived plan to transport the
Saturn by air was prompted by ABMA'’s interest in launching a rocket into
equatorial orbit from a site near the Equator; Christmas Island in the Central
Pacific was a likely choice. Equatorial launch sites offered certain advan-
tages over facilities within the continental United States. A launching due
east from a site on the Equator could take advantage of the earth’s maximum
rotational velocity (460 meters per second) to achieve orbital speed. The
more frequent overhead passage of the orbiting vehicle above an equatorial
base would facilitate tracking and communications. Most important, an
equatorial launch site would avoid the costly dogleg technique, a prerequisite
for placing rockets into equatorial orbit from sites such as Cape Canaveral,
Florida (28° north latitude). The necessary correction in the space vehicle’s
trajectory could be very expensive—engineers estimated that doglegging a
Saturn vehicle into a low-altitude equatorial orbit from Cape Canaveral used
enough extra propellant to reduce the payload by as much as 80%. In higher
orbits, the penalty was less severe but still involved at least a 20% loss of pay-
load. There were also significant disadvantages to an equatorial launch base:
higher construction costs (about 100% greater), logistics problems, and the
hazards of setting up an American base on foreign soil. Moreover in 1959
there was a question as to how many U.S. space missions would require equa-
torial orbits. The only definite plans for equatorial orbits were in connection
with communications and meteorological satellites operating at 35000 kil-
ometers.5

While there was disagreement over the merits of an equatorial base
for future Saturn operations, the Atlantic Missile Range was the clear choice
for the developmental launchings. At the range’s launch site, Cape Canaveral,
the Air Force Missile Test Center provided administrative and logistical sup-
port. The range’s ten tracking stations, stretching into the South Atlantic,
gave good coverage of test flights. Moreover, ABMA’s launch team, the
Missile Firing Laboratory (MFL), had launched missiles from Cape Canaveral
since 1953. Cost and time considerations agreed. As an MFL study noted,
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the Atlantic Missile Range met ‘‘the established [launch] criteria in the most
efficient, timely manner at a minimum cost.”’

The Making of ‘‘the Cape”’

Cape Canaveral, better known as ‘‘the Cape,’’ had been earmarked as
a missile testing range in 1947.* An elbow of land jutting out into the Atlantic
midway between Jacksonville and Miami, the Cape covers about 60 square
kilometers. Early Spanish sailors, marking it down as the only major feature
of the long Florida coast line, named it for its abundance of cane reeds. Its
choice as a missile range was dictated by several factors: the planners could
set up a line of tracking stations stretching southeasterly over the Atlantic to
provide the longest range necessary for missile testing; the Banana River
Naval Air Station could serve as a support base; and the launch area was
accessible to water transportation. The Air Force took over the Banana River
Naval Air Station on 1 September 1948, contemplating its use as a head-
quarters for a Joint Long Range Proving Ground. The Coast Guard opened
its 2.5 square kilometers on Cape Canaveral to missile use in February 1950.
The government obtained the remainder from private owners by negotiation
or condemnation.

Cape Canaveral was a scenic but comparatively unsettled place—
beautiful beaches, excellent fishing areas, a lighthouse, scattered private resi-
dences, an inn that became the Cape Canaveral Auxiliary Air Force Base
Headquarters, a few unpaved roads or trails, a dock used by shrimpers, and
welcome and unwelcome wildlife including deer, alligators, rattlesnakes, and
many millions of the pests that gave their name to Mosquito Lagoon to the
north. In a clearing, made by burning the underbrush and uprooting the pal-
mettos with bulldozers, construction workers completed a concrete pad on
20 June 1950. They also cleared all land within 1.6 kilometers of the pad.

Few pictures reflect the state of American rocketry in 1950 so accu-
rately as the first launch pad at Cape Canaveral. It was a 30-meter-wide layer
of concrete, poured on top of sandy soil a little more than a kilometer north
of the lighthouse. When a dozen jeeps and delivery trucks sank to their axles
on the sandy paths that passed for roads, a layer of gravel was laid over the

*The selection was made by a Joint Chiefs of Staff committee. When the armed services went in-
to rocketry in 1945, the Army stationed its launch team of German V-2 experts at White Sands, New
Mexico—near the scene of Robert Hutchings Goddard’s pioneering work in the 1930s. The southwestern
desert proved too small for rockets. On 29 May 1947, a modified V-2 went the wrong way and landed ina
cemetery south of Juarez, Mexico—one of the factors that decided the Joint Chiefs to move rocket
experiments to the east coast of Florida.
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Fig. 2. Cape Canaveral. View south from the lighthouse, ca. 1950.

sand. Steel scaffolding, purchased from painters, surrounded the missile to
form the first gantry, or service support tower. Plywood platforms stood at
various levels of the scaffolding. If more than ten workers climbed the piping
at the same time, the whole rickety framework seemed ready to fall down.
The crew stacked sandbags around an old shack, a onetime dressing room for
swimmers, and turned it into a launch control blockhouse. It stood a scant 91
meters from the pad. A row of trailers contained additional facilities to co-
ordinate countdown, information, and reports from tracking sites. Heat and
humidity sapped men’s energy. Mosquitoes saturated the air.

The primitive spaceport was inaugurated 19 July 1950 by Bumper 7, a
modified V-2 first stage combined with a WAC Corporal second stage. While
the launch crew—Army, General Electric, and California Institute of Tech-
nology people—and 100 newsmen waited on the beach, Bumper 7 sputtered
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and fizzled at countdown. An autopsy revealed that salt air had corroded
some of its elements. Five days later, the launch crew tried again with
Bumper 8, a sister missile. The missile rose steadily into the air while a
thundering roar rolled across the Cape. At 15 500 meters, the WAC Corporal
second stage ignited and accelerated to 4350 kilometers per hour before drop-
ping into the sea. Thereafter, the Cape was in almost continuous use as the
armed services brought missiles to Florida for testing—the Lark, Matador,
Snark, Bomarc.®

The Cape had its share of growing pains. The Korean War diverted
funds. The multi-service operation posed problems. On 30 June 1951, the
Defense Department changed the official title of the Air Force unit managing
the Cape from Headquarters, Joint Long Range Proving Ground Division,
to Headquarters, Air Force Missile Test Center, with the Air Force in sole
charge. The Cape was designated the Cape Canaveral Missile Test Annex.
The Navy had Point Mugu, California, and the Army had White Sands, New
Mexico. But soon after the Army’s rocket team moved to Huntsville, a repre-
sentative was knocking on the door at the Cape, asking for launch facilities.

In the meantime, negotiations with Great Britain resulted in the
Bahamas Long Range Proving Ground Agreement on 21 July 1951. This
pact and subsequent agreements gave the United States the use of a 1600-
kilometer range through the Bahamas with tracking stations at Point Jupiter,
Florida; Grand Bahamas Bank; and Grand Turk Island. Subsequent negotia-
tions extended the range to Ascension Island, more than 8000 kilometers
southeast of Cape Canaveral.’

While working out the downrange bases, the Air Force had to cope
with a communications problem at home. The division of operations between
the administrative headquarters at Patrick Air Force Base and the launch site
at Cape Canaveral, 29 kilometers to the north, resulted in a costly duplication
of effort. In the summer of 1953 Pan American World Airways, an old hand
at operating bases around the world, convinced the Air Force that it could
reduce the costs of running the range. Pan American was awarded a contract
for day-to-day operations and was soon engaged in many activities from set-
ting up cafeterias to providing security on the pads. The Radio Corporation
of America received a subcontract for the technical aspects of range opera-
tions.

With the launch of Redstone #1 in August 1953, the Missile Firing
Laboratory inaugurated the testing of ballistic missiles. In those days, launch
procedures were unsophisticated. Albert Zeiler, one of the Peenemtinde vet-
erans, had to decide within a split second whether to shut off the engine
immediately after ignition, basing his decision upon the color of the flames.
An off-color indicated an improper mix of the propellants. A couple of
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minor delays had occurred earlier, but on the morning of 20 August 1953 the
flame color met Zeiler’s approval, and the Redstone rose. The powered flight
lasted only 76 seconds and fell far short of the anticipated 257-kilometer
range. Still the missile met most of the test objectives, its structure proved
sound, and the propulsion system worked well .10

Building a Launch Complex

By the late 1950s, the Cape Canaveral skyline already had distinctive
features. Towering gantries rose along ‘“‘ICBM Row.”’ The various missiles
had certain similarities in ground environmental needs and operational
requirements. In the test phase, each required an assembly and checkout
building, transport from assembly area to launch complex, a launch pad, a
gantry service tower, a blockhouse for on-site command and control of the
launch, and a network of power, fuel, and communication links that would
bring it to life. For a long while, the complexes resembled each other. Igloo-
shaped blockhouses stood 230 meters from the pads and looked like the
pillboxes of World War II. They provided protection for the launch crew and
the control consoles and instrumentation. In the case of complexes 11, 12,
13, and 14, designed for the Atlas ICBM, the inside walls of the 12-sided
domed structures were 3.2 meters thick at the base with 12 meters of sand
around them.

Besides the blockhouse or launch control center, the essential features
of a fixed-pad complex included a concrete or steel pedestal on which to erect
and launch the vehicle, a steel umbilical tower to provide fluid and electrical
connections to the vehicle, a flame deflector, and a mobile service structure
that moved around the vehicle so ground crews on platforms could service
and test various components. Other features of the complex included an
operations support building, storage facilities for kerosene and liquid oxy-
gen, a tunnel for instrumentation and control cables, roads, camera sites,
utilities services, and security.

Three factors largely determined the choice of sites for the launch com-
plexes: explosive hazards, the dangers of overflight, and lines of sight. In
1959 the launch planners assumed that the first five or ten missiles in a new
program would have a high rate of failure on the pad or shortly after launch.
Approximately 5% of the Cape’s previous developmental launches had ex-
ploded a few seconds after takeoff, most of them in an area 10° to either side
of the intended azimuth (direction) of launch. Experience thus showed the
wisdom of locating a pad in an area where there were no permanent facilities
immediately downrange. Likewise, the frequency of accidents during test
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programs made backup pads desirable. The explosive hazard further influ-
enced the placement of facilities within the launch site to minimize damage to
“‘long-lead-time’’ equipment. Planners also had to maintain a clear line of
sight from the launch vehicle to the launch control center, and to electronic
and optical instrumentation sites.!!

To meet the constantly expanding needs of the many missile groups,
the Corps of Engineers eventually built 21 missile assembly buildings pat-
terned after Marine Corps hangars at El Toro, California. Shop, office, and
assembly area met the requirements of the early missiles; inside, a maze of
power and instrumentation circuits ran through covered trenches. Criteria
prepared by the Facilities Division of the Joint Long Range Proving Ground
standardized the basic framework of the last 18 of these assembly buildings
and developed overhead cranes that were interchangeable in all structures. '2
As missiles grew more complicated over the years, the assembly buildings be-
gan to reflect the characteristics of the individual vehicles they would service. '?

Missions for Saturn

In the fall of 1958, the Army Ballistic Missile Agency’s Missile Firing
Laboratory (MFL), after five years at Cape Canaveral, was concluding its
Redstone research and development program; the launch on 5 November
was the last in a series of 38. A parallel program, training field artillery units
to launch Redstone, was also nearing completion. With Redstone attaining
operational status, MFL’s Cape activities would center around Jupiter
launches and the preparation of Pershing facilities. Big on the horizon was
its greatest challenge—Saturn. Although Defense Department officials had
approved the Saturn rocket and its Cape Canaveral launch site, wheels at
Washington would grind another 18 months before the program was (to
indulge in government jargon) finalized. The rocket teams at Huntsville and
Cape Canaveral had to work, if not in the dark, at least in a twilight zone
where there were few certainties. What was the United States going to do in
space? What part would the Saturn have in the space program? What govern-
mental agency would handle its development? How much money would be
available? It was the beginning of the if-and-when planning that would
bedevil the program for five years.

Even as initially set up by General Medaris and Roy Johnson, the proj-
ect was dotted with question marks. Some were in the technological area,
involving the working out of the overly simplified reference in the Medaris-
Johnson pact to ‘‘booster flights which, without sophisticated upper stages,
would be capable of placing limited payloads in orbit’’ (page 2). More ques-
tions developed from the involved process of transferring the Saturn project
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from the Army to NASA. In 1958, the Defense Department’s Advanced
Research Projects Agency (ARPA) was dealing with the Army Ballistic Missile
Agency (ABMA) concerning the Development Operations Division’s Saturn,
and its Missile Firing Laboratory’s Saturn launch facilities. By 1960 NASA’s
Office of Launch Vehicle Programs was handling the same subject matter
with the Marshall Space Flight Center (MSFC) and its Launch(Operations
Directorate (LOD). All of this called for much clearing of the lines of
authority.

Meanwhile, the space experts debated the use of the new booster in
multistage vehicles. In December 1958, with Saturn still an Army project,
ARPA ordered ABMA to study future Saturn configurations with second
and third stages. Herman Koelle, chief of the Future Projects Office,
directed a task group in an examination of 1375 configurations during the
next three months. The study concluded that a modified version of the Atlas,
the 3-meter-diameter Titan, or the 4-meter Titan could be used as a second
stage on top of the Saturn booster already on the drav/ing boards at Huntsville.
The Centaur was recommended as the logical choice for the third stage.* An
ARPA evaluation committee, composed of NASA and Defense Department
members, accepted the study findings and selected the 3-meter Titan for the
second stage. In May 1959, ABMA was directed to develop the three-stage
Saturn.'*

Within days after completing the Saturn systems study, the Koelle
group was attempting to devise an appropriate mission for the super-rocket.
A 24-hour communications satellite, the only firm requirement for Saturn,
did not justify ABMA’s large expenditures. Koelle’s answer was Project
Horizon, a plan to place a military colony on the moon. The summary of the
five-volume Horizon study appeared in June 1959. The report proposed a
manned lunar landing in 1965, with establishment of a 12-man lunar outpost
the following year. As logistical support for a lunar base would require the
launching of 64 Saturns annually, approval of the Horizon project would
secure ABMA’s position for at least a decade.!®

While ABMA and the Army examined ways to employ the Saturn,
NASA was drawing up its own plans for programs beyond Mercury.’ Sug-
gestions included an earth-orbiting manned space station, manned circum-
lunar flights, manned lunar landings, and ultimately interplanetary flights.

*The Air Force began work on the Titan I missile in May 1955 as a backup to the Atlas. The
missile was 30 meters long, burned LOX and RP-1, and relied on radio guidance. It first flew at AMR on
5 Feb. 1959. The Centaur, the earliest hydrogen-fueled stage, was built by Convair and achieved 133 440
newtons (30 000 pounds of thrust).

"Mercury was the first U.S. manned spaceflight program. Its objectives—orbital flight and suc-
cessful recovery of a manned satellite, and a study of man's capabilities in a space environment—were
achieved in a series of flights, 1961-63. See Loyd S. Swenson, Jr., James M. Grimwood, and Charles C.
Alexander, This New Ocean: A History of Project Mercury, NASA SP-4201 (Washington, 1966).
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NASA appointed the Research Steering Committee on Manned Space Flight,
chaired by Harry J. Goett of Ames Research Center, to study those sugges-
tions. On 25 May 1959, the committee recommended manned interplanetary
travel as NASA’s ultimate goal. As a more immediate objective, some
members wanted manned flights around the moon; others wanted to land on
the moon. George Low of Space Flight Development strongly urged the lat-
ter objective. He believed that, among other advantages, Congress would
more readily fund this package. He further urged using existing vehicles,
such as the Army’s Saturn booster, rather than developing a completely new
and larger launch vehicle.'®

Meanwhile, NASA’s Office of Program Planning and Evaluation,
under the direction of Dr. Homer Joe Stewart, whose specific task was to
formulate an overall program, set up a Long Range Objectives and Program
Planning Committee. With the assistance of the Goett Committee, the Plan-
ning Committee submitted a working draft on 1 June 1959, spelling out the
problems, costs, and equipment required for landing one or two men on the
moon and returning them safely to earth after a period of exploration.!”

A Marriage of Convenience

At this point the Army had a Saturn vehicle for which it was seeking a
mission, and NASA had a mission for which it was seeking a vehicle. A mar-
riage of convenience was indicated. Dr. T. Keith Glennan, first NASA admin-
istrator, had attempted to bring half of the von Braun team into his new
organization on 15 October 1958. Secretary of the Army Wilbur Brucker and
General Medaris successfully rebuffed that effort; the Army still had military
projects to supervise (Jupiter and Pershing) and did not want to break up the
von Braun team. Brucker suggested, as a compromise, that NASA place a
liaison group at Huntsville and plan to use the Redstone Arsenal facilities for
certain programs. Coveting the Saturn program, NASA accepted Brucker’s
proposal as the best of a bad bargain. In January 1959, ARPA and NASA
representatives established a National Space Program. NASA would concen-
trate on smaller vehicles while the Defense Department developed larger ones
including the Saturn. Although this understanding appeared to secure a role
for Saturn, it actually spelled trouble for ABMA. The Huntsville organiza-
tion had hoped that NASA would provide financial assistance for Saturn
since the new space agency would likely use the big booster. NASA, however,
unable to direct the Saturn program, refused to underwrite any of its costs.'3

Saturn’s prospects worsened after a key Defense Department official
opposed the Army program. In the spring of 1959, Dr. Herbert F. York,
newly appointed Deputy Secretary for Research and Engineering, assigned
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responsibility for future military space activities to the Air Force. Having pre-
viously disclaimed any Defense interest in moon exploration, York in April
indicated a desire to cancel the Saturn.* He could see no military justifica-
tion for the big rocket. ARPA, perhaps influenced by York, suspended
studies of the second stage on 31 July, directing ABMA to conduct a new
series of cost and time estimates based on a 4-meter Titan. The larger Titan
offered several advantages, including compatibility with the Air Force Dyna
Soar, a manned space-glider program.19

Two decisions in September reaffirmed the Saturn program. An
ARPA-NASA Large Booster Review Committee, after examining Army, Air
Force, and industry programs, recommended the clustered Saturn booster as
““the quickest and surest way to attain a large space booster capability in the
million-pound thrust [4448000-newton] class.”’?® York and Dr. Hugh
Dryden, NASA’s Deputy Administrator, reached a similar conclusion in
their comparison of the Saturn and the Air Force’s Titan C proposal. (The
latter would have employed a cluster of upgraded Titan I engines to provide
a thrust comparable to the Saturn.)?! The York-Dryden committee also
recommended that ABMA conduct a new study of second and third stages.

ABMA presented a second Saturn systems study to a Defense Depart-
ment conference in Washington 29-30 October 1959. The report offered four
alternative configurations, ranging from a Titan second stage and Centaur
third stage to an optimum vehicle with a new 5.6-meter-diameter conven-
tional second stage (burning RP-1), a new hydrogen-fueled third stage, and a
Centaur fourth stage. Knowledge that President Eisenhower had decided to
transfer Saturn and the Development Operations Division to NASA lessened
the study’s impact. After assuming technical direction of the Saturn in
November, NASA initiated still another study of upper stages. Dr. Abe
Silverstein, NASA’s Director of Space Flight Development, headed a com-
mittee representing the Air Force, NASA, ARPA, and ABMA.22

Upper Stages

The Silverstein Committee established two criteria for a successful
Saturn program: development of a rocket with an early launch capability as
well as growth potential. The group listed three missions for the initial Saturn

*In a letter to the authors, York elaborated on his motivation. In early 1959 York viewed the U.S.
space program as a ‘‘mess’’ and thought the transfer to NASA of the von Braun team and its big booster
would improve matters. Neither the Army nor the Navy needed large rockets, and the Air Force was
developing the Titan. NASA, on the other hand, required large boosters in future space programs. York
wrote, ‘“While ARPA did have other legitimate roles in Defense R&D, 1 concluded it was really just one
more unnecessary layer in the management of large rocket and space programs, and so I recommended its
role in Space be cancelled.”
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vehicle: unmanned lunar and deep space missions with an escape payload of
about 4500 kilograms; 2250-kilogram payloads for a 24-hour equatorial or-
bit; and manned spacecraft missions in low orbits, such as Dyna Soar. The
committee matched a number of configurations against these missions. Cur-
rent ICBMs such as the Titan were adjudged unsatisfactory; they would not
generate sufficient thrust for the lunar mission. A larger, conventionally
fueled second stage—5.59-meter diameter—met mission requirements, but
time and cost seemed excessive for a rocket stage with little growth potential.
The solution lay with the early development of high-energy (liquid hydrogen)
propellants for all stages above the first. In defense of this rather bold posi-
tion the committee noted: ““If these propellants are to be accepted for the
difficult top-stage applications, there seems to be no valid engineering
reasons for not accepting the use of high-energy propellants for the less dif-
ficult application to intermediate stages.’’ The committee also recommended
a building block concept stating that ‘‘vehicle reliability will be em-
phasized . . . through a continued use of each development stage in later
vehicle configurations.”” The Saturn C-1* would consist of the clustered
booster, a new Douglas Corporation second stage with four hydrogen-
burning Centaur engines of 66 720-88 960 newtons (15 000-20000 pounds of
thrust) per engine, and a modified Centaur as a third stage. The C-1 would
become the C-2 upon insertion of a new oxygen-hydrogen second stage with
two 667 200-889 600-newton (150 000-200 000 pounds of thrust) engines. The
top two stages of the Saturn C-1 would then become stages three and four on
the C-2 version. The committee proposed to launch ten C-1s starting in the
fall of 1961.%

On the last day of 1959, Glennan approved the Silverstein recommen-
dations, and Saturn got its upper stages. Chances of meeting the new
schedule improved with two Eisenhower administration decisions in January
1960. The Saturn project received a DX rating, which designated a program
of highest national priority. Besides reflecting the administration’s support,
the rating gave program managers a privileged status in securing scarce
materials. More important, the administration agreed to NASA’s request for
additional funds. The Saturn FY 1961 budget was increased from $140
million to $230 million.2* On 15 March 1960 President Eisenhower officially
announced the transfer of the Army’s Development Operations Division to

*Until 1963 Saturns were classified by a C and an arabic numeral. People generally assume that C
stood for configuration; but according to Kennedy Space Center's Spaceport News (17 Jan. 1963), MSFC
engineers used it to designate vehicular ‘‘concepts.’”” Saturn C-1 denoted the concept of the S-I booster
topped with upper stages using liquid hydrogen as a propellant. C-2, C-3, and C-4 were drawing-board
concepts that preceded the C-5 (Saturn V) moon rocket. For additional information on the origins of
Saturn, see John L. Sloop, Liquid Hydrogen as a Propulsion Fuel, 1945-1959, NASA SP-4404, in press,
chap. 12.
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NASA. He took the occasion to name the Huntsville installation the Mar-
shall Space Flight Center, for his wartime commander, General George C.
Marshall. The DoD’s Missile Firing Laboratory at Cape Canaveral became
the Launch Operations Directorate of the new organization.
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The Director

The Missile Firing Laboratory’s director, Dr. Kurt Debus, had wasted
no time in getting a launch pad ready for the new rocket. Early on the morn-
ing of 26 September 1958, four days after the Medaris-Johnson Agreement
to launch four Saturn boosters, a small group of MFL members left Hunts-
ville Airport for Patrick Air Force Base. They joined the Cape Canaveral
members of the MFL team in Debus’s office for a discussion of ways and
means of putting the proposed super-rocket into space,

After the Army had relocated its missile team from Fort Bliss to
Huntsville in 1950, Wernher von Braun became Technical Director of the
Ordnance Guided Missile Center. Debus, who had worked with von Braun at
Peenemiinde, was Assistant Technical Director. When von Braun established
an Experimental Missile Firing Branch, Debus was placed in charge. The
name was changed to Missile Firing Laboratory in January 1953, with Debus
remaining at the helm. MFL maintained offices at Huntsville, although
Debus spent much of his time at Cape Canaveral. During his early years at
the Cape, Debus wrestled with a gamut of problems. One was a shortage of
experienced people; a year after its formation, his team had only 19 mem-
bers. The launch team for Redstone 1 in the summer of 1953 numbered 82,
but only 37 were permanently assigned to the Missile Firing Laboratory. As
the Redstone and Jupiter programs burgeoned, MFL grew also and by 1960,
on the eve of its transfer from the Army to NASA, numbered 535 people.
Thus, while the well-known ‘‘von Braun team’’ operated in Alabama, a less
known and initially subsidiary ‘‘Debus team’ was growing up at Cape
Canaveral.'

Slowly the qualities of Dr. Debus became evident as he moved out of
the shadow of the more charismatic von Braun. A doctor of philosophy in
engineering from Darmstadt University, Debus had been headed for a pro-
fessor’s chair when he was recruited into the Peenemiinde group. Debus was
a systematic man; he kept a daily journal and believed a well-ordered desk
was a sign of an orderly mind. On his monthly inspections, he might help a

17
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subordinate clear his desk of nonessentials; or he would do it himself if the
man was away at the time. He purged his own files regularly.

Totally committed to his work, Debus expected total commitment
from those with him. Thus he would have less respect for a happy-go-lucky
individual, no matter how well that man might do his job, than for one who
shared his own seriousness of deportment. He set his goals and brooked no
opposition to them. But he allowed his subordinates a choice of methods in
reaching those goals. He relied more on his personal experience of a man’s
capabilities than on records or written recommendations—a penchant he
could not indulge in later years as the operation expanded. While not outgo-
ing in manner, he had a deep concern for others. He showed the same re-
served courtesy to the electrician who interrupted his busy day to replace a
burned-out fluorescent tube as to the congressional leader who came to his
office to discuss launch operations. While his team was small, he
remembered birthdays with letters and cards. Straightforward in approach,
he let his achievements speak for him—not always the most effective means
of getting ahead. He was a man to get the job done. Now his job was to put a
Saturn into space.

The proposed super-rocket dwarfed anything heretofore handled by
the Army Ballistic Missile Agency (see table 1). The problems caused by the
clustered engines were particularly significant. To guarantee proper ignition
of all engines, the booster would have to be held on the launch pad for a few
seconds. A complex mechanism to do this had to be developed. There was
also a psychological factor, related to the Saturn’s great expense. With

TABLE 1. COMPARISON OF ROCKETS LAUNCHED
BY MFL/LOD/LOC, 1953-1965

(Vehicle characteristics varied during rocket development; figures represent an approximate average.)

Saturn 1 Saturn I
Redstone  Jupiter (Block I) (Block II)
SA-1-SA-4 SA-5-SA-10
Height (meters) 21 18 50 58
Diameter (meters) 1.75 2.63 6.40 6.40
Propellant weight
(kilograms) 18 000 38500 290000 450000
Total weight at liftoff
(kilograms) 28 000 50000 430000 515750
Total thrust (newtons) 333600 667200 5871400 ::222 6%%
RF links 2 4 8 13
Telemetered measurements 116 215 560 1180

Pad time (days) 15 25 61 103
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previous military missiles, launch equipment failures had been relatively in-
consequential. Each program called for a number of tests; the MFL staff
learned from mistakes. The millions of dollars tied up in each Saturn,
however, meant that launch facility failures could not be tolerated. Finally
there was the problem of time. With the first launch only two years away,
there could be no serious delay in determination of criteria, in design, or in
construction.?

Conversations with the Air Force

The purpose of the MFL staff meeting on 26 September 1958 was to
determine the support requirements needed from the Air Force. A number of
topics were discussed including safety zones, construction costs, fuel require-
ments, instrumentation, a service structure, and a launch site. The matter of
a site, for what would eventually be launch complex 34, received further
attention that Friday afternoon when Debus introduced the Saturn project to
Maj. Gen. Donald N. Yates, Air Force Missile Test Center Commander.
Debus suggested placing the new complex in the central part of the Cape
near pad 26. That pad was presently in use for the Jupiter program, but
would be phased out in 1960. Yates believed that construction near LC-26
would interfere with other contractors and pose safety problems. He sug-
gested the use of areas near complex 20 (Titan), complex 11 (Atlas), or at the
north end of the launch area, which had been tentatively reserved for large
boosters.?

During the next two weeks an MFL facilities team made a preliminary
survey of five possible sites. James Deese drew upon eight years of Cape ex-
perience in directing the survey. The team focused much of its attention on
ground safety. The potential blast effect of an explosion on the pad
established a ground safety zone and a minimum intraline distance. The safe-
ty zone, marking the danger area for exposed personnel, would be cleared of
all persons 30 minutes prior to launch. The minimum intraline distance
delimited the area within which a pad explosion would cause damage to adja-
cent pad structures or vehicles. Deese estimated that the fuel would have half
the explosive force of TNT. With an estimated fuel load of 476 tons
(equivalent to 238 tons of TNT), the three-stage Saturn would require a
ground safety radius of 1650 meters and intraline distance of 400 meters. The
proposed firing azimuths (44° to 110°) excluded sites that would result in
overflying permanent launch facilities already constructed to the east.*

The Deese team recommended only one site, an area approximately
300 meters north of complex 20. By using the existing Titan I blockhouse
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(launch control center) at LC-20, costs and construction time would be
minimized. The Air Force Missile Test Center objected to this location, con-
tending that the Saturn pad should be at least 610 meters from other struc-
tures. This precluded joint use of the Titan blockhouse, because the data
transmission equipment used in checkout of the Saturn would be adversely
affected by voltage drops over a 610-meter circuit.* MFL arguments that the
Air Force recommendation would increase facility costs by 30% and con-
struction time by four months proved to no avail. In mid-January, after a
six-week delay, the Advanced Research Projects Agency sited the Saturn
complex 710 meters north of pad 20.5

Writing the Criteria Book

Criteria development for the Saturn complex proceeded more cordial-
ly. Close coordination was required between four groups: MFL, the Systems
Support Equipment Laboratory of the Development Operations Division at
Huntsville, the Jacksonville District Office of the Army Corps of Engineers,
and an architect-engineering firm. Their goal was to collect and organize all
the data necessary for satisfactory design and construction. The procedures
used in developing Saturn launch criteria followed a pattern set in earlier
programs. MFL and the Systems Support Equipment Laboratory prepared
basic data on all launch facilities and equipment. The architect-engineer then
formalized the data in a criteria book. The Army Corps of Engineers re-
viewed this document for cost, utility, and compliance with federal and
Atlantic Missile Range codes. The launch criteria book provided a general
description of facilities, proposed methods of construction, the placement of
utilities and equipment, facility dimensions, distances between facilities, cost
estimates, and preliminary drawings.®

The blockhouse for .C-34 was patterned after the control center at
complex 20. The reinforced concrete design permitted the planners to locate
the structure 320 meters from the launch pedestal. A domed roof would be
built up in three layers: an inner layer of reinforced concrete 1.5 meters
thick; a middle layer of earth fill 2.1 to 4.2 meters in depth; and a
10-centimeter cover of shotcrete. The last, a concrete with a high cement con-
tent, was pressure-driven through a 15-centimeter tube onto a reinforced

*Some MFL officials believed the Air Force simply did not want to share blockhouse 20, The
Air Force, however, consistently gave range safety a high priority. As General Yates recalled, the Air
Force received numerous complaints from contractors because of concessions the Missile Test Center
made to MFL.
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mesh screen. The 930 square meters of floor space provided room for 130
persons, with test and launch consoles, instrumentation racks, remote con-
trol fueling devices, and television and periscope equipment for the obser-
vation of activities on the launch pad. Blockhouse operations required
substantial air conditioning for such equipment as computers, as well as for
the people. Should a delay in firing occur after the rocket was fueled, the
blockhouse could be buttoned up for 20 hours. Two tunnels provided escape
routes in case an explosion sealed the door.”

Two Cape veterans, R. P. Dodd and Deese, drew up preliminary
criteria for the launch complex. Their plans called for a two-pad complex
with only the northern pad (pad A) constructed initially. A raised concrete
circle 130 meters in diameter would form the base of the pad. The central
area’s slight depression facilitated replacement of refractory brick after a
launch. Dodd included a water deluge system to reduce the intense heat and
wash away spilled fuel, which would be channeled toward a perimeter
trench. A skimming basin would prevent kerosene from entering the area’s
drainage ditches. Beneath the pad, a series of rooms provided space for
mechanical and electrical checkout and firing equipment such as terminal
boards, instrumentation racks, electrical cables, and generators.

Three facilities along the south edge of the complex would service the
Saturn’s propellant needs. In the southeast corner near the ocean stood tanks
for RP-1, a grade of kerosene, to fuel the Saturn I booster (first stage). The
liquid oxygen (LOX) tank in the middle of the southern boundary stored the
oxidizer for all Saturn stages. This tank was insulated; in its liquid state, ox-
ygen is cryogenic—super cold—with a boiling temperature of 90 kelvins
(—183°C). Dodd and Deese placed a high-pressure-gas facility in the
southwest corner of the complex, near the blockhouse. The tanks in this
storage area held two gases, nitrogen and helium, used in launch operations.
Large amounts of nitrogen were used to purge and dehumidify the cryogenic
lines that ran from the LOX tanks to the Saturn vehicle. The nitrogen also
actuated LC-34’s pneumatic ground support equipment. On later launches,
gaseous heliun: would be used to purge the hydrogen fuel lines to the Saturn
upper stages. With an even lower temperature than liquid oxygen, liquid
hydrogen boils at 20 kelvins (—253°C). Since nitrogen would solidify in the
presence of liquid hydrogen, helium was substituted. A few bottles of
nitrogen and helium went aboard the launch vehicle to pressurize some of the
subsystems.

In the final plans, the flame deflector and its spare were parked north
of the pedestal. The service structure pulled away on rails running from the
pad to a parking area 185 meters west. The designers placed the umbilical
tower on the northeast side of the launch pedestal. Eventually 70 meters
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high, it would carry fuel lines and other connections to the Saturn before lift-
off. Two requirements governed the location of the umbilical tower and the
service structure: the need for clear lines of sight from the erected launch
vehicle to radar and telemetry stations in the industrial area 3 kilometers to
the southwest, and an anticipated launch azimuth of 75° to 90°.%

Problems in Design

At Huntsville the Systems Support Equipment Laboratory designed
the ground support equipment, a term applied to components used in the
preparation, testing, monitoring, and launching of a rocket. The interface,
or fit, of the launch vehicle and the support equipment largely determined the
design of the latter. Accordingly, work in the Systems Support Equipment
Laboratory paralleled Saturn development and was very much a research
and design effort. Five design problems, in particular, challenged the
laboratory: the launch pedestal, the hold-down and support mechanisms, the
deflector, the cryogenic transfer equipment, and the umbilical tower.

Initial launch pedestal plans called for a hexagonal structure of
tubular steel. George Walter, the laboratory’s expert on structures, suggested
a reinforced concrete design, which was eventually adopted. Walter’s
pedestal, 13 meters square and 8 meters high, was supported by corner col-
umns and opened on all four sides to allow use of a two- or four-way flame
deflector. A torus ring of large water nozzles, designed by Edwin Davis, en-
circled the 8-meter-wide exhaust opening. During launch and for some
seconds thereafter, the nozzles would spray water on the pedestal, across the
exhaust opening, and down the opening’s walls, cooling the deflector and
pedestal.’

Designing the eight vehicle support arms to be located on top of the
pedestal proved a long and difficult task. Four of the arms, cantilevered at
the Saturn’s outboard engines, would retract horizontally after ignition, pro-
viding clearance for the engine shrouds at liftoff. Should one of the engines
fail during the first three seconds following ignition, these four arms could
return to the support position. The possibility of damaging the rocket as it
settled back on its supports complicated the design of the arms. The Systems
Support team developed a nitrogen-fed pneumatic device that brought the
support arms safely back under the launch vehicle within 0.16 second. The
remaining four support arms were designed to hold the vehicle on the pad for
three seconds after ignition so that blockhouse instruments could test engine
thrust. Donald Buchanan’s design section considered more than 20 different
proposals before selecting one suggested by Georg von Tiesenhausen, Dep-
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Fig. 5. A 1962 drawing showing the pad at LC-34, including the flame deflector, support arms, and
hold-down arms.

uty Chief of the Mechanical Branch. Von Tiesenhausen’s concept, modeled
after an old German bottle top, had been planned for use in securing a
Jupiter seaborne model.* The hold-down arms employed an over-center tog-
gle device to achieve the necessary leverage and rapid release capability.'°

The flame deflector design stirred debate within the laboratory:
Should it have two or four sides? Should it be dry or wet (with cold water cir-
culating through pipes beneath the metal shield)? The Huntsville engineers
ruled out the four-sided deflector, previously used for Redstone and Jupiter
missiles. The flame, spewing in all directions, would obstruct vision from the
blockhouse and endanger equipment at the base of the umbilical tower. Both
the size and cost of a wet deflector were unacceptable; one similar to those
used on the test stands at Redstone Arsenal would cost ten times more than
an uncooled deflector. Its size would increase the height of the launcher plat-
form above ground, a dimension MFL wished to minimize. Despite doubts
that a dry deflector could survive a single launch, a two-way uncooled deflec-
tor was selected.'!

Fueling the Saturn promised to be another problem. The booster re-
quired 182 200 liters of liquid oxygen (LOX), six times the amount expended

*In November 1955, Secretary of Defense Charles E. Wilson directed the Navy to adopt the
Jupiter as a shipborne IRBM. Navy leaders, unenthusiastic about seagoing liquid-fueled rockets, subse-
quently were able to replace the Jupiter with the solid-propellant Polaris missile.
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Fig. 6. The pad under construction, 1960.

by the Jupiter missile. The LOX would evaporate at a rate of 163 liters every
minute during fueling and up until launch; some provision for replenishing
this loss was required. Explosive hazards dictated placement of the LOX
facility a minimum of 200 meters from the launch vehicle. Orvil Sparkman, a
Huntsville native who had been working on propellants since 1953, was
responsible for designing the cryogenics equipment.

The main storage tank would be an insulated sphere with a diameter
of 12.5 meters; it could hold 473 125 liters of liquid oxygen. A centrifugal
pump would deliver the LOX through an uninsulated aluminum pipe to the
filling mast on the launcher. This was the “‘fast fill’’ and operated at 9460
liters per minute. With some of the LOX boiling off as its temperature rose
during the filling process, a smaller (49 205-liter) tank would send additional
LOX through a vacuum-jacketed line to replace the boil-off, thus keeping
the vehicle tanks full. Since the launch team wanted to automate LC-34 fuel-
ing, remote controls were designed for the launch control center. Early plans
called for a differential pressure sensing system in the rocket’s LOX and
RP-1 tanks to control propellant flow (much as a washing machine controls
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flow by measuring the difference in pressure between the top and bottom of
the tank). At Debus’s request, the system was later replaced by an electrical
capacitance gauge. The LOX tank’s fuel level sensor also actuated a
pneumatic valve on the replenishing line.'2

A Service Structure for Saturn

MFL’s Mechanical Branch, meanwhile, considered the assembly,
transport, and service of the launch vehicle. The March 1959 criteria book
called for checkout of the Saturn stages in hangar D in the Cape’s industrial
area, transfer to the pad, and erection and mating of the stages on the pad.
The plan required extensive modifications to hangar D, as the booster’s size
necessitated an increase in hook height from 8 to 13 meters. This additional
space could be provided by cutting the roof structure from its columns, jack-
ing the entire roof up as one assembly, and building up the columns.'?

Some of the Development Operations Division’s plans for a Saturn
service facility, drawn in terms of a 25-meter booster and limited funds, seem
primitive in contrast with the eventual structure. One early study proposed to
eliminate service platforms by designing the upper stages with sufficient
work space inside the rocket. Another short-lived scheme lowered platforms
down over the launch vehicle, attaching them to the rocket’s outer surface at
the required working levels. Workers would ride elevator stands up to the
work platforms. In a November 1958 memorandum, Albert Zeiler scoffed at
the notion of men servicing a rocket from a little platform, high above the
ground. He said it would be “‘practically impossible’’ to perform assembly
and checkout tasks, especially in bad weather. In addition, the rocket would
be exposed to rain and high winds; in the event of the latter, it would have to
be secured by guy wires.'* He recommended instead a large stand with lifting
equipment to assemble and erect the booster and upper stages. Service plat-
forms to support personnel and equipment, elevators, and weather protec-
tion would be incorporated in the stand.

MFL awarded the criteria studies for the launch complex and service
structure to the Miami firm of Maurice H. Connell and Associates. The
Miami architects, veterans of the Redstone program, completed both studies
by mid-March 1959. At a conference later that month, Saturn engineers
agreed to complete design work by 1 August 1959. The conference set a
1 July 1960 target date for construction of the complex, excepting the
blockhouse and service structure. '

Connell and Associates had completed the criteria studies and moved
into the design phase when MFL decided on major revisions in the assembly
and service concepts. Prior to the criteria review, IDECO, a Dressler In-
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dustries division, had approached MFL with a proposal for a tubular steel
service structure. It was designed in the shape of an inverted U, open at both
ends. IDECO’s design offered several advantages: greater accessibility to the
booster, a minimum hook height of 13 meters, and more flexible service plat-
forms (the platforms telescoped in and out of the main frame design, were
vertically adjustable, and could match up with various booster or upper stage
diameters).'®

An additional attraction of the IDECO proposal stemmed from a new
MFL proposal to assemble and check out stages of the launch vehicle in a
building 180 meters from the launch pedestal. The facilities people at the
Cape had never really liked the idea of modifying hangar D; many thought
the raised roof would collapse in a hurricane. In the new plan the staging
building shared a bridge crane with the IDECO service structure, Rails at the
ceiling level of the staging building matched up with the bridge crane rails at
the 13-meter level in the service structure. A cutout portion in the center
front of the staging building roof provided space for the bridge crane roof.
The dual use of the bridge crane allowed the transfer of the stages from the
staging building to the launch pedestal in one operation.'”

General Medaris was impressed with the IDECO proposal and
ordered an extension of the service structure study. At a 13 April meeting,
MFL directed Connell representatives to prepare a new design incorporating
14 function capabilities of the IDECO proposal. The Miami firm satisfied
this requirement in ten days. The design called for a structure of girders and
platforms shaped like an inverted U 95 meters high. The service structure was
40 meters wide, including the 17-meter open space where the structure ex-
tended over the launch pedestal. A bridge crane supported 40- and 60-ton
hoists at a 75-meter hook height. Each hook had a forward reach of 9 meters
and a lateral reach of 6 meters. Seven fixed platforms were housed within the
tower legs, each providing 73 square meters of working area. Each half of the
six enclosed retractable platforms had a capacity of 12 persons and 272
kilograms of equipment. The platforms were vertically adjustable from the
25-meter to the 68-meter level. Three elevators provided a 227-kilogram
lift.!8

Construction bids followed in June. Since assembly and service
methods were still not firm, the contract called for additional design work.
Kaiser Steel Corporation’s $3.9 million bid, $400000 less than an IDECO
proposal, won the contract. Kaiser formally began work on 14 August 1959,
but construction did not start until the following summer.'?

Brick and mortar work on the new complex proceeded satisfactorily,
slowed little if at all by the still meager Army appropriations and the pros-
pects of major administrative changes taking form in Washington. In early
June 1959 the Western Contracting Company began hydraulic-fill operations
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Fig. 7. The service structure, LC-34.
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at the pad. A proprietary process, vibroflotation, was used to compact the
fill. The Vibroflot machine consolidated the marshy soil by simultaneous
vibration and saturation; the machine vibrated the sand with ten tons of cen-
trifugal force as it pumped in more water than the surrounding soil could ab-
sorb. The sand formed a dense mass, the excess water floating fine particles
to the surface. Workmen shoveled in backfill (roughly 10% of the total
volume compacted) to increase the density. Vibroflotation on LC-34 re-
quired 5350 cubic meters of fresh sand to provide compact soil 8.5 meters
deep. In late November, the Henry C. Beck Construction firm started work
on the pad facilities. Three hundred and twenty meters to the southeast, the
blockhouse was taking shape.*’

A Money Transfusion

In the meantime, Debus received good news. With the Saturn’s
metamorphosis from Army orphan into NASA prima donna, cost estimates
at the launch facility could be revised upward to what were considered more
realistic levels (see table 2). Limited Army financing had constrained the
Development Operations Division to view the Saturn program as a minimum
operation to demonstrate the feasibility of the clustered booster, and funding
for its Cape Canaveral launch facility during the first nine months was
piecemeal and unrealistic. As a later MFL study noted: ““Prior to this date
[31 July 1959] no budget submissions could be considered an estimate of re-

TABLE 2. LAUNCH COMPLEX 34 COST ESTIMATES

(in millions of dollars)

9 March 1959 31 July 1959 August 1960

Blockhouse 1.3 1.1 1.1
Service structure 3.0 4.6 5.1
Launch pad and area

development 3.6 5.4 5.4
Capital equipment (high-

pressure-gas systems,

instrumentation) 3 2.0 2.5
Ground support equipment 8.0 23.1
Operations support building 9
Industrial facilities LD A

Totals 8.7 21.1 38.1

Source: J. P. Claybourne, Saturn Project Office, LOD, memo for record, **Cost of Saturn Launch Facilities and
Ground Support Equipment,” 13 Sept. 1960.
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quirements, merely a series of proposals on how to apply initial inadequate
funding with the promise of additional operating funds to come.’’?! Rough
estimates in September 1958 placed the cost of the launch complex at $4.5
million. The original project request, made on 9 March 1959, called for a
total expenditure of $8.7 million. The price of the service structure alone had
increased from $400000 to $3000000. By 31 July 1959, revised estimates
had increased the figure for MFL expenditures to $13.1 million, with an ad-
ditional $8 million requested for ground support equipment. One year later
MFL officials would be justifying a $38 million price tag for LC-34. Their ex-
planation would offer a number of reasons: underestimates, inflation,
organizational changes, vehicle design alterations, and the Saturn program’s
changing guidelines and objectives.??

Besides the rising costs of LC-34, MFL faced the need for a backup
Saturn launch complex. While the Silverstein Committee report was pending
in late 1959, MFL began its own investigation of hydrogen-filled upper
stages. A committee, headed by Charles Hall, examined equivalent TNT
forces and concluded that an explosion would render LC-34 useless for a
year. MFL reassessed its Saturn launch capability in light of that report. The
L.C-34 staging building, tentatively located near the pad, was moved back to
the industrial area and the service structure was fitted with blow-out panels
around the base. In January 1960, Debus notified Eberhard Rees, Deputy
Director at Huntsville, of the Hall Committee findings and strongly recom-
mended a second Saturn complex. Construction of LC-34’s second pad
would not do since the 730 meters separating the LC-34B site from LC-20
was too short for safety, with the new Saturn configuration. The Develop-
ment Operations Division gave its approval and MFL was soon planning for
what would become launch complex 37.%

With the transfusion of new money, construction of LC-34 proceeded
apace. Reminiscent of Florida’s Seminole Indian Wars of the 1830s, the first
structure to take form was the blockhouse (launch control center). The
dangers had changed and so, too, the design of the blockhouse. The interior
diameter of the igloo-shaped building at LC-34 was 24.4 meters, its max-
imum height 7.9 meters. Two stories provided space for control instrumenta-
tion, measuring racks, and firing consoles. Construction took 13 months; the
blockhouse was ready for occupancy in July 1960.

The Ground Support Equipment

At Marshall Space Flight Center the development of ground support
equipment proceeded under a new office. With the reorganization of ABMA,
on the takeover by NASA in March 1960, the Systems Support Equipment
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Fig. 8. The blockhouse at LC-34, with the service structure rising behind it, November 1960.

Laboratory disappeared. Most of the laboratory’s personnel joined LOD as
members of Theodor Poppel’s Launch Facilities and Support Equipment Of-
fice (LFSEQ). Poppel’s experience with ground support equipment dated
back to World War II. A native of Westphalia, Poppel had begun work at
Peenemiinde in 1940, following graduation from an engineering school in
Frankenhausen. He had been among the first Germans to enter the United
States in 1945. The deputy to Poppel, Lester Owens, like many American
members of the von Braun team, was Alabama-born and Auburn-trained.
Five of the six suboffices worked in Huntsville; the other line unit, R. P.
Dodd’s Launch Facilities Design Group, was based at the Cape.**

By May 1960, LESEO leaders felt sufficiently confident about the
development of ground support equipment to discuss responsibilities for in-
stalling equipment at LC-34. A conference on the 17th set beneficial oc-
cupancy dates (the dates on which each facility within the complex would
become available to MSFC and its contractors for installation of collateral
equipment). MSFC plans called for a rudimentary high-pressure-gas
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(nitrogen and helium) facility. Two flatbed trailers, each with a 3785-liter
storage tank, pump, vaporizer, and associated equipment, would bring lig-
uid nitrogen to the pad. After being routed through a vaporizer and warmed
to 294 kelvins (21 °C), the gaseous nitrogen would be stored under high pres-
sure in a cluster of bottles protected by a concrete vault, Two booster com-
pressors located in the storage area would pressurize the helium. Since the
introduction of upper stages after the third launch would increase high-
pressure-gas requirements, Chester Wasileski’s Propellants Service Design
Group was planning a central compressor-converter for LC-37. The basic
LC-34 arrangement, however, would be ready by 1 August 1960.

Discussion moved next to RP-1 facilities. LFSEO planned to test the
integrated fuel storage and transfer system at Huntsville before 10 August.
During the fall, the General Steel Tank Company would install the two
113 550-liter storage tanks at the pad. Hayes Aircraft personnel would then
clean, install, assemble, and pressure-test the entire transfer system from
tank to fuel mast. The two 3785-liter-per-minute pumps were standard equip-
ment and posed no problems. The propellant operations and status panel
required additional testing at Huntsville, but would be ready for blockhouse
installation in the fall. Wasileski thought the entire system could be opera-
tional by 1 February 1961.

Wasileski envisioned a similar schedule for LOX facilities: completion
of testing at Huntsville on 10 August; installation of storage and replenishing
tanks by Chicago Bridge Company between September 1960 and 15 January
1961; cleaning, assembling, and installing the transfer system (the pipes that
carried LOX from the tanks to the Saturn) by Hayes before 15 January 1961;
and operational status as of 1 February 1961. During the installation, the
Chicago Bridge Company would conduct a flow test between the storage
tank and replenishing tank to qualify the vaporizer design.

Work on the cable masts was proceeding satisfactorily. The Saturn
booster required a 21-meter aluminum boom to service the instrument com-
partment with pneumatic pressure, electrical power, and coolants. LFSEO
expected to deliver the long mast 1 March 1961. Shorter cable masts,
mounted on the launcher support arms, would provide pneumatic and elec-
trical connections to the tail section of the booster. The electrical connections
powered and monitored the propulsion system, while the pneumatic lines
purged and pressurized the fuel systems. The conference set 1 February 1961
as the installation date for launcher support arms, hold-down arms, and
short cable masts.?

Development of the flame deflectors took Poppel’s office about six
months longer than expected. LFSEO had begun testing angles of impinge-
ment in early 1960 to establish the flow pattern for the Saturn’s exhaust. If
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Launch complex 34

Figure 11

Fig. 9. The high-pressure-gas facility. Fig. 10. LOX facility (L), service structure (C), and pad (R), seen
from the top of the RP-1 facility. Fig. 11. The LOX facility. The pad is to the left.
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the deflector was set at the wrong angle, a detached shock wave would form,
choke the exhaust flow, and raise the heat and pressure on the launch vehicle
beyond tolerable limits. Donald Buchanan’s Launcher System and Umbilical
Tower Design Section experimented with several angles before contracting
with the Hayes Corporation of Birmingham to construct two 80° deflectors.
Delivery was set for November 1960. During subsequent tests in August
1960, Buchanan and Edwin Davis determined that a 60° deflector (30° angle
of impingement) would further reduce the backflow. Although the 80°
deflector still met launch vehicle requirements, rocket designers prevailed
upon von Braun to modify the Hayes contract. The Birmingham firm
shipped the first deflector to the Cape in April 1961. Due to its size,
6 x 8 x 13 meters, and weight, 99 tons, the deflector was shipped in seven sec-
tions.26

The change in the deflector design was not a unique event. The office
frequently altered its designs to fit requirements of other MSFC groups; few
concessions were made to LFSEO. For one example, the support arms could
have been simplified by strengthening the booster frame. This LFSEO
recommendation was rejected because it meant adding 1100 kilograms to the
launch vehicle weight. Eventually, the weight increased several times that
amount, but for other reasons. MSFC officials, fearful of a rocket collision,
restricted the size of the umbilical tower. An LFSEO engineer, believing the
final design of the tower base was unsatisfactory, surreptitiously increased its
dimensions. Speculation about German-American friction at Huntsville was
largely unfounded, but disagreements between vehicle designers and ground
support engineers were common.

By mid-1960, costs of the two Saturn launch facilities were burgeon-
ing. A July Saturn Project Office memorandum noted that ‘‘rising costs, the
influence of the committee on Saturn blast potential [Charles J. Hall Com-
mittee], and the full impact of [the Saturn] C-2 on the VHF-37 com-
plex . . . indicated that approximately 44 millions were required in lieu of the
available 31 millions [for FY 1961].”"%” The Launch Operations Directorate
established priorities to complete the essential portions of LC-34 and LC-37
while the remaining facilities awaited adequate funding: first, prepare LC-34
for the three Saturn booster shots without hydrogen capability or umbilical
tower; second, prepare LC-37 as a backup pad for the second launch; third,
complete LC-37 for launch of a two- or three-stage Saturn C-1 or C-2;
fourth, complete LC-34 for Saturn C-1 configuration.* Construction of

*In July 1960, the Saturn launch schedule called for the first three booster shots to carry dummy
upper stages. This was eventually changed to four booster shots (the block I series) and six two-stage
launches (block II series). The block I series ran from 27 Oct. 1961 1o 28 Mar. 1963.
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Launch complex 34

Figure 13

Fig. 12. The flame deflector in position beneath the launch pad. Fig. 13. The top of the pedestal. The
metal grating, a work platform, was removed before launch. The spray nozzles can be seen beneath the
torus ring. The rocket rested on the hold-down arms, which are under protective covers. The rectangu-
lar ducts (one of which is in front of the workman) removed exhaust gases.
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LC-34’s umbilical tower began in September 1960 but stopped at the
8.2-meter level; the long cable mast would provide umbilical connections for
the booster launches.?

Labor Difficulties

Construction on several of LC-34’s most prominent features in-
cluding the service structure, launch pedestal, and umbilical tower was just
getting under way when a serious labor dispute broke out at the Cape. On 5
August 1960, members of the electricians’ union (International Brotherhood
of Electrical Workers) informed a Corps of Engineers representative that,
“It’s too hot and ABMA is making it hotter . . . . We’re going fishing.”’%
The Launch Operations Directorate had generated the heat earlier that
morning when some of its personnel unloaded a dozen firing consoles at the
launch control center. The incident touched off four months of conflict be-
tween LOD and labor unions at the Cape, and eventually received the atten-
tion of Congress and the Secretary of Labor.

Involved were jurisdictional issues between unions, as well as the role
of labor unions in research and development work. During the late 1950s, the
building trades unions had achieved jurisdiction over a large share of the
construction of ground support equipment for missiles. They feared loss of
such jobs to the aircraft industry union. LOD officials believed that the
building trades unions had won a number of concessions at the Cape because
the Air Force normally yielded to labor demands. While the urgency of mili-
tary programs made the Air Force position understandable, Debus refused
to take the same course.* LOD articulated its philosophy in a 6 September
presentation to General Davis, Air Force Missile Test Center Commander:

All ground equipment including measuring, launch controls,
plumbing, instrumentation which are directly connected to the
missile are a very integral part of the missile system. In the ear-
ly phase of any program, the missile constitutes a flying
laboratory for the purpose of gathering data and testing feasi-
bility on design concepts, operational techniques . . . . Thus
the ground equipment is just as important to the success of the
mission as is the actual flight of the missile . . . and must come

*Gen. Donald Yates contends that Air Force policy was a better approach to labor relations.
Non-union contractors did work at the Cape, but the Air Force never placed a non-union contractor on
the same job with a union contractor. Furthermore, Yates felt that LOD leaders tended to challenge
union labor with their new rules.


https://launches.28

LAUNCH COMPLEX 34 37

under the direct control, from installation to final use, of the
LOD missile people. All our firings will be R&D in nature, not
operational prototypes.*’

General Davis was impressed with the LOD arguments, but not so the unions.
When LOD personnel returned to the launch control center on 10 October to
install more panels, 47 electricians walked out again. Ten days earlier, 27
ironworkers had left work on the service structure complaining of excessive
supervision; on 4 October, 17 carpenters stopped work in a jurisdictional dis-
pute with electricians over the installation of static ground lines.!

These walkouts were brief and contractors lost only 800 man-days
from August to November. Then on 14 November LOD resumed its ac-
tivities at LC-34, with civil service personnel installing cables and consoles.
When the electricians struck again, LOD initiated injunction proceedings.
The other trade unions retaliated with a mass walkout at the Cape. By
Thanksgiving 650 union members were on strike. With the problem attrac-
ting national attention, Secretary of Labor James P. Mitchell intervened. His
appointment of a fact-finding committee placated the unions and work
resumed 28 November. The committee’s findings, released after the New
Year, included recommendations that LOD improve its communications
with the unions and that both sides reexamine the controversial interface
points (between rocket and ground support equipment). While the basic
issue remained and work stoppages continued, relations never again reached
the low ebb of November 1960.32

Work moved ahead rapidly on LC-34’s major structures in early
1961. By February the inverted U shape of the service structure’s rigid box
truss frame was clearly recognizable. At the pad, four reinforced concrete
columns, 7 meters high and more than 2 meters thick, stood at the corners of
the 13-meter-square launch pedestal. Nearby rose the steel frame of the ab-
breviated umbilical tower. The walls of the 7 X 7 X 8-meter base would incor-
porate blowout panels to reduce structural damage from a pad explosion.

At its formal dedication 5 June 1961, LC-34 represented the largest
launch facility in the free world. Although complexes 37 and 39 would soon
overshadow it, LC-34 was destined to play an important and tragic role in
the Apollo history. Its inaugural would come in four months with the first
Saturn I launch as the United States tried to recover lost ground in the space
race.
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Fig. 14. LC-34 soon after its dedication. Looking north, the pad is in the center; the service structure has been removed
along its parallel tracks to the parking position. The control center (blockhouse) is on the near side and left of the
service structure. In the background, land is being cleared for LC-37.
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Fig. 15.

LC-34, looking southwest. LC-20 is in the background. The white rectangle in the foreground is the skimming pond.
The RP-1 facility is at the extreme left.
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LAuncHING THE First SATURN I BOOSTER

The Magnitude of the Task

Just as launch complex 34 dwarfed its predecessors, Saturn checkout
represented a new magnitude in launch operations. The Saturn C-1 stood
three times higher, required six times more fuel, and produced ten times
more thrust than the Jupiter. Its size, moreover, was only a part of the
challenge to the Launch Operations Directorate (LOD) at Cape Canaveral.
The costs and complexity had also increased markedly. Because of the costs
(eventually $775 million for the Saturn I program’s research and develop-
ment alone), there would be fewer test flights. This meant the engineers at
Marshall Space Flight Center (MSFC) had to have more test data per
flight—such measurements as the temperature of the flame shield, the
pressure in combustion chambers, the rocket’s angular velocity in pitch and
roll. Whereas two telemetry links (radio transmitter-receiver systems) send-
ing 116 measurements had been adequate for Redstone testing, the first
Saturn booster employed eight telemetry links to report 505 measurements.
The rocket’s overall complexity necessitated a longer checkout: Saturn C-1
launch preparations averaged 9 weeks, almost three times longer than for a
Jupiter missile.

Ultimately the new procedures were to work a major change in the
human role on the launch pad. Until the Saturn, the Debus team had been on
a first-name basis with the rockets. LOD members who were not crawling
around inside the Jupiter worked within a few yards of the pad. The Saturn
brought little change initially; checkout for the first Saturn C-1 remained
largely a manual operation. In the blockhouse, a console operator with a test
manual threw a switch connected to a rocket component and checked the
results on a meter or strip chart. Automation on the first Saturn booster was
rudimentary, limited to relay logic during the last minutes of countdown. It
increased as the Saturn grew more complicated. The addition of a live second
stage to the Saturn C-1 and the appearance of the much larger Saturn V dic-
tated greater reliance on machines and computers. By the mid-1960s the
Saturn checkout was well on the way to automation. Chapter 16 will address
this subject in detail.

41
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Fig. 16. Models of Jupiter, Juno, and Saturn I.
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NASA had firmed up the Saturn C-1 program in late 1959 by adopt-
ing the Silverstein Committee’s proposals (pages 13-14). Marshall Space
Flight Center would start with the clustered booster (S-I) and dummy upper
stages. A second block of missions would add a hydrogen-fueled second
stage, and a third block would add a third stage to the stack. The Program
Office listed the SA-10 launch, set for April 1964, as the Saturn C-1’s debut
as an operationally ready vehicle. Plans beyond the ten-vehicle research and
development (R&D) schedule were indefinite. A 1960 NASA Long Range
Program called for 50 Saturn C-1 and C-2 launches between 1965 and 1970.
Twenty of these flights would launch Apollo spacecraft reentry tests, earth
orbital missions, and circumlunar shots.?

These plans were altered in January 1961 when Wernher von Braun
proposed to eliminate the third stage; a two-stage Saturn C-1 would meet the
needs of the early Apollo missions. Following NASA Headquarters formal
approval of von Braun’s recommendation, the Saturn Office in Huntsville
rearranged the ten-vehicle R&D program. Block I, beginning that fall, would
consist of four S-I stage tests from LC-34 (mission numbers SA-1 through
SA-4). Block 11, the next six launches (SA-5 through SA-10), would add the
second stage from the LC-37 launch pad, and from an upgraded LC-34.3

The Saturn C-1 test flights were to prove the design of the launch
vehicle. The block I launches in particular would test the eight-engine pro-
pulsion system, the clustered tank structure, the first-stage control system’s
ability to cope with sloshing and nonrigid-body dynamics, and the com-
patibility of the vehicle and launch facility. During the block I series, Mar-
shall engineers proposed a systematic buildup of tests to prepare the way for
two-stage flights. Broadly stated, LOD’s responsibilities were fourfold:
assuring that transportation had not affected vehicle components, mating
stages and ground equipment to verify the compatibility of the different
stages, launching the rocket, and analyzing the performance of all vehicle
systems immediately after launch to detect flight failures. Although the mis-
sion was referred to as ‘‘launch vehicle test and checkout,”’ less than half of
LOD’s scheduled activities involved test performance. The balance of the
total launch preparation effort included activities more properly described as
assembly, installation, preparation for test, and evaluation of records.?

The Leadership

Entries in the LOD Director’s daily journal during 1961 indicate that
Debus kept a close eye on SA-1 operations. Other problems, however, oc-
cupied his time: a new launch facility for Saturn V—eventually the moonport
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for the moon rocket; Centaur facility development; and Mercury-Redstone,
Pershing, and Ranger launches. On account of these duties, Debus did not
deal with the details of the SA-1 checkout. That burden fell on his operations
office chiefs, their deputies, and the veteran test engineers.

Dr. Hans Gruene headed the Electrical Engineering Guidance and
Control office. A native of Braunschweig, Germany, he had earned his
engineering degree at the technical university in his home town. Gruene had
joined the Peenemiinde operation in 1943 and emigrated to Fort Bliss after
the war. Since 1951 he had served as the electrical networks chief for the
launch team. Small in stature and unassuming, Gruene enjoyed great respect
from his associates. Gruene’s deputy, Robert Moser, had joined the von
Braun team as an Army enlisted man in 1953, three years out of Vanderbilt
University. He had reverted to civilian status in 1955, but stayed on in Hunts-
ville as Gruene’s right-hand man. Moser’s launch countdowns resembled an
orchestral performance and earned him high praise as test conductor for
Explorer 1 and Alan Shepard’s Mercury-Redstone flight. Gruene’s office
supervised the performance of all equipment affecting rocket guidance and
control. This required a wire-by-wire knowledge of the electrical systems,
both on board the vehicle and at the launch site. Gruene’s men also evaluated
preflight telemetry records relating to guidance, stabilization, control, and
electrical networks of the vehicle.

Albert Zeiler’s Mechanical, Structural, and Propulsion Office han-
dled missile receipt and transfer, stage erection, and assembly. The team
tested pressures, located leaks, and made necessary replacements, repairs, or
modifications. One of the branch’s sections was responsible for fueling the
rocket, another for the firing. After the launch, the branch evaluated flight
data to check on mechanical functions and make corrections for future
flights. The Austrian-born Zeiler had served at Peenemiinde throughout
World War II, testing and launching V-2s. Following duty at White Sands,
he had moved to Huntsville and worked with MFL. Robert Gorman, deputy
in the Mechanical Office, had begun his engineering career in NACA’s wind
tunnels at Langley Field. A ready ear for subordinates’ ideas contributed to
his success. His calm manner balanced Zeiler’s excitable nature, and the two
provided the office with effective leadership.

Quiet and intense, Karl Sendler, chief of the Measuring and Tracking
Office, seemed aloof to strangers, but to colleagues showed a warmth that
sparked loyalty. He was Vienna-trained and reflected the traditions of the
old Hapsburg capital in his manner and attire. At Peenemiinde, Sendler had
tracked the V-2s fired northward along the Baltic experimental range. He,
too, had worked at White Sands before moving to Huntsville in 1950. His
deputy, Grady Williams, had graduated from Auburn in 1949 and joined the
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von Braun team three years later. Associates considered him one of the
friendliest members of the team. Like Sendler, Williams had a penchant for
order. The two gave the Measuring and Tracking Office a reputation for be-
ing immaculate. During checkout, Sendler’s systems engineers tested and
calibrated the Saturn’s measuring instruments—pressure gauges, ther-
mometers, accelerometers, and the telemetry that relayed the measurements
back to earth. At launch his office collected the flight data. Supporting
ground radars tracked the flight for deviations in direction and range, which
would reveal problems in the guidance and propulsion systems. Along with
the other offices, Sendler’s group prepared designs and established criteria
for launch facilities. The unit’s work brought frequent contact with other
agencies investigating telemetry, high-frequency signals, and the measuring
and tracking of launch vehicle flights. The branch’s previous efforts had
contributed to the development of three specialized tracking systems:
DOVAP, ‘‘Beat-Beat,’”’ and UDOP.*’

The work of the three LOD operations offices involved close liaison
with other Marshall divisions. Thus, Hans Gruene and his engineers spent
more than half of 1960-1961 in Huntsville with the MSFC Guidance and
Control Division. In turn, a dozen Guidance and Control engineers took part
in the SA-1 checkout at the Cape. The launch team still considered itself an
extension of Marshall. As one veteran recalled, ‘‘In the 1950s we looked at
equipment when it came down here as not trusting a single thing in it. We
were going to check everything from one end to the other.”’® Consequently,
LOD’s checkout was precise and exhaustive, ‘‘a laboratory type check on the
pad.”’ Basic operating procedures were established and followed closely.
Debus detailed some of these procedures in a letter to NASA Headquarters
shortly after the first Saturn launch. LOD employed a test sequence that pro-
ceeded from components, through subsystems and systems, to overall tests.
“If the preceding less complex tests are eliminated, as is tried frequently to
shorten overall test schedules, any failure of one single component in an
overall systems test necessitates activation of all other components whether

*DOVAP (doppler velocity and position) was a velocity-measuring system that used a ground
transmitter, a transponder on the launch vehicle, and a number of ground receivers. The change of [re-
quency between the signal transmitted from the ground and that later received on the ground, called the
doppler shift, could be converted to the velocity of the rocket. Integrating the vclocil_\a with time prm'idcd
distance, which applied to the known departure point indicated the rocket’s position. The *‘Beat-Beat™
system detected the deviation of a missile from a predetermined flight path. It derived its name from the
use of two receivers that compared, or beat, two frequencies against each other. The system consisted of a
pair of DOVARP receiver stations placed symmetrically about the flight path. When the missile deviated to
the left or right, one receiver would detect an increasing frequency, the other a decreasing Irequency. See
W. R. McMurran, ed., **The Evolution of Electronic Tracking, Optical, Telemetry, and Command
Systems at the Kennedy Space Center,”" 17 Apr. 1973, mimeographed paper. ‘‘Beat-Beat'* could be used
equally well with UDOP or telemetry signals. UDOP (ultra-high-frequency DOVAP), operating at 440
megahertz, offered certain advantages over DOVAP, including higher resolution and less loss of accuracy
from ionospheric refraction.
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critical to running time or not.””® Debus insisted that his engineers conduct at
least one systems test in its entirety to ensure a total working package. Other
rules, established from long experience, included: calibrating sensors at the
latest possible time, removing all connecting circuitry and components in a
system when the cause for random irregularities could not be established,
and disturbing a minimum of electrical and pneumatic connections after the
final overall test. Some procedures concerned LOD’s relations with other
Marshall divisions. One provided for a speedy MSFC ruling on launch vehi-
cle and ground support equipment modifications at the pad; another assured
the availability of current Huntsville drawings.

The technical checkout of the various Saturn systems fell to LOD’s
test engineers. Debus considered these engineers ‘‘the backbone of LOD test
activities’’; they carried “‘full responsibility for preparing a launch vehicle to
the point of launch readiness [and] merited equal status with . . . engineers
in design, development, and assembly operations. While an error made in the
design or development phase could be detected by a test engineer, a mistake
by an LOD systems engineer would inevitably lead to mission failure.”””

Conceding that launch site tests were part of a continuous program to
assure reliability and quality, Debus stressed the test engineer’s need for
autonomy. ‘‘Since the systems engineer carries the full responsibility for the
flight-readiness of his assigned system, this responsibility should not be at-
tenuated by assigning a separate inspection or quality assurance team to
check on the systems engineer for compliance to test procedures and test per-
formance.’’ Although limited manpower ruled out a two-shift operation at
the Cape, Debus opposed it on principle: *“A systems engineer had to be kept
informed continuously of the status of his assigned system and all occur-
rences during the test period.”' When problems arose, the launch team
resorted to overtime. The work day during the SA-1 checkout varied from 8
to 16 hours.

The Test Catalog for SA-1

LOD began preparing for the first Saturn launch in mid-March of
1961 when Debus directed the Scheduling and Test Procedures Committee to
review launch procedures. The Director did not want to ‘‘automatically
transfer into the Saturn, things that may have been important in past opera-
tions.”’!! The committee—composed of the operations office deputies Gor-
man, Moser, and Williams—agreed that Saturn required basic changes in
launch procedures. For example, LOD personnel had conducted a detailed
identification of component serial numbers on previous rockets. Since a
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serial inspection of Saturn components would require many man-hours, the
committee proposed to rely on MSFC'’s detailed list instead. LOD would up-
date the Marshall list when components were changed. The committee
eliminated some redundant systems checkouts and recommended less com-
ponent testing. During the Saturn C-1 launches, the emphasis would shift
gradually from component testing to integrated systems testing. As the
checkout for SA-1 was revised, other MSFC personnel undertook to coor-
dinate all Saturn testing.!2

The test catalog that emerged in May 1961 indicated the magnitude of
the Saturn C-1 program. The catalog included 233 system tests, 102 of which
were prepared by LOD. The tests were grouped in seven categories: electrical
networks, measuring, telemetry, radio frequency and tracking, guidance and
control systems, mechanical systems, and vehicle systems. The last category
included overall tests, simulated flight tests, cooling systems tests, propellant
loading tests, static firing, and fuel tank pressurization. Most of the tests ran
from four to eight hours; a few required days. An example of LOD’s con-
tribution was 6-LOD-26, the fuel and LOX systems full-pressure tests: 6 in-
dicated the category, mechanical systems; LOD, the responsible division;
and 26 identified the particular test among 42 in that category. The test ob-
jectives were to ‘‘accomplish a pressure test of both propellant tanks to full
working pressure, performed and monitored from the Blockhouse to deter-
mine if any major structural defects have occurred due to transporting,
handling, erecting, etc. Pressure drop-off time, and pressure switch cycles
will be recorded for system leakage analysis at full working pressures.’’!?

While operations personnel were determining test requirements, con-
struction at the launch complex progressed toward the 5 June 1961 dedica-
tion, when the Corps of Engineers would formally transfer LC-34 to NASA.
LOD personnel began outfitting the service structure in early May. The pro-
pellants team used ‘‘live’’ fuel to run a ‘‘wet test’’ of the fuel system on the
19th. No serious leaks appeared in the LOX and RP-1 transfer lines, and the
pumps worked satisfactorily. At the dedication ceremony the long cable mast
and two short cable masts were the only major items missing. Redesign had
slowed their development, but shipment from Huntsville was expected in
mid-June.'*

A new ground support requirement, however, threatened to delay the
October launch date. On 11 May launch vehicle designers notified Maj. Roc-
co Petrone’s Heavy Vehicle Systems Office that the high-pressure gas system
would have to be modified. Model tests indicated that LOX sloshing in the
Saturn tanks caused condensation of the gaseous nitrogen used for pressuriz-
ing the fuel, and this lowered the pressure to marginal limits. The solution
was to pressurize the LOX tanks with helium. Petrone took immediate steps
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Fig. 17. Assembling the long cable mast at LC-34,

to procure a helium facility through sole-source procedures—an emergency
government purchase without competitive bidding. He transferred LC-37
funds to cover the expense and secured eight steelworkers, skilled in working
on high-pressure tubes. Debus told von Braun the following day that the
change to helium might hold up the launch. The Marshall director mentioned
NASA Headquarters fear that a delay would have political repercussions,
but assured Debus that Huntsville understood the problem. Modifications
progressed rapidly, easing Debus’s mind, and the helium facility was ready
by mid-September. '’

Up in Huntsville, the Fabrication and Assembly Engineering Division
had fallen behind on its booster assembly schedule. Debus reluctantly agreed
to have the work completed at the Cape. Albert Zeiler detailed a list of un-
finished items in a letter to Debus on 14 July. Zeiler expressed particular con-
cern about the scheduling problems posed by these requirements:

3 - Install hula hoops [rings that retained the heat
shield] and coat uncoated portion on eight engines.

This would require 30 hours of unobstructed work in the tail section during
the last 10 days before launch.
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10 - Heat shield beams have to be coated, estimated
time three days for application and up to ten days in
addition where no work can be performed around
the tail section because the coating discharges, dur-
ing the curing time, burnable fumes.

Zeiler considered this a safety, as well as a scheduling, problem, but noted
that the curing time could possibly be shortened.

j £ Four curtains for outboard engines will be pre-
fitted, then coated, and then shipped.

The installation would require one day and should be done as late as possible
to avoid any damage.'®

Robert Moser was responsible for fitting the Fabrication Division’s
activities into the Saturn checkout. As SA-1 test conductor, he coordinated
launch operations and ensured that proper procedures were used for the 102
formal tests. Moser’s operations schedule, prepared in early August, included:

15 Aug. - Unloading barge and transporting S-I stage to pad

34.

17-21 - Erection of stages.

15 Sept. - Removing service structure for RF tests with the
range.

20-25 - Overall systems tests.

2 Oct. - LOX loading test.

9 - Simulated flight test.

12 - Launch day.

Moser’s schedule also listed much component testing and instrument calibra-
tion during the first half of the schedule; system and vehicle tests predomi-
nated in the second half.'”

The Saturn Goes Sailing

Two years earlier Marshall Flight Center officials had decided to
transport the Saturn booster (SA-1’s only live stage) from Huntsville to Cape
Canaveral by water. In April 1961, Test Division personnel loaded a water-
ballasted tank, the approximate size and weight of the booster, and a dummy
upper stage aboard the barge Palaemon. The barge, resembling a Quonset
hut on a raft, made the first leg of its trial trip in five days, descending the
Tennessee, Ohio, and Mississippi Rivers to New Orleans. There, a seagoing
tug replaced the river tug. The Palaemon crossed the Gulf of Mexico to the
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Florida Keys, sailed through the straits, and up the Atlantic coast via the In-
tracoastal Waterway. The LOD team on the Saturn dock, located at the
south end of the Cape industrial area, witnessed a strange sight when the
simulated booster emerged from the Palaemon’s hatch. The big spoked
rings, 4.3 meters across, on each end of the 25 x 2.1-meter tank, looked like
the wheels and axle of a gigantic vehicle. The simulation served its purpose,
proving that both the Palaemon and the Cape’s secondary roadways could
carry the load.'®

The Palaemon was undergoing modifications back at Huntsville in
early June when the lock at Wheeler Dam, Tennessee, collapsed, stranding
the barge upriver. Test Division and LOD personnel moved quickly to secure
a reserve barge from the Navy’s mothballed fleet at Green Cove Springs,
Florida. Although there was not enough time to construct a cover for the sec-
ond barge, the Avondale Shipyards at Harvey, Louisiana, made emergency
modifications. Concurrently, the Tennessee Valley Authority enlisted the
Corps of Engineers to build a bypass road and dock at Wheeler Dam. The
Navy had identified its drab barge by a number, YFNB33. NASA rechris-
tened the vessel Compromise, in hopes it would prove a workable one.'?

The booster was ready for shipment in early August, following static
firing and two months’ further testing at Redstone Arsenal. To protect the
booster during its voyage, the Test Division installed humidity and pressure
regulating equipment within the LOX and RP-1 systems. Protective covers
were placed on each end of the booster, as well as on the dummy upper stage
and payload. After the assembled booster, with its support cradles, connect-
ing trusses, and assembly rings, was jacked onto two axle-and-wheel units,
an M-26 Army tank retriever towed the load to Redstone’s dock. Marshall
engineers had provided for the Tennessee River’s three-meter fluctuation at
the arsenal by building special ballasting characteristics into the Palaemon.?°

The portage at Wheeler Dam, the reloading on the Compromise, and
the journey to New Orleans went smoothly. Out in the Gulf of Mexico,
however, the ten-man crew had rough sailing. Test Director Karl L. Heim-
burg attributed the handling problems to the Compromise’s insufficient
ballast. Negotiating the Intracoastal Waterway proved even more difficult,
and the Compromise went aground four times. Heimburg blamed this on
unreliable channel depths due to the shifting of the loose, sandy bottom.
Crosswinds were an additional hazard; besides threatening to blow the barge
around, the wind caused several near-accidents at bridges. (The Compromise
was to collide with a bridge on the return trip, causing minor damage.)
Despite Heimburg’s frustrations, the SA-1 arrived unscathed at the Cape’s
Saturn dock on the 15th.?!
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Fig. 18. The Compromise at Wheeler Dam, 5 August 1961, with SA-1 onboard.

Unloading the booster was relatively easy in the almost tideless
Banana River. Henry Crunk’s vehicle-handling unit towed the S-I
transporter across the Cape at a majestic 6.5 kilometers per hour. Although
the operation required little physical exertion, the ten-man team perspired
freely on the treeless Cape. At pad 34 ocean breezes made the heat and glare
more tolerable. Most visitors, associating Florida’s beaches with leisure,
would have found the mixed sounds of service structure cranes and pounding
surf incongruous. The novelty for LOD veterans lay in the huge Saturn
booster, which had at last arrived at its action station.??

The booster or S-I stage was erected on Sunday, 20 August. Crunk’s
unit had practiced maneuvering a dummy tank on the pad, but this was the
first mating of the booster to the launch pedestal. With the service structure
in place over the pedestal, an M-26 driver positioned the transporter parallel
to the service structure base. The crew connected crane hooks to pickup
points on the booster, a 60-ton hook to the forward sling and a 40-ton hook
to the thrust frame sling. The crane operator raised the S-1 stage vertically,
brought it into the service structure, and lowered it onto four preleveled sup-
port arms. Removal of the transportation assembly rings proved the most
time-consuming aspect of an uneventful operation. Early the following
week, Crunk’s unit hauled the dummy stages and payload from hangar D,
where they had undergone inspection. The handling unit mated the dummy
stages and the nose cone on the 23d. Cables and cable masts were installed,
the four retractable support arms positioned, and network power applied on
the 25th. Concurrently the Fabrication Division installed exhaust duct
brackets, access doors, and the radio frequency shield.?3
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Fig. 19. Transporting SA-1 to the pad.

Beginning the Checkout

Andrew Pickett’s Vehicle and Missile Systems Group (part of Zeiler’s
Mechanical Office) spent the next month installing the accessories of SA-1*
and conducting a series of launch vehicle tests. In some, the purpose was to
make sure that various components responded correctly to pressure stimuli.
Others checked for leaks caused by the barge trip and the subsequent erec-
tion of the S-I stage. The first week the group performed pressure switch
functional tests, verifying the pickup and dropout pressures for several hun-
dred switches. The Saturn’s 48 nitrogen bottles, which pressurized the RP-1
fuel tanks during flight, were then tested at one-half the operating pressure.

During the second week, the unit checked out the pressurizing and
venting capability of the LOX tanks. Air pressure was applied to a switch in
the tanks’ electrical system. The switch, when functioning properly, would
terminate pressurization at a certain level. If excessive pressure built up, a
second switch would vent the hypothetical gaseous oxygen. LOX and RP-1
system leak checks followed; in both tests the team pressurized the tanks to
about one-half the operating pressure, looking for seal leaks.

*Both the rocket and the mission carried the designation SA-1.
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Concurrently Pickett’s group conducted a series of engine tests. A
nitrogen purge of the LOX dome, located at the top of the H-1 engine,
served several purposes. A low-level purge, begun prior to propellant loading
and continued until shortly before engine ignition, exceeded atmospheric
pressure to prevent contaminants from entering the thrust chamber nozzle
and flowing up to the injector plate and LOX dome. This also prevented
moisture from condensing in the area. If a launch was cancelled, a full-flow
nitrogen purge would quickly expel all LOX from the dome to avoid a pos-
sible explosion. Similar purges of the liquid-propellant gas generator, LOX-
injector manifold, and the fuel-injector manifold of the thrust chamber
prevented the entry of unwanted substances.

The full-tank pressurization test on 6 September ended the first phase
of mechanical checkout, Allowing for the possibility of an explosion while
bringing the launch vehicle to full pressure, LOD officials cleared the pad for
the Wednesday morning test. The two-hour exercise went smoothly, and that
afternoon engineers were back at the launch vehicle for further operations.?

Calibration of the measuring devices that were to report more than
500 flight measurements was a daily operation. Sensing devices such as
transducers, potentiometers, thermocouples, and strain gauges measured
pressures, propellant flows, temperatures, and vibrations. A signal from one
of these sensors, measured in millivolts, was routed to a signal conditioner
which amplified the reading until it could be read on a scale of 0-5 volts. The
calibration of these signal conditioners, popularly referred to as black boxes,
was a major concern of Reuben Wilkinson’s Measuring Group (a unit of
Sendler’s Measuring and Tracking Office). The team sometimes stimulated a
sensing device by tapping on a portion of the rocket to cause vibrations or by
placing a hot soldering iron near a thermocouple. More often they simulated
a signal with an electrical input through an “‘interrupt box’’ located between
the sensor and the signal conditioner. While calibrating the black boxes, the
launch team bypassed the telemetry system. The amplified signal went from
the signal conditioner through a series of remote-controlled relays, and then
over wires to a measuring station in the base of the service structure. The
calibrating equipment in the station normally performed a five-step se-
quence, checking the reading of each instrument at 0, 25%, 50%, 75%, and
100% of maximum value. After the tests were completed, Wilkinson’s team
reconnected the measuring and telemetry systems for readings over the radio
frequency (RF) links.* The Measuring Group removed faulty instruments

*According to the Saturn SA-1 Vehicle Data Book, the following types of measurements were
made on the SA-1: “*propulsion, expulsion, temperature, pressure, strain and vibration, flight mechanics,
steering control, stabilized platform, guidance, RF and telemetering signals, voltage, current and fre-
quency, and miscellaneous.”” Nearly 400 of SA-1's 510 telemetered readings concerned propulsion,
temperature, or pressure. F. A. Speer, ‘“‘Saturn I Flight Test Evaluation,” 1st American Institute of
Aeronautics and Astronautics Meeting, 29 June-2 July 1964, fig. 4.
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Erecting SA-1

Figure 22

Fig. 20. Lifting the first stage from the transporter. Fig. 21. Hoisting the stage in vertical attitude.
Fig. 22. Setting the first stage on the support arms at LC-34.
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Fig. 23. Erecting the upper stages.
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from the launch vehicle for further checks at calibration stands or in an
instrument-calibration laboratory. The team was also responsible for the
blockhouse measuring-station. Here LOD received 100 ground
measurements on the rocket and ground support equipment, as well as
telemetry data.?’

Another of Sendler’s units, Daniel McMath’s telemetry team, checked
out the booster’s eight RF links. Seven of the links used the X0O-4B package,
a proved system from Jupiter flights. The XO-4B was a PAM-FM-FM
(pulse amplitude modulated-frequency modulated-frequency modulated)
system with 15 channels of continuous data and 54 multiplexed channels.*

The Guidance and Control Division in Huntsville had developed the
eighth link to ensure sufficient data channels for the Saturn C-1. The central
feature in the new XO-6B was a 216-channel electronic commutating
system.” Sub-multiplexers sequentially sampled the same measurements for
each of the eight engines. Sub-multiplex 1 might sample ‘‘temperature LOX
pump bearing’® while sub-multiplex 2 sampled ‘‘pressure at fuel pump in-
let.”” The main transistorized multiplexer, in turn, sequentially sampled each
of the 27 sub-multiplexers. The multiplexer’s output was fed to a
70-kilohertz wide-band subcarrier. This frequency permitted the use of a
commercially available oscillator that accurately carried the 3600-pulse-per-
second wave train and utilized existing demodulation equipment. The result
was that 216 separate Saturn measurements traveled on one radio fre-
quency.?®

McMath’s Telemetry Group first tuned the two sets of antennas
located at the forward end (top) of the S-I stage. The six-man team next per-
formed transmitter and power amplifier checks. A third operation, align-
ment of the subcarrier channels, involved tuning each subcarrier oscillator to
its center frequency and band edges. The test also ensured that signal output
from the oscillators was of correct amplitude. Midway into the second week
the team began verifying telemetry wiring. Data was fed into each line at a
break between the measuring and telemetry systems. If range operations per-
mitted, the team conducted an ‘‘open loop test,”’ with the RF transmitter
radiating the telemetry signal to receivers in the blockhouse and hangar D.
But if radiating RF signals would interfere with any other activity in the area,
the team operated ““closed loop”’’ with the signal going from the telemetry

*Each telemetry link employed one frequency, SA-1's link 3 used 248.6 megahertz.
Oscillators within that system produced sub-carrier channcls rch.m.d to as straight channels because they
carried continuous data from one sensor. Most measuring instruments, however, shared telemetry time
by means of a multiplexer. On the XO-4B links, two 27-channel mechanical commutators provided the
multiplex function.

'Commutation in telemelry is sequential sampling, on a repetitive time-sharing basis, of
multiple-data sources for transmitting on a single channel.
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link over wire to the telemetry ground stations. After all eight links were
checked out, the team reconnected the measuring and telemetry systems for
subsequent tests of the launch vehicle.?’

During the first month of checkout, Jim White’s Tracking Group
worked on the tracking systems for the SA-1: cameras, UDOP and UDOP
Beat-Beat, S-band radar, C-band radar, Azusa, Beat-Beat MKII Telemetry,
and Telemetry ELSSE.* The two radar systems were controlled by the Air
Force. The S-band provided position data by tracking the Saturn beacon.
The C-band was a backup, should the Saturn beacon fail. LOD had eight
UDOP stations in the Cape area, each connected by RF data links to a cen-
tral recording station in hangar D. The Beat-Beat MKII Telemetry employed
two baselines: one set of antennas located south of LC-34 determined
whether the rocket made its proper turn out to sea; the other set, southwest
of LC-34, ascertained flight path deviations downrange. The UDOP Beat-
Beat system would fly on SA-1 as an experimental package.?®

White’s team employed a test transmitter to check out the UDOP sta-
tions. The test team simulated launch vehicle movement by varying the
transmitted frequency. A drop in frequency simulated velocity away from
the receiving station; conversely, a frequency increase represented rocket
movement toward the receiver. These response tests checked the data-link
equipment as well as the eight UDOP receiving sets. Preparation of the Beat-
Beat systems included ‘‘walking the antenna,’’ a basic test, but one which
pointed up the importance of the tracking unit’s work." First, antenna con-
nections were broken at one end of the baseline. Then a team member,
equipped with a hand antenna and field telephone, walked a certain distance
to set up a new baseline. Launch vehicle signals received at the new baseline
indicated a theoretical rocket deviation from the previous flight path (read at
the old baseline), the degree and direction of the deviation depending on the
man’s new location. By correlating the deviation and the new baseline,
White’s team determined whether the Beat-Beat system was functioning
properly.?®

*See footnote on p. 45 for descriptions of Beat-Beat and UDOP. Azusa dated back to the early
1950s and was named after the southern California town where the system was devised. The Azusa
ground station determined the vehicle transponder’s position by measuring range and two direction
cosines with respect to the antenna baselines. ELSSE (Electronic Skyscreen Equipment) was used *‘to
determine angular deviations of the missile from the flight line. The system consists of two ELSSE
receivers placed behind the missile equidistant on either side of the backward extended flight line.”” W. R.
McMurran, ed., ““The Evolution of Electronic Tracking . . . at KSC,” p. 3.

"According to LOD veterans, an incorrect performance of this test had cost the Air Force its first
Thor shot several years earlier. After establishing its new baseline, an inexperienced contractor crew had
picked up an LOD test transmitter frequency rather than the Thor’s RF. Getting the opposite results from
what they expected, the team had rewired the indicating device. When the Thor was launched, the range
officer destroyed it unnecessarily, because the Beat-Beat system indicated a westward flight toward
Orlando.
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SA-1 required many modifications of equipment and procedures; as
early as the second week the activities report listed among its major events,
““engineering changes underway.’’*® Characteristic of first launches, SA-1
was the most difficult and time-consuming of the Saturn block I launches.
Robert Moser altered the schedule, when necessary, at the daily operations
meeting in blockhouse 34.3!

The scheduling committee planned an RF compatibility test for the
midway point in the eight-week checkout (see table 3). The test was a major
one for SA-1, marking the first time the vehicle stood alone (service structure
removed from pad) for a complete check of the radio systems. Power was ap-
plied to the vehicle’s RF systems to transmit signals to Cape receiving sta-
tions for telemetry, radar, and command and control. The launch team was
particularly interested to see if the test would cause any interference in the
command destruct system. Earlier launch programs had involved two to four
telemetry links. SA-1’s eight links increased the possibility of carrier and sub-
carrier frequencies beating against each other to produce harmonics that
would feed back into receiving antennas. The effect might introduce
spurious signals into the command destruct system.* The operations served
both a validation and confidence function, proving each radio channel’s per-
formance and demonstrating that no serious interference would enter the
destruct system. As an unexpected bonus, the test also demonstrated the
launch vehicle’s stability. Shortly after removal of the service structure, a
sudden September squall subjected the rocket to 48-kilometer-per-hour
winds without ill effect.??

LOD started integrated systems tests in the fifth week of checkout.
Overall test (OAT) #1 (mechanical and network) was the first run of the
launch vehicle’s sequencing system, the relay logic that controlled the last
minutes of countdown. OAT #2, a ““plugs-drop test,”’ put the vehicle on in-
ternal power with ground support disconnected. The key overall test, the
guidance and control OAT #3, pulled all systems together in a check verify-
ing the previous five weeks’ work. The launch team began preparations for
the test Saturday, 23 September. The advance work fell into seven categories:
vehicle networks, ground networks, mechanical, electrical support, measur-
ing, RF, and navigation. Vehicle network requirements included the connec-
tion and verification of telemeters, calibrators, radars, and 60 test cables,
e.g., the Thrust OK Switch Engine #3 test cable. The checkout on Monday
morning went well; MSFC officials were increasingly confident that SA-1
would fly.»

*In a subsequent Saturn | checkout, after additional telemetry links had been added and before
LOD adopted a digital command receiver, the launch team had considerable trouble with interference in
the command channel.
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TABLE 3. RF INSTRUMENTATION TEST PROCEDURES, SA-1
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inutes prior to launch).

Telemeter 1, 2, 3,4, 5,6, 7, and 8 ON
Auxiliary Equipment ON

Azusa ON

UDOP ON

C-Band beacon to FILAMENT
S-Band to FILAMENT

Command Receiver +1 ON
Command Receiver +2 ON

Telemeter Calibration to PREFLIGHT
Telemeter Calibration Command to 50%
Radars ON and away from pad

Telemeter Recording ON
Telemeter Recording ON

C-Band Beacon to B+
S-Band Beacon to B+

Telemeter calibration command to 0% for 10 sec.
Telemeter calibration command to 100% for 10 sec.
Telemeter calibration command to 0%, 25%, 50%, 75%,
100%, 0% in 2 sec. increments

Telemeter calibration to INFLIGHT

Telemeter calibration command ON & OFF

Command Carrier ON

Check Azusa and report verbal readout to Test Conductor
Interrogate C- and S-Band Beacons and report verbal
readout to Test Conductor

Cutoff command on request of Test Conductor
Destruct command on request of Test Conductor
Switch transmitters as required by Range and repeat
functions

Secure Command Carrier

Command Receiver #1 OFF

Command Receiver #2 OFF

Telemeters 1, 2, 3,4, 5, 6, 7, and 8 OFF
Auxiliary Equipment OFF

clemeter Recording OFF
Telemeter Recording OFF

Azusa OFF (or sooner if RANGE readout is complete)
UDOP OFF

C-Band Beacon OFF (or sooner if RANGE readout is
complete)
S-Band Beacon OFF (or sooner if RANGE readout is
complete)

Source: **Saturn Test Procedures, RF Instrumentation Test SA-1 (4-LOD-3),"" Robert Moser papers. This test for-
mat is similar to, but briefer than, most of the several hundred other procedures prepared by LOD for SA-1.

Symbols:

M
T™M-D
T™M-B
RANGE

Firing Room Measuring Panel

LOD Telemeter Station Hangar D
Blockhouse 34 Telemeter Station

Items for Test Conductor and Safety Officer
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By early October the original launch date of the 12th had slipped eight
days. On the 4th the launch team conducted the LOX loading test, a major
exercise for SA-1 since it represented the first integration of the Cape’s
cryogenic support equipment with the Saturn vehicle. LOD followed this
successful exercise with another plugs-drop test on the 10th. Engine-swivel
checks were completed by the end of the week. The launch team began the
ninth week of checkout with the simulated flight test, the last major preflight
test. Robert Moser’s 43-page procedure covered preparations for launch, the
last 90 minutes of countdown, and activities for 5 hours after liftoff. The test
went well, but MSFC delayed the launch another week while its Saturn Of-
fice debated the merits of adding more sensors near the base of the booster to
provide additional information on the critical bending during the first 35
seconds of flight. It was finally decided that SA-1’s instrumentation was ade-
quate and the launch was set for 27 October. During the last week, LOD
completed ordnance fitting (the command destruct system) and repeated the
simulated flight test.?*

The Launch of SA-1

Prelaunch preparation began at 7:00 a.m. on 26 October 1961.
Mechanical Office tasks that morning included inspection of the high
pressure gas panel, cable masts, and fuel masts; ordnance installation; and
preparation of the holddown arms. At 12:30 p.m., Thomas Pantoliano’s
12-man propellants section checked out the RP-1 fuel facility while Andrew
Pickett’s team pressurized the helium bottle. RP-1 loading began an hour
later. The propellant team filled the launch vehicle’s tanks to the 10% level,
using a slow, manual procedure of approximately 750 liters per minute to
check for leaks. A leak in the fuel mast vacuum breaker was easily repaired,
and at 2:30 p.m. the launch team cleared the pad for the automatic ‘‘fast
fill’* operation. Fuel flowed into the launch vehicle at 7570 liters per minute,
reaching the 97% level in about 35 minutes. The propellants team then
reverted to the “‘slow fill’’ procedure. As the design of the Saturn included a
fuel drainage system, Pantoliano’s crew placed 103% of the required RP-1
aboard the Saturn. Just before launch, the propellants team would take a
final density reading and drain sufficient kerosene to achieve the desired
level .3

The ten-hour countdown started at 11:00 p.m. as LC-34 switched to
the Cape’s emergency generating plant. This facility supplied the launch
team a current relatively free of the fluctuations common in commercial
power. The Saturn’s electrical circuits and components began warming up
when vehicle power was applied at T — 570—570 minutes before launch time
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exclusive of holds. Five minutes later the measuring panel operator turned on
the eight telemetry channels. A series of calibration checks followed. At
T-510 range and launch officials initiated an hour of radar checks.3®

Loading of liquid oxygen started after 3:00 a.m. on the 27th
(T —350). The Saturn’s LOX tanks were 10% filled to check for leaks in the
launch vehicle or in the 229-meter transfer line, as well as to precool the line
for the fast flow of super-cold LOX. While the automatic fast fill from the
473000-liter LOX storage tank employed a centrifugal pump, the 10%
precooling operation relied on the pressure in the reservoir. The 10% level in
the Saturn’s tanks was maintained for the next four hours by feeding LOX
from the 49 000-liter replenishing tank.?’

Testing of command and communication systems began at T -270.
The flight control panel operator activated the guidance system’s stabilized
platform, the ST-90, to check pitch, roll, and yaw response. Ten minutes
later the network panel operator placed the vehicle on internal power to en-
sure that the Saturn’s batteries functioned properly. Meanwhile other
engineers conducted Azusa, UDOP, radar, and telemetry checks. The opera-
tion was over by T —255, and the launch vehicle was returned to external
power.8

Two hours from the 9:00 a.m. scheduled liftoff, an unfavorable
weather report prompted launch officials to call a hold. When the count
resumed at 7:34 a.m., the launch team rolled the service structure back to its
parking area, 180 meters from the rocket. The propellants team set up the
LOX facility for fast fill at T~ 100. The order to clear the pad came 20
minutes later; the blockhouse doors swung shut at T —65. One hour from
launch the pad safety officer gave his clearance and the propellants team in-
itiated a 6.5-minute precool sequence, a slow fill to recool the main LOX
storage tank line, which had not been in use for four hours. When the
“Precool Complete’’ light flashed on, the LOX facility’s pump began mov-
ing 9500 liters per minute into the Saturn. In 30 minutes the tanks were 99%
full. LOX loading changed over to the replenish system. An adjust-level
drain* had already been made on the RP-1 tanks, bringing the fuel level
down to 100%.%°

Launch officials, concerned that a patch of clouds over the Cape
might obscure tracking cameras, called a second hold at 9:14 a.m. A north-
east breeze was soon clearing the skies, and within half an hour the count-
down resumed. During the last 20 minutes, the launch team made final

*Establishing an exact ratio of RP-1 to LOX was important since simultaneous depletion of pro-
pellants at cutoff was desired. Flight data later indicated a 0.4% deviation in the RP-1 fuel density sensing
system, 0.15% above design limits. Too much LOX (400 kilograms) and not enough RP-1 (410
kilograms) were therefore loaded. The error contributed to a premature cutoff 1.6 seconds ahead of
schedule.
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checks of telemetry, radar, and the command network. Automatic count-
down operations commenced at T — 364 seconds. A sequencer or central tim-
ing device controlled a series of electrical circuits by means of relay logic;
i.e., if event A occurred (e.g., opening a valve), the sequencer triggered event
B, and so on through the required functions to liftoff. The sequencer
monitored tank, hydraulic, and pump pressures; ordered a nitrogen purge of
the engine compartment; and closed the LOX tank vents to pressurize the li-
quid oxygen. The Saturn vehicle switched to internal power at T —35
seconds. Ten seconds later the sequencer ejected the long cable mast. The
pad flush command at T-5 seconds began a flow of water around the
launcher base. At that time, a number of possible malfunctions (a premature
commit signal, insufficient thrust in one or more engines, rough combustion,
short mast failure, detection of fire, or voltage failure) could still cause the
automatic programmer to terminate the countdown.*

Away from launch complex 34, Cape watchers gazed uncertainly at
the Saturn rocket as the countdown neared completion. No previous maiden
launch had gone flawlessly, and the Saturn C-1 was considerably more com-
plicated than earlier rockets. LOD officials gave the rocket a 75% chance of
getting off the ground, a 30% chance of completing the eight-minute flight.
Although odds on a pad catastrophe were not quoted, launch officials
acknowledged their vulnerability. With the construction of LC-37 barely
begun, a pad explosion could delay the Saturn program a year. Critics had
questioned the wisdom of the clustered booster design. Propellant pumps
were supposedly reaching design limits and the Saturn C-1 had 16 pumps in
eight engines. Local wags derisively referred to the SA-1 launch as “*Cluster’s
Last Stand.”%!

Saturn backers, while expressing confidence in the rocket, were con-
cerned about its launch effects. During test firings at Redstone Arsenal,
residents 12 kilometers away had reported shattered windows and earth
tremors. The launch team had set up panels and microphones at the Cape to
register the Saturn’s shock and sound waves. At the press site, 3 kilometers
from pad 34, reporters were issued ear plugs as a precautionary measure.
LOD officials had assured local residents that fears of the rocket were exag-
gerated. Still, everyone wondered what it would be like. The moment of
truth came at 10:06 a.m. Contrary to popular belief, no one pushed a firing
button to send SA-1 on its way. Launch came when the sequencer ordered
the firing of a solid propellant charge. The gases from the ignition ac-
celerated a turbine that in turn drove fuel and LOX pumps. Hydraulic valves
opened, allowing RP-1 and LOX into the combustion chambers, along with
a hypergolic fluid that ignited the mixture. The engines fired in pairs,
developing full thrust in 1.4 seconds. A final rough combustion check was
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Fig. 24. Liftoff of Saturn I. Note the long cable
mast falling away on the right.

followed by ejection of the LOX and RP-1 fill masts from the booster base.
The four hold-down arms released the rocket 3.97 seconds after first igni-
tion. SA-1 was airborne.

Spectators saw a lake of flame, felt the rush of a shock wave, and then
heard the roar of the eight engines. Trailer windows at the viewing site shook
in response to the Saturn’s power. Yet for many of the thousands watching
the launch, the roar was a letdown. Reporters thought the sound equaled an
Atlas launch viewed at half the distance.* The Miami Herald headline the
next morning read: ‘““Saturn Blast ‘Quieter’ Than Expected.’’?

Although the Saturn’s roar failed to meet expectations, the human
noise at LC-34’s control center was impressive. Bart Slattery, a NASA infor-
mation officer, told reporters that when the rocket passed maximum Q
(point of greatest aerodynamic pressure) at about 60 seconds into the flight,
‘‘all hell broke loose in the blockhouse.’” Kurt Debus’s face reflected the
happy sense of accomplishment hours later when he informed the press that
it had been a nearly perfect launch.*?

*Marshall Center scientists, after studying readings taken in nearby communities during launch,
explained that weather conditions were such that sound was absorbed by the atmosphere. As a result,
sound levels were less than those experienced during static firings at Huntsville,
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The success was particularly welcome to the Kennedy administration,
coming at a time of high tension between the United States and the Soviet
Union. The raising of the Berlin Wall had stunned the Western world in
August 1961. President Kennedy had responded with a partial mobilization
of U.S. reserve forces, but most political analysts considered the events a
Russian victory. In late October, as the Soviet Union prepared to test a
50-megaton H-bomb, the President had proposed a massive fallout shelter
program. On the day of the SA-1 launch, Russian tanks moved into East
Berlin for the first time in several years.

The space race was an important element in a Cold War that threat-
ened to turn hot. With the success of the Saturn booster, the United States
had achieved a launch capability of 5.8 million newtons (1.3 million pounds
of thrust). Space reporters were quick to point out the limits of the American
success. The Soviet Union already had workable upper stages for their first
stage. Furthermore, the current Russian tests in the Pacific would likely
result in sizable booster advances. Despite these caveats, commentators
agreed that SA-1 was an important step toward a lunar landing.*


https://landing.44

4

Oricins or THE MoBiLE MoONPORT

Ambitious Plans and Limited Space

The original commitment of the Saturn program to a Cape Canaveral
launching site was for the research and development launches only.* A launch
site for operational missions remained an open question long after construc-
tion started on LC-34. Four major questions were involved: Would blast and
acoustic hazards require an isolated—perhaps offshore—launch pad for
larger Saturn rockets? If not, could the pads be safely located on the coast of
Florida or elsewhere—Cumberland Island, Georgia, perhaps? Would the
Saturn become America’s prototype space rocket? If so, how many Saturn
launches per year would be required? In the midst of these questions was one
stern reality: Cape Canaveral was running out of launching room.

By early 1960 the Cape resembled a Gulf Coast oil field. Launch
towers crowded the 16 kilometers of sandy coastline with less than a kilome-
ter of palmetto scrub separating most of the pads. The busy landscape testi-
fied to the recent advances in America’s space program, but the density of
the launch pads posed a problem for NASA and Air Force officials. Launch
programs were under way for Titan, Polaris, Pershing, and Mercury; plans
for Minuteman and Saturn were well along. A Department of Defense
management study, prepared in April 1960, reported that the Atlantic Missile
Range was ‘‘substantially saturated with missile launching facilities and flight
test instrumentation.”! This seconded a 1959 congressional study that criti-
cized the range’s severe shortage of support facilities.> With the siting of the
second Saturn launch complex (complex 37) near the northern boundary of
the range, launch officials were running out of real estate.

The lack of room at the Cape did not deter Marshall Space Flight
Center personnel from preparing plans for 20, 50, even 100 Saturn flights a

*In mid-1960, 10 R&D launches were scheduled. LC-34 was to launch the first four Saturn C-1
shots (testing the booster). Six subsequent C-1 R&D missions with upper stages would be launched from a
modified LC-34 and from LC-37. The latter complex would also be used for an undetermined number of
C-2 R&D shots. Operational launches were still very tentative; a NASA Headquarters schedule in late
1960 called for 50 C-1 and C-2 launches between 1965 and 1970, 20 of them concerned with the Apollo
program (reentry tests, earth orbital missions, and circumlunar missions).
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year. The Army’s failure to carry out Project Horizon and put a squad of
men on the moon had not dulled Hermann Koelle’s enthusiasm (page 11).
Now under NASA, his Future Projects Office was investigating earth-orbital
space stations, a permanent scientific facility on the moon, a ‘‘switchboard
in the sky’’ to serve communications satellites, and manned exploration of
Mars. The last project would extend into the 1980s and involve sending
several spaceships to that planet.?

NASA’s ability to implement Koelle’s plans depended upon the devel-
opment of the launch vehicle in Huntsville. With the Saturn C-1 off the
drawing boards, Huntsville planners were working on Saturn C-2. This three-
stage rocket was to use the two stages of the C-1 configuration and insert a
new second stage incorporating Rocketdyne’s J-2 engine. A cluster of four
J-2s, fueled by liquid hydrogen and liquid oxygen, could produce 3 520000
newtons (800000 pounds of thrust), giving the C-2 a total of 10428 000 new-
tons (2370000 pounds of thrust). The C-2 could carry a payload 2.5 times
that of the C-1; large enough to send a 3630-kilogram manned spacecraft to
the vicinity of the moon, that payload would still be far short of what was
needed for a direct ascent lunar landing (flying one spacecraft to the moon,
landing, and returning to earth). An alternative to direct ascent was the use
of earth-orbital rendezvous. This scheme involved launching a number of
rockets into earth orbit, assembling a moon rocket there, and then firing it to
the moon. NASA officials estimated that an earth-orbital rendezvous would
take six or seven C-2 launches to place a 3630-kilogram spacecraft on the
moon, nine or ten launches for a 5445-kilogram spacecraft. With this in
mind, Koelle warned Debus at a 15 June 1960 meeting that such programs
might require as many as 100 C-2 launches annually.*

Debus considered Koelle’s projections plausible. Future Projects Of-
fice charts indicated that the cost per launch vehicle might drop as low as $10
million at the higher launch rate. If the space program received 3% of the an-
nual gross national product for the next two decades, the American launch
program could reach 100 vehicles per year.®> A launch rate of such magnitude
seemed unrealistic to other Launch Operations Directorate (LOD) members
in light of their experience with the Redstone and Jupiter missiles—programs
that had not exceeded 15 launches per year. Some doubted the Atlantic
Missile Range’s capability to sustain so large an operation, as well as the na-
tion’s willingness to fund it. Aware of the impact his program would have on
LOD, Koelle asked Debus to determine the highest possible firing capability
for Saturn from the Atlantic Missile Range.®

There was general agreement within LOD that launch procedures at
complex 34 could not satisfy the Future Projects Office plans. Debus and his
associates estimated that LC-34 could launch four or five vehicles per year,
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depending upon the degree to which checkout was automated. This allowed
two months for vehicle assembly and checkout on the pad and a month for
rehabilitation after the launch. With its two pads, LC-37 could handle six to
eight launches annually.” The two complexes together barely satisfied Koelle’s
lowest projection for the C-2 study (12 launches annually); 48 Saturn launches
per year would require at least 10 launch pads. Since the protection of rockets
on adjacent pads might entail a safety zone of nearly 5 kilometers, a Saturn
launch row could extend 48 kilometers up the Atlantic Coast. Purchase of
this much land would be a considerable expense, and the price of maintaining
operational crews for 10 pads would eventually prove even more costly. Lim-
ited space, larger launch vehicles with new blast and acoustic hazards, a
steeply stepped-up launch schedule—all combined to set up a study of new
launch sites for the Saturn. How and where to launch the big rocket?

Offshore Launch Facilities

As early as 1958, Livingston Wever, a member of the Army Test
Office’s Facilities Branch, had proposed the use of a modified Texas Tower*
as an offshore launching platform for big rockets. Concerned about the
Saturn’s noise-making potential, Wever renewed his proposals in March 1960.
Preliminary calculations, extrapolated from the noise levels measured during
Atlas booster tests, indicated the Saturn C-1 would generate acoustical levels
as high as 205 decibels at a distance of 305 meters from the launch pad.
Peaks of 140 decibels, the threshold of pain, could be expected more than
3000 meters from the pad. Wever was particularly concerned that the Saturn
vehicle might emit a shock wave in the early stages of its trajectory (at heights
from 600 to 900 meters) that would cause serious damage in nearby towns.
He proposed to solve the acoustical problem by moving the launch platform
to a structure 169 kilometers southeast of Cape Canaveral and 56 kilometers
north of Grand Bahama Island. Wever noted that ‘“‘because of the shallow
waters and slight tide actions in the proposed area, it would not be unfeasible
to construct a rugged, but unadorned, steel platform as large as 500 feet [150
meters] square, not only for immediate static tests of the Saturn, but also for
actual launchings of the Saturn and large boosters of the future.”” Venting
the rocket’s exhaust into ocean water would save the cost of an expensive

*Named for their similarity to offshore oil rigs in the Gulf of Mexico, Texas Towers were skeletal
steel platforms built in the mid-1950s by the Air Force. The structure's massive triangular platform, sup-
ported by three 94-meter stilt-like legs, provided space for three large radars and a 73-man crew, Three of
these towers were placed about 128 kilometers off the northeast coast of the U.S. to provide early
warning of air attack.
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flame deflector. Wever also anticipated savings on the construction cost of
the firing room (blockhouse).?

Wever’s proposal met with mixed reactions at the Army Test Office’s
Facilities Branch. Although Nelson M. Parry, assistant branch chief, ap-
proved Wever’s effort to circumvent blast and acoustical problems, Parry
disagreed with the solution. Parry himself had been working on plans to
develop artificial islands for several years. In a study completed December
1958, entitled ‘““Land Development for Missile Range Installations,”” Parry
proposed an artificial island large enough to contain a blockhouse, instru-
mentation, camera mounts, fuel storage, and launch pad and tower. His
process involved pumping sand from the shallow waters just off the Cape.
Parry estimated that an artificial island 1.6 kilometers square, with a mean
elevation of 1.8 meters above high water, could be constructed for $9 million.
This compared favorably with the $11 million cost of one Texas Tower in
the early warning defense system. More important, the island would be a
fixed platform; the Texas Towers swayed in moderate winds. Parry also
objected to Wever’s proposal to remove the launching site from the Cape to
the Bahamas. This would introduce problems of telemetry, coordination,
tracking, and camera coverage.’ Although supporting Parry’s landfill proce-
dures, Facilities Branch Chief Arthur Porcher considered the Banana River a
better site for an island than the ocean floor off the Cape. He thought that
any attempt to build up islands in the Atlantic would run into construction
difficulties.'”

In the Launch Operations Directorate, the job of evaluating offshore
launch facilities fell to Georg von Tiesenhausen’s Future Launch Systems
Study Office. Tall, thin, and scholarly in appearance, von Tiesenhausen’s
looks befitted his “‘think-tank”’ role. His interest in offshore launch facilities
dated back to World War II. Following the Allied bombing of Peenemiinde
in August 1944, von Tiesenhausen had recommended construction of
floating pads to permit the dispersion of V-2 static firings. His plan had em-
ployed two barges, with the missile emplaced on cross bars.!' At the Cape,
von Tiesenhausen assigned direct responsibility for studying offshore facili-
ties to Owen Sparks, a former U.S. Army colonel and the team’s unofficial
technical writer. Sparks’s first task was to prepare a preliminary survey for
Debus.

Sparks’s May 1960 report listed a number of launch problems for the
Saturn program. These included the shortage of space at the Cape, safety
hazards, and the problem of constructing an adequate flame deflector. The
noise factor merited attention but was secondary. He suggested locating an
offshore launch complex downrange in the nearest ocean area with a depth
of 15 meters of water. He believed such a site would satisfy the requirements
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of blast absorption without unduly complicating range support. Since marine
construction involved a great many problems, the design should be as simple
as possible. Sparks recommended the use of a stiff-leg derrick combined with
the umbilical tower to reduce gantry requirements, and the employment of a
knock-down mobile service structure. Beyond provision for both static firings
and launches, any offshore facility should, he said, be expansible into a
multipad complex.'?

Sparks followed his first estimate with a preliminary feasibility study in
late July 1960. His rationale for an offshore launching site had not changed.
An evaluation of a half-dozen facilities favored the Texas Tower. This kind
of facility, Sparks noted, could be placed in deep water where blast and
sound posed no problems. Among other advantages, the offshore location
would provide unlimited room for expansion, and fuel supplies could be kept
on barges at a savings, compared to storage facilities on land. Sparks was no
longer certain that the exhaust should be vented into the ocean—the resulting
waves might damage the pad. Major disadvantages of a Texas Tower in-
cluded the high cost of marine construction, the logistical problems of water-
borne support for the facility, and the difficulty of providing a stable plat-
form for handling vehicle stages and propellants. Sparks suggested further
investigation of oceanographic conditions and their effects on launch struc-
tures, platform stability, and space vehicle requirements. '3

Texas Tower vs. Landlfill

Under increasing pressure to develop a greater launching capacity,
LOD spent early 1961 examining the merits of offshore facilities and landfill
proposals. In February the Office of Launch Vehicle Programs at NASA
Headquarters asked LOD to step up its planning. Samuel Snyder, assistant
director for Launch Operations, feared a pad explosion might shut down
both LC-37A and LC-37B, and this in the face of a possible demand for
nearly simultaneous C-2 firings on rendezvous missions. With space at the
Cape already in short supply, he predicted it might be further limited if the
Air Force stepped up its Dyna-Soar (glider-bomber) program. He asked
LOD to plan a third fixed complex for FY 1963. Although Debus objected
that the Saturn schedule did not at that time warrant an additional launch
complex, LOD continued studies to find additional space.'*

Debus then asked Col. Asa Gibbs in the NASA Test Support Office
to obtain information on the cost of land reclamation, in either the Atlantic
Ocean or the Banana River. Debus said he needed space for three additional
dual-pad complexes and wanted to compare the expense of this operation
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with offshore Texas Tower facilities." Gibbs’s office responded on 9 March
with two proposals for land development in the Banana River using
hydraulic fill. A ““‘maximum’ concept involved filling approximately 2.5
square kilometers of Banana River tideland. The pad and support areas
would rest on compacted earth about five meters above mean low water, Two
of the proposed launch complexes could be built in this area, with the third
pad on existing land north of LC-37. The total cost was $25 200 000. A ‘‘min-
imum”’ concept provided for two islands in the Banana River, each 610 me-
ters in diameter, with 15-meter-wide causeways to link each island with the
Cape, and a cost of $5 830 000.'® Debus asked Gibbs in early April to secure
Atlantic Missile Range approval for the tentative siting of the larger plan.'”

At the same time, the survey of offshore facilities was accelerated.
Concerned by a recent report on the blast hazards of the liquid hydrogen
engine, Debus established an ad hoc committee under von Tiesenhausen’s
direction to select contractors who would conduct the offshore study. Early
in February, Debus set the scope of the study. It should include expansion of
the Cape northward by reclaiming and pumping up land; semi-offshore sites
using Texas Towers or manmade islands; an offshore launch complex at
some distance from the Cape; and a floating pad capable of location any-
where on the oceans.'® Plans to solicit proposals moved ahead in February
and March, but the offshore launching sites encountered heavy going. Sparks’s
study, submitted to Debus on 4 April, failed to satisfy the Director. He
thought that transferring present launch methods to a Texas Tower would
not suffice.'

Offshore facilities received a further setback in May with the presen-
tation of Nelson Parry’s land development scheme. Parry’s list of
drawbacks, two pages long, reflected the results of his interviews with Launch
Operations personnel. Disadvantages included higher construction and main-
tenance costs, increased problems of communications and logistics, and a
morale problem. While Parry's report did not give specific costs for remote
offshore facilities, he was certain that land development would be cheaper
than Texas Towers. His cost estimate sheets, prepared by James Deese of the
Facilities Design Group, further indicated that building islands on the Atlan-
tic shelf would be much more expensive than reclaiming land in the Banana
River. A 2.3-square-kilometer island, 16 kilometers off the Cape, would cost
$12.7 million; an island of 15 square kilometers, $59.9 million. He contrasted
these figures with price tags of $18.7 million for dredging 7 square kilometers
in the Banana River and $16 million for buying 750 square kilometers on
Merritt Island.?® Working independently, Rocco Petrone’s Heavy Launch
Vehicle Systems Office reached similar conclusions. The construction costs
for causeways in the Florida Keys convinced them that the expense of build-
ing facilities in the ocean east of the Cape would be prohibitive.?!
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The ad hoc committee finally selected two study contractors on 15
May, but events rendered the C-2 offshore launch study moot. Marshall
planners dropped the proposed rocket and started planning for a larger C-3
model. An even more decisive vote was cast by the Air Force-NASA Hazards
Analysis Board (below, pp. 87-88), which found that ‘‘operational hazards for
liquid and solid boosters did not dictate going to offshore launch sites.”*?*
Large vehicles could be launched from the coastline if Merritt Island was
purchased as a safety zone. On 24 May, Debus told von Braun the contracts
would not be let as the studies were no longer required.?’ Perhaps the biggest
reason for the verdict against offshore facilities was seldom mentioned. In
January 1961, a Texas Tower, part of the U.S. Air Force early warning
system, had disappeared in a heavy storm with a loss of 28 lives.* Despite
assurances from engineers that a similar catastrophe could be avoided, LOD
leaders did not want the task of convincing Congress and the American pub-
lic that an offshore facility would be safe against storm hazards.

The Mobile Launch Concept

During the early months of 1961, LOD took under consideration a
third launch alternative, one that would eventually place men on the
moon—the mobile launch concept.* The great advantage of a mobile launch
concept lay in its promise of faster launch operations. With the fixed launch

operation, e.g., SA-1 at LC-34, all rocket systems were mated and went
through a thorough checkout at the pad. In the new scheme, LOD proposed
to mate the vehicle and conduct these checks in an assembly building some
distance from the pad. Only a brief prelaunch checkout at the pad would be
needed to verify the rocket systems. Two digital computers, one in the launch
control center and one on the transporter, would accelerate the checkout
program and detect any change in rocket systems that might occur during the
transfer to the pad. The computers were part of an automatic checkout
system under development at Huntsville. By combining a mobile concept and
automation, LOD leaders expected to reduce time on the pad from two
months to no more than ten days.

There were other advantages to a mobile concept. Cape weather had
corroded earlier rockets and might affect an exposed Saturn. An assembly
building would provide cover for both the launch vehicle and the launch

*Concept vied with interface for first place in Cape Canaveral jargon. Meaning of concept ranged
from the first “*batting around’ of an idea to its fruition in a multi-million-dollar building or procedure.
While the authors have tried to limit their use of the term, they confess to ill success especially in the early
davs when LOD planners were dealing with many contingencies and termed each tentative plan a concept.
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team. Having worked on rockets in the open, LOD leaders knew how dif-
ficult it could be for technicians laboring in wind, rain, and lightning at the
upper levels of the space vehicle. Finally the mobile concept offered consider-
able savings in labor costs. Concentrating the work force in one assembly
building, rather than on the ten pads projected for 48 launches per year,
would reduce personnel requirements substantially.

The idea of assembling a rocket in a location remote from the pad and
then moving it to the launch area dated back to World War II. At Peene-
munde the German rocket team had transported V-2s in a horizontal attitude
to a hangar where they were erected in checkout stalls. Following transfer to
a rail-mounted static-firing tower, each V-2 was rolled out in a vertical atti-
tude—sitting on its tail—for an engine calibration test and static firing. The
missile received a final checkout in the hangar before being placed horizon-
tally on a Meillerwagen for the ride to the launch site.?* Both the Redstone
and Jupiter programs had employed a mobile launch concept with the
rockets traveling from assembly building to pad in a horizontal attitude.
LOD officials had hoped to use the same principle at LC-34, but time and
money dictated otherwise. The Saturn C-1 test series permitted at least four
months between launches, which was enough time to assemble and check out
each vehicle on the pad.

Space planners outside NASA appreciated the merits of the mobile
concept. The Air Force in 1960 had commissioned the Space Technology
Laboratory to determine an optimum vehicle system for military use from
1965 to 1975. Entitled ‘“The Phoenix Study Program,’’ the work was subse-
quently completed by Aerospace Corporation and the Rand Corporation in
June 1961. One of the recommendations of the study was an integration
building where assembly and checkout could be completed before the vehicle
was moved—sitting on its tail—to the firing area. It was estimated that pad
time for the Atlas-Agena could be reduced from 28 days under the current
operation to 5 days with a mobile system.2% In similar fashion, two Saturn
C-2 launch studies, conducted by the Martin Company and Douglas Aircraft,
concluded that Marshall’s high launch rates would require a mobile complex.

The Mobile Concept—Initial Studies

Although LOD officials had appreciated the advantages of a mobile
launch system for years, a Russian space achievement provided the impetus
for the study that culminated in launch complex 39. Reports in early 1961
indicated a Russian capability of launching rockets from the same complex
within a few days’ time. LOD leaders saw a need to reassess American launch
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methods. Appropriately, considering the thousands of hours of overtime put
into the future moonport, the initial plans were laid after duty hours. On the
first weekend in February 1961, Debus discussed a new Saturn launch con-
cept with Theodor Poppel and Georg von Tiesenhausen. At the end of the
meeting, von Tiesenhausen was given the task of preparing several mobile
launch alternatives.?’

After von Tiesenhausen’s Future Launch Systems Study Office began
work in mid-February 1961, time clocks were ignored. One team member
wryly recalls the two weeks compensatory time he enjoyed later in the year as
scant repayment for the many hours of overtime devoted to the study. The
survey considered moving the rocket from assembly area to pad in either a
horizontal or vertical attitude and by barge or rail.®

While the Study Office examined the new proposal’s impact on launch
facilities, other LOD officials considered operational aspects. At a 21 March
staff meeting, Debus challenged his subordinates to point up the concept’s
weakness. There was opposition, mostly on the grounds of cost. After a sec-
ond day of debate, Debus appointed a formal committee under Albert Zeiler
to consider the operational aspects. Any major problem area was to be
brought to his attention before 31 March, at which time Debus intended to
introduce the concept to the Marshall Space Flight Center Board. On 30
March, Rocco Petrone described the new plan to Abraham Hyatt, director of
NASA’s Office of Program Planning and Evaluation. The following day
Debus made his presentation before the Marshall Board. Von Braun and
other MSFC officials reacted favorably and asked for a comparison of verti-
cal versus horizontal transfer costs. Debus promised to provide the results of
an in-house survey in four weeks. The Board also considered hiring Connell
and Associates to conduct a more detailed investigation. On 10 April, LOD
officials briefed Gen. Don R. Ostrander, director of the Office of Launch
Vehicle Programs in NASA Headquarters, who exercised general manage-
ment over Marshall and LOD. Although receptive to the new launch con-
cept, Ostrander strongly opposed any idea of trying to incorporate it into
LC-37. Budgetary planning was too far along to permit extensive changes.
He cautioned Debus that any launch concept had to be compatible with the
launch vehicle. Reliability, rather than high launch rates, should serve as the
guiding principle.?’

The Future Launch Systems Office was ready by mid-April to submit
its findings to Debus. Included among numerous charts and drawings pre-
pared for the briefing was an analysis of the new proposals (table 4), from
which von Tiesenhausen’s group concluded that a mobile concept based on a
horizontal barge transfer was most economical.’® The projected cost advan-
tages of the mobile proposals were good news, especially at a rate of 48
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TABLE 4. COMPARISON OF PROPOSED LAUNCH COMPLEXES

Mobile complex Fixed pad
. - imi -37
Vertical transfer Horizontal transfer (smilac 1o LC-37)
Expensive assembly Economical assembly No environmental protec-
building building tion for vehicle during
assembly
Minimum loss by Minimum loss by Maximum loss by
catastrophe catastrophe catastrophe
Hurricane protection Hurricane protection No hurricane protection

Maximum vehicle handling Maximum vehicle handling Minimum handling of
assembled vehicle

Maximum R&D Maximum R&D Minimum R&D
Reconnect cables and retest Reconnect cables and retest No electrical or pneumatic
on pad on pad disconnections required
after checkout
Wind loads critical at Wind loads not critical at Wind loads critical during
transfer transfer erection

Operational costs using barge or rail transport from assembly area to pad,
and using a fixed pad (in millions of dollars)

At a launch rate of 8 per year:

DATEE .o ssiscests $125 ba_rge .............. $60 $60 (LC-37)

SRS L toanumnanons $210 | barge .............. $130 | 370 (6 LC-37s)

Source: O. K. Duren, Interim Report on Future Saturn Launch Facility Study, Future Launch Systems Study
Office, MSFC, MIN-LOD-DL-1-61, 10 May 1961.

launches a year. Other questions remained unanswered. The offshore studies
might still affect the choice of a launch concept. There was some question
about the delivery dates for automated checkout equipment. The latest word
from Haeussermann’s Guidance and Control Division placed complete auto-
mation three to four years away.

Despite these uncertainties, Debus was anxious to secure approval
from NASA’s top management for further studies. A meeting with Robert
Seamans, NASA Associate Administrator, was set on 25 April 1961 for this
purpose. Debus met with von Braun one week earlier to review Marshall’s
position on launch facilities. The two men agreed that work on LC-37 should
continue as planned. January 1964 was set as a tentative date for establishing
the LC-39 criteria, allowing LOD nearly three years to investigate the mobile
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concept. The Seamans briefing went well, and feasibility studies for the new
concept were authorized. The Associate Administrator told Debus to base
the planning for LC-39 on technical considerations; cost was not to be the
overriding factor.?!

Martin and Douglas Aircraft Companies, at work on the C-2 operational-
modes study since November 1960, were logical choices to conduct a feasibil-
ity study of the mobile launch concept. Both Martin and Douglas engineers
believed the present facilities would be satisfactory for a rate of 12 Saturns
per vear. For higher launch rates, a mobile concept was recommended ‘*‘be-
cause of more efficient utilization of personnel and equipment, and reduced
land requirements by virtue of its centralized assembly and checkout proce-
dures.’’*? Douglas recommended transporting the mated booster stages from
an assembly building in an upright position and adding the payload at the
pad. Martin employed a rail-mounted vertical transporter or A-frame and
called for mating the spacecraft in the assembly area with only propellant
loading and countdown left for the pad. Both companies agreed that a mo-
bile concept would provide more flexibility ‘‘because a greater latitude of
launch rates is realized for any given expenditure.’’ However, a Martin group
working on Titan at the Cape recommended that LOD continue to assemble
the rocket on the pad.??

NASA Plans for a Lunar Landing

The task of extending the Martin and Douglas study contracts to in-
clude the mobile concept was complicated by an unanswered question: what
rocket would be launched from LC-39? Since the fall of 1960, NASA offi-
cials had given much thought to ways of accomplishing a lunar landing. A
meeting in early January 1961 revealed the divisions within NASA as to the
best means to accomplish this goal. The Space Task Group, responsible for
Project Mercury, and the Headquarters Office of Launch Vehicle Programs
favored using the Nova rocket for a direct flight from earth to the moon.*
Marshall Space Flight Center advocated the use of several smaller Saturn
launch vehicles to rendezvous in earth orbit, refueling one vehicle for the
flight to the moon. A group at Langley Research Center supported a third
mode—a lunar-orbital rendezvous. This involved placing a spacecraft into
lunar orbit where it would detach a portion of the ship for the short trip to
and from the moon. During the month of January 1961, a committee headed

*Nova was the name used by NASA during 1959-62 to describe a very large booster in the
range of 44-88 million newtons (10-20 million pounds of thrust). The rocket never advanced beyond the
conceptual stage, as was also true of the Saturn C-2 and C-3.
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by George Low, Program Chief for Manned Space Flight, examined the
manned lunar landing program. The committee concluded in its 7 February
report that both direct ascent and earth-orbital-rendezvous methods were
feasible. Using the Saturn C-2, the latter could be achieved at an earlier date
(1968-69), but posed a high launch rate in a short period of time (six or seven
C-2s for a 3630-kilogram spacecraft) and a mastery of rendezvous tech-
niques. The direct ascent mode would take two years longer, depending on
the development of the Nova rocket.?*

Doubts about the adaptability of the Saturn C-2 to lunar landing mis-
sions appeared in March. Testifying before the House Committee on Science
and Astronautics, Abraham Hyatt said that the Saturn C-1 would be used
for an earth-orbiting laboratory and the C-2 for orbiting the moon. For mis-
sions beyond this such as a lunar landing, ‘‘payload capabilities greater than
that of the Saturn C-2 appear to be necessary.”’*® NASA officials had in
mind a Saturn C-3 employing the new F-1 engine. Under development by
Rocketdyne Corporation since January 1959, the F-1 burned the same fuel as
the H-1 engine in the Saturn C-1's first stage. The F-1, however, dwarfed the
H-1 in size and thrust: two F-1s in the proposed Saturn C-3 would produce
13344 000 newtons (3 000000 pounds of thrust), nearly double the lift of the
Saturn C-2’s proposed first stage.’®

NASA’s revised budget request of 25 March sought and obtained ad-
ditional funds for the Saturn C-2 launch vehicle and the F-1 engine. Plans to
accelerate C-2 development were announced 31 March, but the program was
shortlived. Marshall engineers concluded in May that a Saturn vehicle more
powerful than the C-2 was needed for circumlunar missions. Von Braun an-
nounced the demise of the C-2 the following month, at the same time stating
that NASA'’s effort would be directed toward a clarification of Saturn C-3
and Nova concepts.?’

May 1961 found LOD personnel grappling with a changing launch
vehicle, the dangers of blast and sound from the large vehicles, and the de-
mand for new launch facilities. The Director’s daily journal reflected the fre-
quent changes in the organization’s planning:

26 April - Marshall’s Future Projects Office initiated with LOD
help an extension of the C-2 operational modes study
(Martin and Douglas).

1 May - Debus informed NASA Headquarters that he would prob-
ably reorient launch study from offshore to mobile con-
cept,

9 May - Von Tiesenhausen directed to proceed immediately with
preparation and issuance of following studies: 1. C-2 off-
shore facilities with high firing-rate capability; 2. facility


https://concepts.37
https://stage.36

ORIGINS OF THE MOBILE MOONPORT 79

for a solid booster of 44-88 million newtons (10-20 million
pounds of thrust) from offshore, semi-offshore, and
land; 3. add $100 000 to the C-2 operational modes study
contracts to permit consideration of liquid-fueled vehicles
of 22-44 million newtons (5-10 million pounds of thrust).

12 May - Von Braun requested a consideration of modifying LC-37
to accept a booster with either two F-1 engines or a 20-
million-newton (4.5-million-pound thrust) solid motor.

15 May - Two contractors selected for offshore launch facilities
study.

23 May - Cancellation of offshore study as designed.

26 May - C-3 launch facility contract with Martin initiated.

29 May - Nova offshore contract initiated.

5 June - NASA Headquarters notified LOD that C-3 and Nova
studies were disapproved. Ostrander rescinded that dis-
approval at a Cape meeting.’*

The Fleming Committee

In Washington, President Kennedy’s announcement on 25 May spurred
NASA'’s examination of the requirements for a lunar landing. An ad hoc
committee chaired by William Fleming (Office of Space Flight Programs,
NASA Headquarters) was conducting a six weeks’ study of the requirements
for a lunar landing. The Fleming Committee, judging the direct ascent ap-
proach most feasible, concentrated their attention accordingly. They devised
a launch schedule employing Saturn C-1s for manned orbital flights in late
1964, a Saturn C-3 for circumlunar flights in late 1965, and a Nova, powered
by 8 F-1 engines, for lunar landing flights in 1967. Seamans was unwilling to
adopt the Fleming recommendations without a quick look at the rendezvous
thesis. In early June, Bruce Lundin, deputy director of the Lewis Research
Center, led a week-long study of six different rendezvous possibilities. The
alternatives included earth-orbital rendezvous, lunar-orbital rendezvous,
earth and lunar rendezvous, and rendezvous on the lunar surface, employing
Saturn C-1s, C-3s, and Novas. His committee concluded that rendezvous en-
joyed distinct advantages over direct ascent and recommended an earth-
orbital rendezvous using two or three Saturn C-3s. NASA officials were suf-
ficiently impressed to postpone a decision pending further studies.*”

The Fleming Report’s flight schedule caused some anxiety at the Cape.
During his 5 June visit, General Ostrander suggested that the committee’s
recommendations might force a reevaluation of the new mobile launch pro-
posals. In fact, the report indicated that the Saturn C-3 launch rate would
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not exceed 13 per year. This was a far cry from the Future Projects Office’s
revised projection of 30 to 40 annual Saturn C-3 launches. Debus called von
Braun to point out the significance of the Fleming schedule. LOD’s estimates
of the economic crossover point between fixed and mobile launch facilities
placed the figure around 15 launches per year. If NASA Headquarters
adopted the Fleming recommendations, conventional launch facilities would
probably be more appropriate. After checking into the matter, Marshall offi-
cials informed Debus that the 13 annual launches represented only a part of
the future Saturn C-3 launch rate. Earth-orbital flights and interplanetary
missions would keep the rate well above the economic break-even point for a
mobile launch facility.

Another troublesome matter stemming from the report had to do with
NASA’s possible use of solid-fueled rockets. The Fleming Committee’s pro-
posed launch vehicles included solid-liquid versions. In the C-3 configuration
three solid-propellant motors would take the place of the two F-1 engines in
the first stage. NASA Headquarters officials wanted the C-3 and Nova
launch study contractors to design a facility that could service solid as well as
liquid rockets. Debus objected, insisting that a ‘‘dual use’” facility would
penalize the liquid program. Solid motors, because of their greater weight
and blast, would require expensive modifications to either conventional facili-
ties or the new mobile concept. Furthermore, Debus was anxious to get the
C-3 launch facilities study started and detailed criteria for solid rockets were
not yet available. The difference of opinion took several weeks to resolve,
but LOD’s position prevailed. When LOD received data for the solid motors,
additional studies might be done. In late June, Martin started work on the
C-3 (liquid version) launch facilities study.!

Debus-Davis Study

The Fleming Committee’s final report, 16 June 1961, listed construc-
tion of the launch complex as a ‘‘crucial item’’ and recommended that a
“‘contractor immediately be brought aboard to begin design.”’*> One week
later Robert Seamans initiated a joint NASA-Air Force study of ‘‘launch re-
quirements, methods, and procedures’’ for the Fleming Committee’s flight
program. LOD would concentrate on establishing mission facility criteria;
Maj. Gen. Leighton I. Davis’s Air Force Missile Test Center would deter-
mine support facility criteria.*? In a second letter Seamans stated the study’s
objectives more precisely. The LOD-AFMTC team was to examine launch
site locations, land acquisition requirements, spacecraft and launch vehicle
preparation facilities, launch facilities, and launch support facilities.** The en-
suing four-week study produced the Joint Report on Facilities and Resources
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Required at Launch Site to Support NASA Manned Lunar Landing Pro-
gram (the Debus-Davis Report). Because of its major recommendation that
Merritt Island be the launch site for the Apollo program, the report will be
discussed at some length in the next chapter. But the study advanced LOD
thinking in regard to the mobile launch concept and must therefore be taken
up at this point.

Two of the ground rules governing the Fleming Committee compli-
cated LOD’s work on the subsequent Debus-Davis study. One was that inter-
mediate major space missions, such as manned circumlunar flights, were
desirable at the earliest possible date to aid in the development of the manned
lunar landing program. This envisioned a flight program using two radically
different launch vehicles, the C-3 and the Nova, and consequently two dis-
tinct launch procedures. The second involved NASA'’s intention to develop
liquid- and solid-propellant rockets on parallel lines. LOD planners would
have to calculate costs and requirements for a liquid Saturn C-3, a solid-
liquid C-3, a liquid Nova, and a solid-liquid Nova (table 5). The study was
further complicated by NASA’s decision to examine eight possible launch
sites (see p. 91). The launch team faced the plight of a dressmaker, called on
to outfit a beauty queen a month before she is selected from 50 contestants.*’

The men who developed the Apollo launch facilities recall this study
as one of the more hectic periods in the program’s history. Some planning
sessions extended into the early hours of the morning. One participant recalls
arriving at his Cocoa Beach motel on a Saturday evening with the Miss Uni-
verse contest on TV. To his wife’s amazement, his interest in feminine pul-
chritude gave way to fatigue and he was asleep before the final selection.
Work on the study continued right up to the 31 July deadline, and the report
was collated on the flight to Washington. Despite some embarrassing errors
on the charts prepared for the NASA-~Defense Department briefing, the 460-
page survey was a real achievement.*¢

TABLE 5. DIMENSIONS AND WEIGHTS OF PROPOSED
LAUNCH VEHICLES

Ist stage diameter Total length Weight at liftoff
(meters) (meters) (kilograms)

Saturn C-3, July 1961

liquid fuel 8.2 70.1 1254000

solid/liquid fuel 10.3 65.5 1881000
Nova, July 1961

liquid fuel 13.4 102.1 4336000

solid/liquid fuel 13.7 97.5 5561000

Saturn V, Dec. 1961 10.0 84.9 2860000
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A spirit of competition with the Air Force Missile Test Center spurred
on the LOD effort. Air Force personnel caused some friction by offering un-
solicited assistance in LOD areas. One such incident involved an Air Force
recommendation to build a liquid-hydrogen plant at Cape Canaveral. There
was uncertainty at this time as to how long liquid hydrogen could be stored at
20 kelvins (—253°C) and therefore a question as to how much production
capacity was needed. LOD officials considered the Air Force proposal
technically infeasible; the proposed plant’s electrical power needs would far
exceed what the central Florida area could reasonably provide. Instead LOD
wanted to purchase liquid hydrogen commercially, and the final report clearly
stated that view. Working relations during the study were generally good,
but some LOD officials believed that their Air Force counterparts wanted to
assume a larger role in the manned lunar landing program.?’

Debus appointed Rocco Petrone, Heavy Vehicle Systems Office, to
represent LOD on the study’s Executive Planning Committee. As a young
ordnance officer, Petrone had helped the Director launch the first Redstone
in 1953. Impressed by his work, Debus welcomed Petrone’s reassignment to
the launch team in July 1960. The joint study began Petrone’s rise to promi-
nence in the Apollo program. In various positions during the next nine years
he would direct the Saturn program, first the facilities planning and con-
struction, later the launch operations. He would acquire influence at the
launch center second only to Debus. Tenacity, intellectual honesty, aggres-
siveness, and ambition were the basic ingredients in Petrone’s advancement.
A native of Amsterdam, New York, Petrone had been a tackle on the
Blanchard-Davis teams at West Point. A determined pursuit of knowledge
characterized his tour with the Missile Firing Laboratory in the 1950s. Asso-
ciates recall that he devoured every piece of Redstone literature. His knowl-
edge of launch operations made him a logical choice for Saturn program
management. Petrone could get along well with people and even be charm-
ing. He demanded honesty, however, and did not hesitate to brand poor
work for what it was. Consequently, some controversy accompanied his suc-
cess. Described by intimates as basically shy and sensitive, Petrone displayed
an aggressive exterior. His drive made workdays of 12-14 hours typical.
Perhaps most important, Petrone’s high ambition matched the Apollo pro-
gram’s lofty goals.*®

Debus-Davis Report—Launch Concept

Although the mobile launch concept would not reach fruition for
another year, by July 1961 its four major features were clear:
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e Vertical assembly and basic checkout of the space vehicle on a mo-
bile launcher-umbilical tower, located within an industrial and
environmentally controlled building;

e Transfer of the assembled space vehicle and mobile launcher to the
pad for final checkout, fueling, and launching;

e Control of operations from a remote launch control center; and

* Automation of vehicle checkout and launch.

The Debus-Davis Report represented considerable progress since the
Study Office’s May report. All aspects of the Saturn concept were described
in greater detail, particularly the automated checkout. The flexibility that
would characterize LC-39 was evident. The basic concept assumed a launch
rate of 26 Saturns per year, but LOD plans allowed for additional pads and
assembly bays to accommodate higher launch rates and special missions in-
volving the launch of several vehicles in a brief period. Expediency dictated
that rail be the only form of transfer considered. There was not enough time
to prepare good cost estimates for canal and road. Further, LOD officials
were confident from their LC-34 experience that a rail system would work.*

One of the initial mobile concepts, the horizontal transfer, had been
eliminated by mid-1961 and was not mentioned in the Debus-Davis study. In
its May report the Study Office had noted ‘‘certain operational limits of the
horizontal transfer which might prohibit good reliability.””*° The statement
reflected Albert Zeiler’s concern that inspectors would damage wires and
tubing during checkout of a horizontal vehicle. (During a vertical checkout
workers would stand on platforms extending around the rocket. With the
vehicle in a horizontal position, it would be difficult to keep workers from
damaging the rocket’s thin skin.) Maintenance of umbilical connections dur-
ing a horizontal transfer was another problem. Fear of the stresses generated
in lifting a large launch vehicle from a horizontal to a vertical position was
the third and decisive consideration leading to the concept’s demise. Hunts-
ville engineers were aware of the strain placed on the 21-meter Redstone’s
joints and outer skin during this operation. The stress on the 70-meter Saturn
might well be excessive.”'

The Saturn C-3 (liquid) launch complex plan comprised a vertical
assembly building (VAB), a launcher-transporter, an arming area, and launch
pad. The VAB would consist of assembly bay areas for each of the stages,
with a high bay unit approximately 110 meters in height for final assembly
and checkout of the vehicle. Buildings adjacent to the VAB would house the
Apollo spacecraft and the launch control center. The launcher-transporter
would incorporate three major facilities: & pedestal for the space vehicle, an
umbilical tower to service the upper reaches of the space vehicle, and a rail
transporter. An arming tower would stand about midway between the
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assembly building and the pads. The Apollo Saturn would carry a number of
hazardous explosives: the launch escape system (the tower on top of the vehi-
cle that lifted the spacecraft away from the launch vehicle in case of an emer-
gency), retrorockets to separate the stages, ullage rockets to force fuel to the
bottom of tanks, and the launch vehicle’s destruct system. Launch officials
wanted to install these solid-propellant items in an area apart from the rest of
the operation.>?

By July 1961 LOD engineers had fixed the requirements for the mobile
launch concept’s electrical checkout. These were fourfold: first, the electrical
eground support equipment was to be designed so that checkouts could be
conducted simultaneously on vehicles in the VAB and on the pad; second,
the electrical systems of the vehicle and launcher-transporter would remain
intact after checkout in the VAB; third, the launch control center would be
able to launch rockets at a distant pad and check vehicles in the nearby VABRB;
and fourth, there would be a minimum of connecting cables between the
launch pads and the control center because of the distances involved. The
plan required the use of two digital computers, one located on the launcher-
transporter and the other in the launch control center. The former would
be used for checkout of the launch vehicle both at the VAB and on the pad.
The performance of the computer on the launcher-transporter would be re-
motely controlled by the computer in the launch control center. Two firing
rooms were necessary—one for control of checkout procedures in the VAB
and the other for launch pad operations.”?

The significance of the initial mobile launch studies lay more in the
timing than in the content. LOD officials would not agree on a final concept
for another year. By mid-1961, however, they were confident that some form
of vertical transfer would work. Debus’s initiative in February 1961 provided
LOD time to examine the concept and make some reasonable judgments.
When the Kennedy administration announced the lunar landing program in
May 1961, LOD officials had a suitable launch concept in mind. Without the
three months gained by the February decision, it is doubtful that LOD would
have ventured on a new launch concept. The Apollo facilities might well have
resembled a larger LC-37.%*
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AcouirinGg A Launca Site

Hazards Board Recommends Merritt Island

While Dr. Debus took the occasion of the top-level meeting at Hunts-
ville on 25 April 1961 to brief Robert Seamans, NASA Associate Adminis-
trator, on the mobile launch concept, the conferees discussed other questions,
especially the lack of space at Cape Canaveral. Gen. Donald Ostrander, Dr.
Wernher von Braun, and William Fleming, soon to be head of the Project
Review Division, participated in the discussion. At its conclusion, Debus was
directed to meet with Maj. Gen. Leighton I. Davis, commander of the Air
Force Missile Test Center, to discuss NASA’s need for additional land.' The
presidential challenge (a man on the moon by 1970) lent urgency to Debus’s
inquiry. Very likely, the launching of a moon rocket, Saturn or Nova, would
create blast hazards requiring a large safety zone around the pad. Acquisition
of many acres of real estate was the next step in building the moonport and
the question facing the Launch Operations Directorate (LOD) was, Where?
The answer would prove twofold: NASA would build the moonport on land
(Merritt Island) within the Air Force sphere of influence at Cape Canaveral,
but in the process would work out an understanding with the Air Force that
would secure freedom of action in NASA’s launch area.

Before recommending any land purchase, NASA and the Air Force
had to determine the dangers involved in testing and launching a moon vehi-
cle. In the last week of May 1961, the two groups set up a Joint Air Force-
NASA Hazards Analysis Board to study the effects of blast, noise, fire, frag-
mentation, radiation, and toxicity. It would also prepare preliminary design
data as a basis for safety perimeters for personnel and facilities within
government-controlled areas, as well as for people and property in areas ad-
jacent to the launch site.? Since NASA had reached no decision on the vehi-
cle for the moon landing, the analysts considered the use of a Saturn C-3
booster of 13 million newtons (3 million pounds of thrust) and Nova
boosters of 53, 98, and 164 million newtons (12, 22, and 37 million pounds of
thrust). These were further classified as to fuels: liquid propellants, solid pro-
pellant for the booster and liquid propellants for the upper stages, and liquid
propellant for the booster with a nuclear-powered upper stage.

87
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On 1 June 1961, the board published a preliminary report of its find-
ings and recommendations. The hazards analysis indicated that the minimum
distance required for overall safety between the launch pad and uncontrolled
areas varied from 5270 meters for the Saturn C-3 to 15 240 meters for the
164-million-newton (37-million-pound-thrust) Nova booster. The minimum
safe distance for nuclear stages reached 16 kilometers. The board concluded
that if the government acquired additional land on Merritt Island, vehicles
without nuclear upper stages could be launched from onshore facilities along
False Cape north of Cape Canaveral. Further, since persons working within
government-controlled areas could be given adequate protection, Merritt Island
provided suitable land for industrial and technical support areas.?

A New Home in Georgia?

When the news spread that NASA was investigating launch sites, a
group of Georgia businessmen suggested the coastal islands of their state. A
survey team of NASA, Air Force, and Pan American personnel found many
advantages at Cumberland Island: undeveloped land, railroad facilities, a
coastal waterway, and port facilities. The team concluded that Cumberland
Island merited further investigation as a site for launching large rockets.*

Beginning near the Florida state line, Cumberland Island extends
north for 32 kilometers. It varies in width, being some 5 kilometers at the
widest point. Extensive tidal flats, saltwater marshes, and the Intracoastal
Waterway separate it from the Georgia mainland. Deepwater docks along
the Intracoastal Waterway provided access to cheap water transportation.
King’s Bay Ammunition Facility was close at hand, owned by the govern-
ment, with readily accessible railroad sidings. Anticipated real estate costs
were relatively low; to the north, however, were expensive island resorts.

In the meantime, the Air Force went ahead with proposals to pur-
chase 93 square kilometers adjacent to Cape Canaveral at an estimated cost
of $10 million.> One month after the Mercury flight of Alan Shepard,
General Ostrander and Samuel Snyder from NASA Headquarters, Eberhard
Rees from Huntsville, and Debus met with a group at Cape Canaveral on 5
June 1961. The conferees agreed that the NASA program would require
more than the 93 square kilometers. A few days later, General Ostrander
suggested that the group give greater consideration to Cumberland Island.®
An ad hoc committee under the chairmanship of William A. Fleming began
work on 8 May. Its report, turned in on 16 June, spoke favorably of the
southeast Georgia site. ‘“There are alternate possibilities, besides AMR. . . .
One of the most promising . . . is the King’s Bay area along the Georgia
coast. . . .”"”’
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The advantages of the Canaveral area were nevertheless overwhelming.
It lay at the head of the Atlantic Missile Range, a series of tracking stations
that reached southeastward almost 9000 kilometers to Ascension Island (with
further extensions under way for the Mercury program). Its trained person-
nel had launched many missiles. No big cities stood in danger from accidental
explosions or wandering missiles. The noise would not disturb a large civilian
population. Finally, while the Cape itself was filled up, there was room for
expansion on Merritt Island and along the coastline north of False Cape.

The Canaveral area and Cumberiand Island shared one advantage
over other possible sites. Barges from Huntsville could sail down the Tennes-
see, Ohio, and Mississippi Rivers, through the Gulf, and up the east coast of
Florida. In view of the mammoth proportions of the Saturn and Nova
boosters under consideration as moon vehicles, this access to barge transport
was an important consideration.

Organizing for the Debus-Davis Study

High-level agencies in Washington took a hand in the matter. On 16
June 1961 Roswell L. Gilpatric, Deputy Secretary of Defense, alerted the
Secretaries of the Army, Navy, and Air Force to the joint planning by NASA
and the Department of Defense concerning all elements of the space pro-
gram, ‘‘including the extension of ground facilities.”’® He directed them to
instruct commanders of national ranges and other officers in charge of space
resources to lend their full support. At the Cape this responsibility fell to
Gen. Leighton Davis. Montana-born, Davis had excelled at West Point as a
student and instructor. After the entry of the United States into World War
II, he had expressed dismay at the quality of the sighting equipment on the
planes in his bomber command. The Army transferred him to research and
development of gun and bomb sights at Wright Field in Ohio. Other R&D
assignments followed, prior to his taking command of the Air Force Missile
Test Center in May 1960.°

On 23 June, Robert Seamans formally requested Debus and Davis to
study all major factors concerning launch requirements and procedures for
direct or orbital flights to the moon (page 80). NASA was to set up criteria
for mission facilities, and AFMTC was to arrange for support facilities; both
were to suggest guidelines for management structure and division of authority.
On the 30th Seamans asked the two men to study all possible sites—mainland,
offshore, and island locations. Their responsibility extended to the facilities
and the acquisition of land, but not to worldwide tracking and command sta-
tions.'?
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On 6 July, Petrone for the Director of the Launch Operations Direc-
torate, Col. Leonard Shapiro for the Air Force, and Col. Asa Gibbs, NASA
Test Support Office Chief, drew up a detailed outline for the Debus-Davis
study of the facilities and resources required at the launch site to support
NASA’s manned lunar landing program.* Petrone was responsible for opera-
tional plans and concepts and mission functions, launch facilities, operations
control, and support requirements. Shapiro would develop plans for range
support to be provided by the Department of Defense, including support
facilities, utilities, and instrumentation in the launch area and downrange.
Gibbs was responsible for analyzing and recommending appropriate manage-
ment relationships at the range, including flight control and ground safety.'!
Since Shapiro had limited experience in this field of work, Col. Verne Creigh-
ton took his place for a time. Later, Shapiro returned to finish the report.'?

While the opening section of the Debus-Davis Report explicitly set out
a ““NASA Manned Lunar Landing Program,”’ the section on funding re-
vealed a different point of view on the part of the Air Force representatives.
NASA’s proposal called for NASA to provide funds for construction of
range support facilities, all mission facilities, and all instrumentation re-
quired for the Manned Lunar Landing Program. The Department of Defense
would budget and fund for operation and maintenance costs of the range in
support of this program, and NASA agreed to assist the Department of
Defense in justifying these costs.'?

The Air Force, on the other hand, saw the program as ‘‘national,”
combining civilian and military control, rather than as a strictly civilian
(NASA) enterprise. In the same Debus-Davis Report, the Air Force recom-
mended that NASA and the Department of Defense budget their needs sepa-
rately. NASA would budget and fund mission requirements. The Department
of Defense would budget and fund range support requirements. The Defense
proposal then spelled out its viewpoint: ‘‘Budgetary requirements for the
Manned Lunar Landing Program will be submitted and justified as a ‘Joint
Package,’ segregated by agency and department,”’’ and ‘‘funds apportioned
to the respective organizations will be administered according to policies and
procedures internal to the agency or department.””'* Several years would
elapse before the two organizations would clarify this delicate matter.

*As Chief of the NASA Test Support Office since its inauguration in April 1960, Gibbs had
served as liaison officer between the Launch Operations Directorate and the Air Force Missile Test
Center.



ACQUIRING A LAUNCH SITE 91

Recommending a Launch Site

During the month of July, the NASA-Air Force team considered
eight sites:

Cape Canaveral

Offshore from Cape Canaveral

Mayaguana Island in the Bahamas

Cumberland Island, Georgia

A mainland site near Brownsville, Texas

White Sands Missile Range in New Mexico
Christmas Island in the mid-Pacific south of Hawaii
South Point on the island of Hawaii

Of the eight, the Debus-Davis Report estimated that White Sands would cost
the least to develop and operate. These advantages were offset by its land-
locked location; the lack of water transport would virtually dictate construc-
tion of the space vehicle assembly plant and test-firing stands near White
Sands. Cost alone eliminated the island sites of Mayaguana, Christmas, and
Hawaii, where construction and operation costs would be more than twice
the estimates for White Sands or Cape Canaveral. The islands also posed
severe problems of logistics. Although Brownsville costs were reasonable,
launches from the Texas coast entailed a serious over-flight hazard for popu-
lated areas in the southeastern United States. Construction costs for an off-
shore complex at Cape Canaveral ran about 10% more than the costs of land
purchase and development on shore, and maintenance estimates for the off-
shore sites were much higher.'’

Cumberland Island enjoyed some of Cape Canaveral’s advantages:
accessibility to deep water transport and railroads and no problem with over-
flight or booster impact. However, the Air Force listed a number of problems
at Cumberland:

e [nterference with the Intracoastal Waterway.

e Expensive launch area instrumentation would have to be duplicated.

e [Land-based instrumentation for the early portion of flight would
not be available.

e Extensive communications tie-ins with Cape Canaveral and down-
range stations would be necessary.

e Towns in the area were small. The local economy might not sup-
port the large influx of people.

e The land area involved was primarily marshland.'®
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The Air Force listed only two disadvantages for Cape Canaveral:
comparatively expensive land acquisition and higher-than-average cost for
clectrical power and water. Among the advantages for the Cape, the Air
Force noted that **The Titusville-Cocoa-Melbourne area of Florida is a dy-
namic area which has been continuously growing with Cape Canaveral since
the Cape’s inception. Therefore, we expect a minimum of problems in the
further area expansion which will be necessary for this program.’” Since

““practically the entire local area population is missile oriented,”” the Air
Force foresaw a ‘‘minimum of public relations type problems due to missile
hazards and inconveniences.’’"”

The NASA portion of the report cited two disadvantages at the Cape:
labor conditions and the possibility of hurricanes. Local lore assured Canaveral
newcomers that the eye of a hurricane had never passed over the area. Hurri-
canes had indeed passed near Merritt Island in 1885, 1893, 1926, and 1960—
one year before.'® As for its labor problem, Florida had never been an in-
dustrial state. Skilled workers in most categories were scarce, nonexistent in
others. This meant that NASA and its contractors would not only have to
call in engineers, scientists, and other experts from all parts of the country,
but would have to attract craftsmen or train local men on the job for a wide
variety of skills. Along with the men, manufactured goods would have to
pour in from elsewhere, ‘‘such as copper wire, power and instrumentation
cable, transformers, oil circuit breakers, generators’’—to list but a few.'?

Some shortcomings of the Cape went unmentioned in the report.
Debus subsequently stated: ‘“The chief drawback with this particular site was
the danger of being swallowed up by the existing organization.’’?° This con-
cern perhaps underlay the interest in Cumberland Island. There were also
doubts as to the area’s ability to support the Apollo program. Remoteness—
a positive factor in the matter of safety—had its disadvantages in the lack of
housing, stores, schools, and recreational facilities for new residents. The
fastest growing county in the nation, Brevard had scarcely been able to keep
up with the needs of pre-NASA expansion. Debus was keenly aware of the
impact of a NASA-engendered boom on the people of Brevard County, an
interest that later took such forms as a Community Impact Committee set up
by Debus, Davis, and Governor Farris Bryant of Florida.?!

The Questions Begin

Even before submission of the report, Debus had misgivings about
NASA’s grip on the purse strings in the event the moonport was located
within the Air Force sphere of influence at Cape Canaveral. Someone in the
Department of Defense, it appeared, had already initiated plans to take over
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funds for LOD instrumentation and facilities. During a conference with
Eberhard Rees, Associate Director of the Marshall Space Flight Center, Debus
emphasized that the Launch Operations Directorate should control these
funds at the Atlantic Missile Range and gave several instances of past prob-
lems to substantiate his position. Since Rees would be in Washington when
Petrone was to deliver the report, it was agreed that Petrone would furnish
Rees with arguments supporting NASA’s retention of funding control.??

On 31 July 1961, scarcely a month after starting its work, the commit-
tee presented the Debus-Davis Report to Seamans in Washington. Two days
later NASA Headquarters announced a worldwide study of launching sites
for lunar spacecraft. Reflecting the concern of many inside and outside
NASA, a Washington Post article stated that the size, power, noise, and
possible hazards of Saturn or Nova rockets would require greater isolation
for public safety than current NASA launch sites offered.?

At this juncture, Milton W. Rosen, Acting Director of Launch Vehi-
cle Programs, submitted a report to Webb and Dryden that called for a more
complete study of Cumberland Island before a final decision in favor of the
Canaveral area. Rosen wrote:

At Cumberland, however, there is an opportunity, one which
we should not lose, to operate in a much simpler and more ef-
fective and less time-consuming manner. At Cumberland there
could be at the beginning, at least, essentially one project
directed toward a single major objective. The newness of Cum-
berland would be an asset. Both White Sands and Canaveral
had simpler and more direct and less time-consuming procedures
in their early days, when they did not have to cope with their
present volumes of traffic.

Rosen noted that personnel living in the northern suburbs of Jacksonville
could drive to work at Cumberland through less traffic than employees faced
at Cape Canaveral. The cost of duplicating instrumentation was minor in
contrast to the total investment at either site.?*

On the same day, however, the highly respected scientist-administrator
Dr. Hugh Dryden sent in his conclusion: ‘‘In my judgement, the nation’s in-
terests would best be served by expanding the existing range rather than
developing an entirely new and separate installation at this time.”’?* NASA
Headquarters announced plans six days later (24 August) to acquire approx-
imately 324 square kilometers north and west of the Cape Canaveral launch
area, largely on Merritt Island, for manned lunar flights.?® While most ob-
servers felt that the deciding factor was financial, Gibbs believed that ‘‘the
Hazard Report [of June 1961, pp. 87-88] was the whole basis on which the
selection was really made.’’?” Petrone thought the decision had a wider base:
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the low cost, the proximity to available range resources, and compatibility
with program requirements. In response to a direct question on the weight
given in the Debus-Davis study to Merritt Island’s proximity to the tracking
system, Petrone placed it “‘very high.”” He also noted that when the decision
was made, complex 34 was ready for operation and complex 37 was under
construction on Cape Canaveral. With NASA making preliminary Saturn
launches from these pads, locating the moonport hundreds of miles from the
Cape would have created severe dislocations.?® Whatever the decisive fac-
tors, NASA was committed to launching its manned lunar flights from the
Florida facility. Working out of the same geographical area, NASA and the
Air Force would have to face the magnitude of the man-in-space program,
and the Air Force would have to recognize that NASA was not simply another
range-user, waiting in line for its turn. New policies and procedures were
called for.

The Webb-Gilpatric Agreement

On the same day that NASA announced its intention of obtaining
land on Merritt Island, it signed an agreement with the Department of De-
fense that set guidelines for managing and funding the Manned Lunar Land-
ing Program. This agreement, which took its name from James E. Webb,
whom President Kennedy had just appointed to head NASA, and Deputy
Secretary of Defense Roswell Gilpatric, set down three preliminary consider-
ations: the Department of Defense and NASA recognized the great impact of
the Manned Lunar Landing Program on the Atlantic Missile Range; in the
national interest, the two should pool their resources to make the most effec-
tive use of the facilities and services; and the traditional relationship between
range-user and range-operator would continue.?’

The agreement contained 11 provisions that gave NASA ultimate re-
sponsibility for acquiring the new land, improving it, constructing necessary
buildings, and operating the Manned Lunar Landing Program facilities on
the new site and elsewhere. The seventh provision read:

(7) As agent for NASA, the Department of the Air Force will:
a) prepare and maintain a master plan of all facilities on the
new site, to include the selection of sites for mission and range
support facilities (NASA will be represented on the Master
Planning Board); b) prepare design criteria for all land im-
provements and range support facilities subject to NASA ap-
proval, and arrange for the construction thereof; c¢) design,
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develop, and procure all communications, range instrumenta-
tion, and range support equipment required in support of NASA
at or near the launch area.*”

Unfortunately, this hastily drafted document neither defined some critical
terms nor included interpretative guidelines. The two parties resolved some
simple disputes easily; others they found harder to overcome.?!

Disagreement centered on the definition of the word agent in para-
graph (7). According to NASA, an agent was one who acts for or in the place
of another by authority from the principal. In the NASA view, the intent of
the Webb-Gilpatric Agreement was not to give authority to the Air Force for
master planning on Merritt Island; rather, the Air Force was to exercise the
master planning functions by authority of NASA and subject to its approval.
The Air Force, in contrast, stated that since range users never had the right to
locate their launch facilities at the Atlantic Missile Range, it was the range
commander’s responsibility to site all facilities in accordance with needs of
all users. The Air Force, however, had no intention of assuming responsi-
bility for design planning of any NASA mission facilities, such as launch
pads.’?

The Air Force quite simply viewed the new area as an extension of the
Cape Canaveral Missile Test Annex. To avoid unnecessary duplication of
facilities and personnel, it seemed best that a single manager should control
the operation. Responsible for development of the Eastern Test Range since
October 1949, the Air Force had supported other agencies, including NASA,
with manifold facilities in the areas of range safety, logistics, and tracking.
From November 1958 to August 1961, first as the Atlantic Missile Range
Operations Office, then after 1 July 1960 as the Launch Operations Direc-
torate, NASA had funded the construction of blockhouses, launch pads, and
assembly buildings for its specific programs on the Cape. The Air Force Mis-
sile Test Center had purchased and improved land and incorporated the new
facilities into its real property accountability system. ‘‘Only certain specified
services and functions,” the History of the Air Force Missile Test Center
pointed out, “‘were provided NASA on a reimbursable basis.”’*?

Now there was to be an important departure from the Air Force
policy of retaining control of all real property at Canaveral. The Department
of Defense could not provide money for an immediate purchase of Merritt
Island. NASA would have to buy the land. During deliberations in the Office
of the Secretary of Defense, preliminary to the Webb-Gilpatric Agreement,
the Department of Defense Research and Engineering representatives had
inserted a clause in the draft agreement to the effect that all land acquired in
behalf of NASA should be transferred to the Department of Defense and in-
corporated into the Atlantic Missile Range. Gilpatric had questioned the
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need for such a clause and transfer, saying that the land belonged to the gov-
ernment. Gilpatric’s attitude would prove an unfavorable harbinger to Air
Force enthusiasts who viewed Merritt Island as an extension of their Cape.?*
NASA eventually took the position that the Air Force, as the agent for
NASA in relation to the new land, had assumed a completely new manage-
ment position, and that NASA had the authority to control the management
actions of its agent in these new and separate areas.’

For the time, a reading of the Webb-Gilpatric Agreement, especially
the controversial seventh provision, along with an understanding of the
traditional Air Force viewpoint, might lead one to wonder how the Director
of the Launch Operations Directorate had presumed he would have suffi-
cient freedom of movement. Sometime later Debus recalled his reasons for
agreeing to these arrangements. He stated,

Although it may appear that this agreement was to the advan-
tage of the Air Force, you must remember that the Air Force
did everything—everyone else was a customer. All their efforts
were space oriented and anyone encroaching on this area was
considered a challenge by the Air Force. During this period we
had to continually make an effort to understand the Air Force’s
position.3®

At the time, Debus discussed the tenancy aspects of the Webb-Gilpatric
Agreement with Samuel Snyder, Associate Director of Launch Operations at
NASA Headquarters, and General Ostrander. While he had suggestions for
improving several points, Snyder had urged that ““if we could live with it,”’
NASA should sign.’” Debus and the Commander of the Missile Test Center
hoped that they could avoid referring most issues to Washington, preferring
to settle them locally.

The Launch Operations Director came to feel during the ensuing
months that he needed a stronger hand in site selection and approval of facili-
ties and could not live with the Air Force assumption that Merritt Island was
simply an extension of Cape Canaveral. Even a casual observer could see that
the two groups would not always be working in harmony and that their areas
of operation overlapped at certain points. A new arrangement would eventu-
ally have to succeed the Webb-Gilpatric Agreement of August 1961.

Merritt Island Purchase

On | September, NASA asked Congress to authorize the purchase of
324 square kilometers of land on Merritt Island, immediately north and west
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of the existing missile launching area at Cape Canaveral. In support of the
proposal, Senator Robert Kerr of Oklahoma, Chairman of the Senate Com-
mittee on Aeronautical and Space Sciences, stressed several factors. Stringent
time schedules for the lunar program made the area ideal. NASA could
reduce costs by use of existing resources, facilities, and personnel. The track-
ing network stretched almost 14 500 kilometers into the Indian Ocean. If
NASA tried to start from scratch in another area, this one aspect of the pro-
gram would be prohibitive. NASA could plan efficiently for future expan-
sion in the new complex. And lastly, Senator Kerr insisted that this facility
would be used for many years to come. Congress was favorable.?8

On 21 September, Seamans requested the Army Corps of Engineers to
undertake the land acquisition.*® Congress adjourned before authorizing the
purchase. Without such authorization, NASA could not ask for the appro-
priation; but the agency’s reprogramming authority made it possible to start
purchasing land before the end of 1961. NASA transferred funds from its
Research and Development account to its Construction of Facilities Ac-
count, and advanced the money to the Army Corps of Engineers, its agent in
purchasing the land, and balanced the books the following year.*’

The use of the Corps of Engineers in this way followed an established
pattern of cooperation between NASA and the Corps.**! Morris A. Spooner,
Chief, Real Estate Division, Jacksonville District Engineers, supervised the
buying of the land. After notifying the public of NASA’s plans and the exact
boundary of the area involved, the Corps opened an office in Titusville, the
county seat, before the end of September. When all owners had listed their
holdings, 440 tracts were involved. Three-fourths of the owners were absen-
tee; three-fifths lived outside of Florida. The Corps hired experienced land
appraisers from firms in Lakeland, Miami, Jacksonville Beach, and Mel-
bourne and issued a booklet to explain the procedures to property owners.*
First, the Corps would identify the owner, map the land, and describe it
legally. Then the appraiser would evaluate each tract. Finally, the Corps
would negotiate with the owner. If negotiations proved successful, the direct
purchase representative closed the deal; sometimes negotiations broke down
and the government had to begin condemnation proceedings.*?

According to the NASA plan, one group of owners had to vacate
their property by the end of February 1962. Many complained to the Titus-
ville Star-Advocate that the Corps had not gotten in touch with them and of-
fered a fair price. An editorial on 17 February 1962 maintained that the

*Relations betwegn LOD and the Corps did not always run smoothly. After a March 1962 visit to
the Jacksonville office of the Corps, an LOD finance officer noted that the Corps was anxious to “‘dump”’
administration charges on NASA. Ininterviews, NASA officials have commented that Corps support did
not come cheaply.
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Corps had not moved as fast as it should have. It insisted that the agents of
the federal government should have placed an equitable price on each piece
of property and mailed the offer to the owner with a self-addressed return
envelope. If the homeowner agreed, he could have notified the Engineers. If
he did not, the Engineers could proceed with the suit in court.

It is common knowledge [the editorial went on] the Corps of
Engineers is making offers for property subject to negotiation.
Is this proper? Should the federal government agents go into

the horse-trading business? . . . To send in negotiators is
nothing less than high-pressure tactics to get the most for the
least.

It urged the owners not to allow the Engineers to high-pressure them. If any
delay occurred, the editorial concluded, ‘‘the Corps of Engineers should
carry this delaying responsibility.””** In spite of this and other complaints,
most land acquisitions moved ahead without too much delay. Many indi-
viduals took the Corps and NASA into court, but in almost every instance
the jury verdict was in the government’s favor or close to the figure the gov-
ernment had offered.®’

While not involving a great number of people, the exodus had its
poignant elements—as do all such transfers. This was home for many people,
and a lovely home. One family had come down from Savannah, Georgia, a
few years before and purchased a small estate near Happy Lagoon, about
three kilometers north of where the assembly building was to rise. Husband
and wife had come to cherish their new location. The Corps of Engineers
assured them that if they purchased similar land north of Haulover Canal,
they need never worry about moving again. They took the advice, only to
have NASA subsequently reassess its needs and decide to expand farther
north. The couple moved to Orlando.* The government retained 60 homes
for interim use by NASA, the Corps of Engineers, or the Air Force.*” Some
individuals moved their houses to the mainland or to the south end of Merritt
Island.

The Titan 11l Problem

During the fall of 1961, the Air Force was faced with the problem of
finding a launch area for its new Titan II1. This 39-meter missile consisted of
a liquid-fueled central rocket flanked by two solid boosters of great power.
Launch sites on Cape Canaveral, including pad 18, pad 20, and the tip of the
Cape, were deemed unusable on account of blast and toxicity factors. Events
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took a collision course when Missile Test Center administrators decided the
new NASA land on Merritt Island could be considered as a possible Titan
launch site. The Air Force would place the Titan complex just north of com-
plex 37, spacing the pads for use of class IX* explosives. On the premise that
the Air Force had master planning powers over the entire launch area, in-
cluding the land NASA was acquiring on Merritt Island, the recommendation
to site Titan III north of complex 37 and partly on NASA land (and sub-
merged land) was accepted by Air Force Headquarters and approved by the
Department of Defense. Further, a Titan overflight of LC-37 appeared to be
no problem, and the corrosive effects of the Titan rocket exhaust would be
negligible. The Missile Test Center proposed that NASA move its launch
pads north to accommodate Titan I11.4®

To this, Debus could not agree. LOD believed the corrosive effects of
the Titan exhaust would pose a serious hazard to NASA space vehicles on
launch complexes 34 and 37, and that any overflight would create serious
safety restrictions. Placing the Titan III integration building on Merritt
Island would interfere with NASA’s canal and bridge plans. The proposed
Titan III firing rate would close down launch complex 37 or pad A of launch
complex 39 once every ten days. Moving LC-39 farther north would double
the distance from assembly building to launch area, increase the cost of com-
munications lines by $1 million, and force NASA personnel to detour around
the Titan III area in going from the Cape to LC-39. In sum, LOD believed a
Titan III failure could seriously endanger NASA’s flight hardware, pads,
and personnel; that Titan launch operations would interfere with NASA ac-
tivities; and that a heavy concentration of escaping propellants from Titan
III might cause serious corrosion problems in NASA spacecraft. Finally,
LOD did not intend to launch spacecraft over Air Force sites and did not
want Air Force missiles flying over its pads. The Launch Operations Direc-
torate concluded that Titan III should be located north of the NASA area
and recommended the purchase of an additional 60 square kilometers of land
above the Haulover Canal for that purpose.*

The Air Force was agreeable to buying this land and earmarking it for
NASA, but this was no balm to LOD. The Titan affair seemed to say, if not
in so many words, that the Air Force was standing on its rights as master of
the entire launch area and deemed Merritt Island an extension of the Cape.
Debus and his staff were troubled about the implications of the situation and
tried—for many weeks without success—to convey their concern to the
NASA administration.

*In the U.S. military forces, this designation identifies high explosives such as dynamite, mate-
rials that are very susceptible to ignition by spark or friction and burn with explosive violence.
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In an effort to work out some of the problems, General Shriever,
General Davis, and their staffs met on 19 February 1962 with a NASA team
of D. Brainerd Holmes, Debus, and others. The conference produced a
lamentable communications gap. Shriever understood that Holmes and
Debus were agreeable to siting Titan III in the south where the Air Force
wanted it, deferring selection of a moonport site, and purchasing additional
land north of Haulover Canal. The actual NASA position, as set out at a
Management Council meeting under Holmes’s chairmanship on 27 Febru-
ary, was that ‘‘the preferable solution to Cape siting problems is immediate
acquisition of additional land to the north and siting the Titan III at the
north, Nova in the center, and [Saturn] C-5 to the south.’””® Much of the
following month was devoted to the solution of this impasse, a process
complicated by misunderstandings within the NASA command. Much to
Debus’s disappointment, NASA agreed tentatively to the southern sitings.>!
On 27 March a statement of the acceptability of overflight was signed by L.
L. Kavanaugh, for the Department of Defense, and Robert Seamans. A still
unreconciled Debus told the Management Council that NASA should retain
control over NASA-purchased lands and seek an amendment to the Webb-
Gilpatric Agreement providing for joint master planning.>

Congress Says NASA

The LOD director was to have his turn sooner than he knew, but for
the time being NASA Headquarters appeared loath to cross swords with the
Air Force. Nor was the Air Force ready to relinquish any of its perquisites.
On 29 March, John H. Rubel, Assistant Secretary of Defense, presented a
statement to the Subcommittee on Manned Space Flight of the House Com-
mittee on Science and Astronautics. Rubel reviewed the procedures at the
Atlantic Missile Range during 11 years. He gave no indication that the Air
Force saw any noticeable difference between the manned lunar landing
program and the other programs that had used the Cape during that time.
The range commander had to have authority to make decisions in the com-
mon interest of all range users. At the same hearing, Seamans pointed out
that some of the launch pads for Titan III would be on lands funded by
NASA, just as some of the Saturn C-1 facilities were located on land origi-
nally funded by DoD. He stated: ‘‘It is not a question of our land or their
land. It is the country’s land. It is a national range.’’>?

The subcommittee chairman, Olin E. Teague (D., Tex.), told Rubel
that the dispute confused him:
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The main thing that troubles the committee is, we go to the
Cape, for example, we talk with some of your responsible peo-
ple there, we talk with some of Dr. Seamans’ responsible peo-
ple and we come away confused, frustrated, disturbed, and
they don’t agree on this overflight matter, and they don’t agree
to a Titan siting next to a Saturn. . . . We have some questions
we are going to submit to you, Mr. Rubel and Dr. Seamans,
which we want answered for the record.

As a result the Teague committee sent 28 questions to the Department of
Defense and NASA. Typical of the questions were:

e What is the management arrangement between DoD and
NASA regarding NASA’s utilization of the national missile
ranges?

e From a management and technology standpoint, does
NASA lack the necessary capability to do their own siting
and preliminary design for the new area?

e Would it be considered undesirable duplication to allow
NASA to develop their own support unit for activities at
AMR?%*

In a generally conciliatory set of answers, NASA recognized the con-
tribution of the Air Force on the Cape, but strongly insisted that, ‘‘since
NASA has MLLP [Manned Lunar Landing Program] responsibility to the
Congress, it must exercise management and funding control of all its aspects.’”>>
The Air Force felt that in answering Teague’s 28 questions, NASA had
shifted its position and was interpreting the terms of the Webb-Gilpatric
Agreement in a manner that would place the Air Force Missile Test Center in
a subordinate role to NASA in every range matter concerned with the
manned lunar landing program. The Air Force felt it could not give up its
traditional role in the management and operation of the range, including the
new area, ‘“‘without a deterioration of its services to all agents collectively.”*5

Having stated its case, the Air Force did something about it. When
the question of custody of the title to the land on Merritt Island arose, Gen-
eral Davis requested the District Chief of the Corps of Engineers to transfer
the title of all property on Merritt Island to the Air Force.’” Moreover, de-
spite indications that land ownership was going to give NASA special status
as more than an Air Force tenant, NASA Headquarters at Washington seemed
ready to concede the point with the proposed new purchase. It would let the
Air Force buy and hold title to the 60 square kilometers at the north end of
the range which, it was agreed, should be acquired for NASA’s use in lieu of
the land lost to Titan I1I.
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In looking back at the issues, Rocco Petrone stated flatly in an inter-
view some years later: ‘“The ownership of the land . . . was a key one.”” “‘In
those days NASA was a pretty small customer,’”’ Petrone admitted, ‘‘and
tackling DoD was a tough game. . . . Webb knew that at all costs he had to
have peace in a federal family, the two agencies that could go into space,
NASA and DoD.”” Further Webb had to face one of the most prestigious
men in the new administration, Secretary of Defense Robert S. McNamara;
and Webb had to recognize that the Air Force had long considered space its
province. Petrone felt that only the presidential decision had given NASA
priority in the lunar program.’®

For the time being NASA Headquarters was cooperating with the Air
Force to enable the latter to purchase the land earmarked for NASA in com-
pensation for the Titan sites. Seamans wrote Webb on 13 April that
“‘although the Debus-Holmes recommendation is that NASA seek to acquire
the additional acreage, it is my feeling that since the Titan III program forms
the basis for this need, it is more desirable for DoD to seek this additional
land.”’>® Webb agreed and notified McNamara of NASA’s acquiescence in
the Air Force siting of the Titan pads, and the Air Force purchase of com-
pensatory acreage.®® An article in Missiles and Rockets for 30 April 1962
reported that the Air Force wanted to put its Titan pads at the south end of
the coastal area of the expansion tract (NASA’s Merritt Island purchase),
and that this would force NASA to relocate its pads. ‘“The NASA position is
that this is fine as long as the Air Force provides the funds.’’®! The Bureau of
the Budget approved the Department of Defense request.®?

By this time it appeared to NASA people at Canaveral that Head-
quarters in Washington had given in and agreed that the lunar team was only
one of many tenants using Air Force facilities at the discretion of the Air
Force. But help came from another quarter. Robert Seamans and Dr. Brock-
way McMillan, the Assistant Secretary of the Air Force for Research and
Development, appeared before the Military Construction Subcommittee of
the Senate on 8 May to testify in favor of DoD’s acquiring the additional
land. Their testimony backfired. Henry Jackson (D., Wash.), Chairman of
the Subcommittee, saw the wisdom in the purchase of the new land. But the
testimony showed that the additional acreage would support NASA develop-
ment. Since NASA was a civilian agency, he would not honor the request and
so wrote McNamara on 21 May.® In a reply three days later, McNamara ex-
plained the Air Force’s position, but conceded the Senator’s point that it
could well be a NASA purchase ‘“‘provided the use of this and all other land
at the Cape is subject to the joint use policy under a single manager.’’%
McNamara concluded his letter with the assurance that NASA was in the
process of presenting the request through the proper congressional commit-
tee. NASA then took over the task of pushing the matter with Congress.
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On 14 June, Debus notified Davis of word received from Washington.
NASA and the Department of Defense had agreed that NASA would buy the
additional 60 square kilometers of land and was submitting the recommenda-
tion to Congress for the FY 1963 authorization bill. He understood that the
concerned congressional committees had not opposed the purchase.%® James
Webb appeared before the Senate Subcommittee on Appropriations on 10
August and explained in full the need for additional land. Chairman Warren
Magnuson (D., Wash.) and Senator Leverett Saltonstall (R., Mass.) did most
of the questioning as Webb went beyond the simple request for more funds
to a wide statement on the whole program.®® NASA’s 1963 Authorization
Act, passed four days later, included funds for the additional land north of
Haulover Canal and included a key statement as to jurisdiction: ‘‘All real
estate heretofore or hereafter acquired by the United States for the use of the
National Aeronautics and Space Administration shall remain under the con-
trol and jurisdiction of that Administration, unless it is disposed of in accord-
ance with the Federal Property and Administrative Services Act of 1949 (63
Stat. 377), as amended.”’%’

At this point the bureaucratic infighting reached a draw. The Air
Force had placed its Titan III facilities on part of NASA’s Merritt Island
land, but NASA retained jurisdiction over the land, nailed down by its fur-
ther acquisition of the last 60 square kilometers at the northern limits of the
Florida launch area. NASA had established its status as more than a tenant
of the Air Force. It would be a mistake to make too much of the disagree-
ment. At the Cape, NASA and Air Force personnel were working together
on a day-to-day basis, and the Launch Operations Center was always quick
to acknowledge its debt to the Missile Test Center. There is some force to an
Air Force suggestion that it was creating issues to get clear-cut decisions from
Washington on the powers and responsibilities of the two agencies. The deci-
sion finally came down—NASA, and not NASA and the Air Force, would
put a man on the moon. During the negotiations John Glenn and Scott
Carpenter had orbited the earth, and the American public was cheering for
its new space agency.

A New Agreement

It was time for a review of the Webb-Gilpatric Agreement. NASA and
the Department of Defense had distinctive programs. The Department of
Defense agencies that used the range were primarily research and develop-
ment users of a test facility for the development of weapon systems. NASA,
in addition to doing R&D, was an operational user of launch facilities for the
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exploration of space. Congress indicated its intent that the land on Merritt
Island remain under the control of NASA by the way funds were appropri-
ated for its purchase, but NASA did not propose to disturb in any significant
way the arrangements at Cape Canaveral or the downrange facilities and in-
tended to pay a prorated share of the operating expenses of the Atlantic
Missile Range. Under these circumstances, Webb wrote to Gilpatric on 14
August 1962, with a draft that he hoped would replace their earlier agree-
ment.% During the fall and early winter of 1962, NASA and the Department
of Defense engaged in a series of conferences that led to a clarification of
relationships at Cape Canaveral and Merritt Island. General Davis wrote to
the Secretary of Defense, for instance, pointing out the duplication of sup-
port activities that might be required—such things as guard services, printing
plants, fuel analysis laboratories, instrument repair shops, fire protection,
and weather forecasting. He admitted that a division on a geographical basis
was possible, but advised that NASA be prepared to accept the responsibility
for the necessary duplication.®® On 17 January 1963 NASA Administrator
Webb and Secretary of Defense McNamara signed a new agreement.

NASA gained two points. Paragraph B of the General Concept stated:
““In recognition of the acquisition by NASA of MILA (Merritt Island Launch
Area) and its anticipated use predominantly in support of the Manned Lunar
Landing Program and in order to provide more direct control by NASA of
MILA development and operation, the Merritt Island Launch Area is con-
sidered a NASA installation separate and distinct from the Atlantic Missile
Range.”””" In the area of master planning, NASA also had more liberty. Fur-
ther agreements and additions during the spring and summer of 1963 settled
many of the minor problems that remained.”!

Land, Lots of Land—Much of It Marshy

While NASA and the Air Force pursued their own battle for beach-
heads, the Corps of Engineers continued its less spectacular efforts to stake
out NASA'’s new land holdings on Merritt Island and at the north end of the
range. Within two and a half years of its initial commission (that is, by 1 Feb-
ruary 1964), the Corps had acquired the bulk of the needed land. Out of the
more than 1500 ownerships involved initially, a few were to remain unsettled
for several years more.”> Not unexpectedly, the absentee owners of large
tracts who could delay and negotiate came off better than the small owners
who sometimes found their awards inadequate to purchase similar property
in the neighborhood. At least one person owning cultivated land on Merritt
Island sold the tract for $244 an acre. But one year later, when she wanted to
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purchase a similar plot on a non-NASA section of the island, she found the
price to be $3000 an acre.”?

The buildings did not prove as simple an acquisition as the land. The
Corps sold some for salvage, transferred 44 to the Brevard County School
System for use as temporary classrooms, and turned one old building into a
museum. The Air Force, among others, used the Standard Oil station to
service official vehicles, the Roberts residence as a first-aid station, and sev-
eral homes as security patrol offices. The purchase included a considerable
number of trailers that eventually served in a variety of capacities.’”

The disposition of more than 12 square kilometers of citrus trees
proved one of the most difficult problems. NASA at first proposed to lease
the land to the growers for five years. A representative of the Merritt Island
citrus growers stated that they were willing to vacate their dwellings and farm
the groves in accordance with NASA regulations, but desired to retain title to
the property. They were afraid that a lease system would not guarantee them
any right of repurchase if NASA no longer needed the tracts. The growers
rightfully pointed out that it was difficult to spray, fertilize, and cultivate the
groves without a guarantee that they could gather the fruit. Debus met with
J. Hardin Peterson, a lawyer representing the Florida Citrus Mutual, as early
as December 1961 and assured him and representatives of the citrus growers
on North Merritt Island of NASA’s good will.”3

A group of citrus growers carried their complaints to Senator Spessard
L. Holland (D., Fla.), Chairman of the Subcommittee on Appropriations,
who asked some sharp-edged questions of NASA Associate Administrator
Robert Seamans in the April 1962 hearings on the Second Supplemental Ap-
propriation Bill. Seamans referred the queries to Ralph E. Ulmer, Director
of Facilities Coordination. Ulmer tried to dismiss Senator Holland’s ques-
tion with the statement: ‘“We have received no recent complaints from land-
owners on that score.”’ Senator Holland answered flatly: ““You have received
them, because I passed them on myself directly to Mr. Webb and to others in
NASA, going back to last fall.”” The Senator insisted that the heart of the
matter was NASA'’s attitude toward the production of citrus on eight square
kilometers of valuable groves. Ulmer promised to give the matter careful at-
tention. Late the following year, the Corps of Engineers announced a lease
plan for the Merritt Island citrus groves that seemed much more satisfactory
than earlier arrangements. In place of the original five-year lease plan, the
Corps offered the original grove owners a lease until 30 June 1968, with an
option to renew the lease for an additional five years. Two factors tended to
make this option essential for the growers: young trees required more than
five years to develop and the high cost of equipment could not be recovered
in five years.”®



ACQUIRING A LAUNCH SITE 107

The space agency finally took 340 square kilometers by purchase and
negotiated with the State of Florida for the use of an additional 225 square
kilometers of submerged lands. Much of the latter lay within the Mosquito
Lagoon, separated from the ocean by a narrow strip of beach on the east.
The property cost $72 171 487.77 The Space Center invited Brevard County
to maintain a public beach north of the launching facilities, to be used
whenever activities on the pads did not create a hazard. In 1963 NASA em-
powered the National Wildlife Service to administer those areas of the Space
Center not immediately involved in space launch operations. At the time this
covered about 230 square kilometers and formed a safety belt between the
launch area and the population centers to the west and northwest. A few
years later the manager of the Merritt Island National Wildlife Refuge was to
report the identification of more than 150 species of birds. During the winter
season the waterfowl population exceeded 400000. Animals included
alligators, wild pigs, and bobcats.”®

NASA and the Department of the Interior were to finalize the arrange-
ments between KSC and the Refuge some years later. NASA added lands,
submerged lands, and waters, increasing the total under the control of the
Refuge to 508 square kilometers. By this agreement, the Refuge would ad-
minister the citrus groves and lease fishing camps, previously handled by the
Corps of Engineers; operate Playalinda Beach at the north end of the Cape;
and cooperate with the Brevard Mosquito Control District. NASA provided
fire protection and would continue to maintain all major highways, bridges,
and traffic signals required for employee and public access to the spaceport
and adjacent facilities. NASA could make use of these areas at any time in
conjunction with the space program. NASA could terminate the agreement
when the space program demanded it, or if the Bureau of Sport Fisheries and
Wildlife failed to use the premises according to the terms of the agreement.
The Bureau, on its part, could withdraw if the nature of the space activities
rendered the area unsuitable for wildlife purposes.”” NASA would have all
the land it needed for the foreseeable future, as well as a safety belt that
served a second purpose as a wildlife refuge.
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Rapidly Evolving Hardware

In the year following the Debus-Davis study, Huntsville planners kept
coming up with a larger Saturn, only to discard it for a still bigger one. Their
bigger-rocket designs, coupled with lunar-orbital rendezvous, could drop the
Apollo launch rate from 13 Saturns a year to 6, well below what Debus had
warned was an economic use for the mobile concept. Critics in and out of
NASA began to question the wisdom of the mobile concept, but it rolled on.
For one thing, the plan was under way and time and money had been in-
vested in its development. For another, Debus and Petrone were proving
effective advocates, stressing the concept’s flexibility when declining launch
rates undercut its major premise. Finally Congress and the country wanted
NASA ‘‘to travel first class’’ if it meant beating Russia to the moon. The
Launch Operations Directorate (LOD) men believed their proposals prom-
ised first-class travel to the moon and beyond.

Although acceptance of the Debus-Davis Report was a more-or-less
green light for the mobile concept, several major questions remained about
moving a gigantic rocket over Merritt Island’s marshes from assembly build-
ing to launch pad. Cost remained a primary consideration. But during the
last six months of 1961, LOD’s great concern lay in the plethora of rocket
designs and rendezvous studies that kept pouring out of Huntsville and
Washington. An orderly account of events belies the tentative manner in
which the Debus team had to plan launch facilities for problematical rockets
flying on undetermined flight paths to the moon.

The Lundin Committee had taken a ‘‘quick look’’ (one week) at the
rendezvous mode of accomplishing the manned lunar landing (see page 79).
In late June 1961 Associate Administrator Seamans directed Air Force Col.
Donald H. Heaton of NASA Headquarters to conduct a more detailed
study. Heaton’s committee supported the Lundin finding that an earth-
orbital rendezvous promised the earliest lunar landing and at less cost than a
direct ascent. Its August report recommended the use of a Saturn C-4 with
four F-1 engines. The C-4’s bigger payload would reduce the number of ren-
dezvous vehicles, with ““a higher probability of an earlier successful manned

lunar landing than the C-3.”"! i’
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Despite the Heaton Committee’s recommendation, General Ostrander’s
Office of Launch Vehicle Programs urged an early start for the Saturn C-3
program. Seamans was not ready to commit himself, having agreed in July to
a NASA-DoD launch vehicle study. Nicholas Golovin, a mathematician who
had previously worked on the Mercury project, directed the joint study.
Although the group failed to establish a national launch vehicle program, it
outlined alternative programs (including developmental flights) for a manned
lunar landing:

e Lunar-orbit rendezvous. 28 Saturn C-1 flights and 38 C-4
flights. First landing possible in October 1967. Cost of pro-
gram, $7.33 billion.

e FEarth-orbit rendezvous. 32 Saturn C-1 flights and 53 C-4
flights. First landing possible in July 1968. Cost of program,
$8.16 billion.

e Direct ascent, 22 Saturn C-1 flights and 38 flights of a Nova
configuration with eight F-1 engines in the first stage, eight
J-2 engines in the second stage, and two J-2 engines in the
third stage. First landing possible in October 1968. Cost of
program, $6.39 billion.?

Contemporary with the changing studies in Washington, the Saturn
launch vehicle evolved rapidly in Huntsville, going from a C-3 version in
June to a C-5 in December. Plans for the C-3 were barely under way when
Marshall Space Flight Center initiated studies of a larger C-4. The C-4, incor-
porating four F-1 engines in the booster and five J-2 engines in the second
stage, at first seemed large enough to power a lunar landing mission via either
lunar-orbital or earth-orbital rendezvous. As spacecraft weight estimates
continued upward, Marshall officials began to question this assumption. Von
Braun’s proposal to add a fifth F-1 engine, making the C-4 a C-5, was ap-
proved in November when Milton Rosen, NASA Director of Launch Vehicles
and Propulsion, made another launch vehicle study. Rosen’s team spent two
weeks in Huntsville matching potential launch vehicles with lunar landing
missions. The group’s findings reinforced von Braun’s argument for a C-5;
the C-4’s capability for a rendezvous mission was marginal. Since the cluster-
ing of the four F-1 engines left a large open space in the C-4’s first stage, a
fifth engine would strengthen the Saturn design. Rosen pointed out that a
fifth engine could be mounted at the junction of two very strong crossbeams
that supported the other four engines. This eliminated a potential trouble
spot since the junction would have been exposed to excessive exhaust back-
wash and a serious overheating problem. Marshall engineers estimated that
the C-5 would place 108900 kilograms in earth orbit or lift 40200 kilograms
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to escape velocity. Still short of a direct ascent capability (68000 kilograms to
escape velocity), the C-5 provided ample power for a rendezvous mission.?

Decisions came rapidly during the next four weeks. On 4 December
1961, Seamans agreed to the Rosen Committee’s recommendations. NASA
selected the Boeing Company as a possible prime contractor for the first
stage on the 15th. The frame (10-meter diameter, 42.7 meters in length)
would be manufactured at NASA’s Michoud plant just east of New Orleans.
At its first meeting on the 21st, the Manned Space Flight Management Coun-
cil* approved the C-5 configuration of five F-1 engines in the first S-1C stage,
five J-2 engines in the second S-II stage, and one J-2 in the third S-IVB stage.
The same day NASA Headquarters began negotiations with Douglas Air-
craft Company to modify the C-1’s S-IV stage for use as the S-IVB. As
NASA had indicated in September that North American Aviation would
build the S-II stage, the Douglas selection rounded out the team of contrac-
tors for the Saturn C-5. Formal announcement that Marshall Space Flight
Center would direct C-5 development came in January 1962.*

The Space Task Group, NASA’s spacecraft organization, went through
an equally hectic six months after the lunar-landing decision. STG and
McDonnell Aircraft Corporation had been considering advanced Mercury
projects since September 1959; proposals included a maneuverable Mercury
capsule, extended missions of 14 days, a two-man vehicle, and a rendezvous
attempt. In May 1961, Martin Company spokesmen approached NASA offi-
cials about the use of the Titan II missile in a post-Mercury program. Further
presentations convinced Robert Gilruth, Space Task Group chief, of the
Titan II’s merits. Engineers prepared a project development plan calling for
the two-man Mercury spacecraft and a modified Titan Il booster. As a ren-
dezvous capability seemed very important for Apollo, the project included
an Agena rendezvous target, boosted into earth orbit by an Atlas launch
vehicle. The project won approval in December and was formally christened
the Gemini program’ the following month.>

Work on the Apollo spacecraft also moved forward. NASA Head-
quarters announced on 9 September 1961 the establishment of a Manned
Spacecraft Center at Houston. The center would design, develop, evaluate,
and test Apollo spacecraft and train astronauts for space missions. Robert

*NASA Headquarters underwent a major reorganization during the fall of 1961. An Office of
Manned Space Flight was set up to supervise the Apollo program. Field center directors no longer
reported to Headquarters program offices but directly to the Associate Administrator, giving the direc-
tors additional power. D. Brainerd Holmes came from RCA to head the Office of Manned Space Flight.
One of his first actions was to establish a Management Council to provide overall direction for the Apollo
program. MSFC, MSC, and LOD (Debus) were represented, as well as key members of the Manned Space
Flight Office. The Council played an important decision-making role in 1962-63. Robert L. Rosholt, An
Administrative History of NASA, 1958-1963, NASA SP-4101 (Washington, 1966), pp. 274-75.

'See Barton C. Hacker and .l ames M. Grimwood, On the Shoulders of Titans: A History of Proj-
ect Gemini, NASA SP-4203 (Washington: 1977).
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Gilruth would head the new organization with his Space Task Group as its
nucleus.®

The home and organization were new, but not the mission. The Gilruth
team had prepared the preliminary guidelines for an advanced manned space-
craft in March 1960. In subsequent months the group had enlisted research
assistance from other NASA centers, briefed American industry, and awarded
contracts for spacecraft feasibility studies. By mid-1961 Gilruth was ready to
invite bids on the prime Apollo spacecraft. The 28 July work statement de-
scribed three phases of the Apollo program. Manned earth-orbital flights
and unmanned reentry flights comprised phase one missions. NASA would
qualify spacecraft systems and the heat shield, study human reactions to
extended periods in space, conduct experiments related to the lunar mission,
and work on flight and ground operational techniques. The second phase
involved circumlunar flights to develop the Apollo spacecraft and conduct
lunar reconnaissance. Manned lunar landings would come in phase three.’

The work statement called for the design and manufacture of a com-
mand module and associated ground support equipment. The contractor
would also provide test spacecraft for Saturn C-1 developmental vehicles and
mockups. A second major assignment involved the integration of the space-
craft modules with each other, with the launch vehicle, and with ground sup-
port equipment. During operations the contractor would prepare the space-
craft for flight and monitor its systems. Description of the command and
service modules ran more than 20 pages. Major systems of the two modules
included guidance and control, vernier propulsion for longitudinal velocity
and thrust-vector control, mission propulsion, reaction control, provisions
for escape during launch, environmental control, electrical power, commu-
nications and instrumentation, and a number of crew-related systems.
Although NASA had not decided on the mission mode, the Space Task
Group nevertheless included some general plans of a lunar landing module
for direct ascent or an earth-orbital rendezvous mission. Twelve companies
bid on the contract that would eventually cost NASA over 2.2 billion dollars.
In November, NASA announced the selection of North American Aviation
for the task.® Mission, rocket, and spacecraft were taking form.

The Mobile Launch Plan Comes under Fire

While rocket and spacecraft plans were proceeding, the Martin Mari-
etta Corporation of Baltimore began work on a two-part launch facility
study. In part one Martin was to recommend an ‘‘optimum concept for
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facilities to launch Saturn C-3 vehicles at specified rates’’; part two involved
design of a launch complex based upon the selected concept.” The Martin
team reported its part one findings orally at Huntsville on 27 September
1961. As in its earlier C-2 study, the Martin Company found the fixed con-
cept superior for a launch rate below 12 Saturns a year and the mobile concept
clearly preferable at annual launch rates above 24. The team recommended
moving the rocket by canal. The 3350-meter safety distance between
assembly building and pad (almost twice that for the C-2) and the C-3’s
greater weight had multiplied rail costs. Martin placed the cost of one barge
launcher-transporter and pad at $8.152 million, while estimating the cost of
comparable rail facilities at $21.965 million. Other advantages of the canal
system included more room for bigger cargoes (growth potential for the
Nova), a turning basin that compared favorably with complicated switching
arrangements by rail, and best use of the Cape’s marshy terrain. Although
acknowledging a lack of data, the team discounted the wind effect on a barge
transporter.'?

At the end of the presentation, von Braun asked the Martin team to
interrupt their C-3 study and conduct a quick investigation of launch require-
ments for a Saturn C-4. Martin’s mid-October report contained no major
changes. A Launch Facilities and Support Equipment Office (LFSEO) study,
completed in late October, reached similar conclusions. Assuming an annual
launch rate of 30 Saturn C-4s, LFSEO placed the cost of fixed facilities at
$350.5 million, of rail $278.2 million, and of barge $259.1 million. The barge
savings came entirely from the canal’s lower cost. The study noted that
“movement of a transporter launcher with vehicle by barge will present some
difficult engineering problems [but] preliminary investigation has shown that
it is feasible and within current ‘state of the art’ capability.’*!!

As LOD moved ahead with LC-39 planning, some of its members
began to have second thoughts. Georg von Tiesenhausen noted in October
that “‘after an initial period of general acceptance, various segments of LOD
are now reluctant to go ahead to develop this [mobile] concept.’’ The size of
the C-4, the boldness of the concept, and uncertainty about future launch
rates contributed to the uneasiness. Von Tiesenhausen did not agree with the
critics: ‘‘There is no insurmountable problem involved, engineering-wise or
operationally, which appears, that cannot readily be solved . . . . This con-
cept is highly flexible, readily expandable, and most economical for launch
rates to be expected in the future.”’!?

Connell & Associates, engineering consultants on LC-34 and LC-37,
did not share this optimism and volunteered criticism in November. Harvey
Pierce’s eight-page letter to Debus acknowledged certain advantages of the
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mobile concept: more efficient use of land and personnel; only one launch
control center; assembly and erection inside a building; and a brief checkout
period (one week on the firing pad). The disadvantages, however, were more
significant:

e Pad stay time is estimated at one week. During this entire period the
vehicle is unprotected and subject to the elements. Since the weather
cannot be predicted accurately for such a period, the vehicle must be
designed for stability in line squall winds up to 70 knots . . . . This
may comprise a severe penalty in vehicle design.

e Transporting the erected vehicle over a considerable distance must
subject it to vibration which has not previously been encountered.

¢ A bending moment due to tilting the very tall vehicle away from
true vertical will result from a wheeled transporter traveling up a
slope or from a water-borne transporter under high wind loading
.. .. The bending load must be considered additive to the wind
load, and will add structural weight to the flight vehicle.

® Tests with cryogenic fluids must be made at the launch pad. If leaks
are detected, repairs probably cannot be made without withdrawal
to the remote area . . . . There is no reason to assume a lower in-
cidence of these leaks in the future than in the past.

* This concept places the maximum emphasis on correct first guesses,
and the maximum penalty on a wrong guess. The remote assembly-
checkout facility, the transporter device, and the route develop-
ment for the transporter must have the ability to handle all future
vehicles, and will soon limit the vehicle design to fit their
capabilities. This is an extreme limitation to accept this early in any
program.

e In addition to some immediate decisions on some very difficult cri-
teria predictions, the chances of having a usable facility in the near
future are minimized by the difficult problems which are anticipated
but unsolved . . . . Considering all factors it appears that the vehi-
cle could easily be ready and available many months, perhaps years,
in advance of available launch facilities.

The letter called for a thorough examination, with model studies and wind
tunnel tests, of design and construction requirements for the remote assem-
bly building, stability of the rocket in transit, shock and sound over-pressure
effects on launcher-transporter equipment, placement of launcher-
transporter and flame deflector at pad, transporter propulsion, barge stability,
and rail switching. Although the Connell engineers agreed that all technical
problems could be resolved with sufficient time and money, they recom-
mended the use of fixed launch facilities for LC-39.!3
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A Trip by Barge or a Trip by Rail?

The Connell letter pointed up the crucial role of the launcher-
transporter in LC-39 planning. Its characteristics determined the design
criteria of other facilities. The success of the mobile concept rested on the
transfer system; the system’s development involved some of LOD’s most dif-
ficult engineering problems. Understandably, the selection of a transporter
became a major event in the LC-39 story.

The launcher-transporter fell within the purview of Theodore Poppel’s
Launch Facilities and Support Equipment Office (LFSEO). A Poppel direc-
tive on the October C-4 study indicates that the item, while crucial to LC-39,
was a small part of the office’s workload:

e Mr. [Chester] Wasileski will start on the propellant systems imme-
diately.

e Mr. [Donald] Buchanan will start on the launch transporter and the
fixed launch sites as soon as possible.

e Mr. [Robert] Moore’s office will supply certain paragraphs and
photographs that are generally applicable in this study.

e Mr. [Julian] Hamilton’s outfit will come up with a light coverage of
transportation with an illustration or two. Mr. [Georg] von
Tiesenhausen will start with some overall layouts.

e Mr. [R. P.] Dodd will start on the assembly building immediately
as to cost and arrangement. Mr. [Lester] Owens will determine
blast distances. Mr. [O. K.] Duren will be in charge of the overall
coordination and the written material . . . .1

Everyone in LFSEO was busy, but perhaps the heaviest workload fell
to Donald Buchanan. After four years of Air Force duty in World War II,
Buchanan had earned a degree in mechanical engineering at the University of
Virginia. He had joined the National Advisory Committee for Aeronautics
at Langley Field, Virginia, in 1949, moving on to Redstone Arsenal in 1956.
Buchanan’s responsibilities as Launcher Systems and Umbilical Tower De-
sign Section Chief included pad arrangement and deflector design. Although
Poppel and Lester Owens, Deputy Chief of LFSEO, intentionally left the
launcher-transporter selection open to the entire office, Buchanan took the
lead in the barge investigations. In April 1962 he assumed responsibility for
transporter development.'>

Cost estimates on a canal system were favorable, but the use of a
barge as the launcher-transporter raised a number of engineering questions:
How to position the barge and flame deflector at the launch site? What
means of propulsion and steering to use? How to ensure a stable platform
for the launch vehicle? While Martin Marietta examined these matters in the
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second part of its C-3 study, LOD stepped up its own inquiry. On 2 Novem-
ber an LOD team inspected the elevating mechanism of a Gulf Coast off-
shore oil rig. A possible solution to the positioning problem at the launch site
involved the use of Texas Tower legs on the barge-transporter. The long
tubular legs, actuated by a hydraulic jacking system, would be located at
each corner of the barge. While the barge was under way, the legs would be
raised until flush with the bottom of the barge. At the launch position, the
legs would be lowered to rest firmly on a concrete basin. Then the hydraulic
system would raise the barge on the legs to provide sufficient clearance for
the flame deflector to float beneath it. However, a Launch Facilities and
Support Equipment report opposed the hydraulic jacking system since it
would place the launch platform at least 18 meters above ground level. In its
place, the report recommended a deeper concrete launch basin with the barge
positioned on supports extending outward from the basin walls. A lift-gate
(lock) would allow sufficient water to be drained to permit passage of the
deflector beneath the launcher. This plan offered a low profile (the launch
platform would be only 2.4 meters above ground level), but this advantage
would be offset by the increased costs of the lift-gate and deeper basin.'¢

Lacking expertise in barge propulsion and stability, LOD hired a Balti-
more naval architect, M. Mack Earle, ‘‘to review the static and dynamic
stability programs .. .and prepare a model test program.’’ Earle’s
preliminary report warned that LOD would likely encounter problems with
the propulsion system in restricted canals. Early in the new year Earle began
arranging for a test program at the David Taylor Model Basin in Washington,
D.C.H

Martin Marietta Corporation submitted the second part of its C-3
launch facility study on 11 January 1962. The report recommended use of a
barge 55 X 41 meters, with 1.8 meters draft. Thirteen kilometers of canal, 61
meters wide and 4.6 meters deep, would service the three-pad complex. Four
to six Murray and Tregurtha Harbormaster motors would propel the barge.
Rated at 530 horsepower, this large outboard motor was capable of achieving
nearly 900 horsepower for limited periods. Estimating 45 pounds of thrust
per horsepower, Martin calculated that six Harbormaster units would over-
come the drag of a 60-knot wind. Fixed legs, designed by DeLong Corpora-
tion and R. G. LeTourneau, Inc. (specialists in offshore oil drilling plat-
forms), would elevate the barge out of the water at the vertical assembly
building, the arming tower, and the launch pad.!®

After NASA chose to develop the Saturn C-5 for the moon mission,
little time remained to select a transfer mode. On 23 January, American Ma-
chine & Foundry Company presented the results of a comprehensive survey
that included railway wheels, pneumatic tires, crawler treads, barge, and
special ground effects, and recommended a rail-barge combination possibly
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using mechanical mules.'? Debus agreed with their report; he informed
Petrone a week later that he tentatively supported a plan ‘‘to let the barge
weight be carried by water, but use for stabilization and propulsion a rail
which carries only partial weight.”” The LOD Director reviewed transfer
modes with Zeiler, Poppel, and O. K. Duren on 30 January, discussion cen-
tering on the merits of another launch vehicle transfer study. Although the
group postponed an award in hopes that additional suggestions might ap-
pear, Debus did not intend to wait long. Summarizing the meeting for
Petrone, Debus wrote: ‘‘It appears urgent that we have a program for the
crucial engineering studies and possibly cost estimates for these studies early
next week because a decision to proceed on 39 is imminent.’*°

In this atmosphere, a chance meeting at Huntsville introduced a new
transporter to the LC-39 competition. Duren, an Auburn University
graduate, had been with von Braun since 1951, most recently as Deputy
Chief of the Future Launch Systems Study Office. On 2 February, Duren
received a call from Barry Schlenk, a Bucyrus-Erie Company representative.
While discussing Titan silo overhead cranes with Thiokol Corporation,
Schlenk had overheard a remark about LOD’s transport problem. The two
men spent the afternoon examining some pictures of Bucyrus-Erie’s steam-
shovel crawler used in the Kentucky coal fields. The vehicle seemed suited to
LOD’s needs; its characteristics included a leveling capability to balance a
load on uneven terrain. Caught up in Schlenk’s enthusiasm, Duren called
Albert Zeiler about his find. Zeiler was skeptical, but agreed to look into the
matter.?!

Four days later, LOD laid plans for barge, rail, and crawler studies.
The staff concurred in a three-month barge study at David Taylor Model
Basin, employing a 1:10 scale model of the barge. Additional tests would be
run in a wind tunnel with a 1:60 scale model. A consulting engineer, William
G. Griffith, would assist the Launch Facilities and Support Equipment Of-
fice on another rail study, this one concentrating on dynamic loads and foun-
dation costs. Poppel’s group (LFSEO) would follow up the Bucyrus-Erie
lead with an inspection of the crawler shovel.??

When Donald Buchanan and George Walter arrived in Washington
on 20 February, David Taylor Model Basin officials brought some uncom-
fortable facts to light. LOD’s proposed canals were too narrow and would
cause serious propulsion and steering problems. The steering problem
resulted from the venturi effect. The relative motion of water to barge in the
3-meter space between the canal bank and the barge decreased the pressure
on the side of the barge, causing a suction effect. The David Taylor officials
recommended a wider canal—and that would raise costs considerably. Then
wind-tunnel tests indicated that the drag effect in a 60-knot wind might be
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Fig. 32. Bucyrus-Erie’s steam-shovel crawler, used for surface mining of coal in Kentucky.
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three times the estimated value. Basin tests also revealed that the arrange-
ment of the six Harbormaster motors, three across the bow and three across
the stern, reduced motor efficiency. There were several possible solutions:
tugboats fore and aft of the barge, air jets placed below the waterline, and
spuds (vertical steel pipes) to anchor the barge in heavy winds. These involved
new tests and cost projections.?

In his rail study William Griffith concentrated on ways to reduce the
cost of the roadbed. The continuous concrete beam (2.4 meters deep and 3.5
meters wide) supporting the service structure runway at LC-34 cost more than
$3000 per meter—a prohibitive amount for LC-39’s proposed 19 kilometers
of rail foundation. Griffith proposed, instead, concrete ties supported by
rock ballast on vibro-compacted soil. In a 3 April report, George Walter criti-
cized Griffith’s suggestion, arguing that the concrete ties and ballast would
not stabilize the track horizontally. Walter opposed Griffith’s recommenda-
tion of curved tracks. In rounding a curve the transporter’s outside trucks
would each follow a different route (the transporter would ride on four rails
rather than two) and would require a complicated switching arrangement.
Negotiating rail curves would also pose a serious problem in synchronizing
the transporter’s drive units and maintaining a balanced load.?*

Presented with contradictory reports, LOD asked Connell & Associ-
ates to conduct a more detailed study. The findings of the Miami firm sup-
ported Walter’s position. Curved tracks were judged unacceptable because
“‘the switches required would be fantastically complex . . . . The matter of
maintenance of track alignment of the curves is another difficult aspect of
this system to which an economical solution is not apparent.’’?® The Connell
engineers recommended a perpendicular set of railbeds for north-south and
east-west travel with switching from one line to another accomplished by one
of the Connell team’s own inventions: hydraulic equalizer jacks to raise the
truck assemblies and a worm or pinion drive sector gear to rotate them. The
Connell report questioned the feasibility of Griffith’s foundation. Ballast
deflection would occur under the heavy horizontal wheel loads, causing track
misalignment. Connell recommended a three-layer foundation: compacted
fill, a soil-cement subbase, and a reinforced concrete pavement on top. Con-
crete ties would be keyed transversely to the reinforced pavement. The Con-
nell proposal would reduce the expense of the foundation by over 50%, but
even so LC-39’s roadbed figured to cost more than $28 million.?®

The Crawler Makes Its Debut

On Lincoln’s birthday, 1962, an LOD team visited Paradise, Ken-
tucky, to watch a Bucyrus-Erie 2700-metric-ton crawler-shovel in action.
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Albert Zeiler’s report compared the crawler favorably to LC-34’s service
structure. The work platform, stabilized by hydraulic cylinders at the four
corners, varied no more than one-half degree from level. Nearby, Bucyrus-
Erie was constructing for the Peabody Coal Company a larger crawler-shovel
which would have a load-bearing capacity in excess of the expected weight of
the Saturn C-5 and its support equipment. Although maximum speed for the
existing crawler was only 6.1 meters per minute, more speed could be built
into the new model. Impressed with the crawler’s potential, the LOD repre-
sentatives asked their hosts to propose a study program for LC-39.%’

Bucyrus-Erie began such a study one month later. An LOD phone call
on 23 March requested preliminary information for Petrone’s congressional
briefing that afternoon. Thomas Learmont, Bucyrus-Erie’s chief design
engineer, provided tentative estimates: the crawler, jacks, hydraulic system,
and steering mechanisms would cost $3 650000, the umbilical tower $1 500000,
the box structure (launch platform) $800000. The crawler figure reflected the
cost of Bucyrus-Erie’s new model with few changes. Later Bucyrus-Erie in-
corporated a redundant power system and a more sensitive leveling
mechanism, raising estimates an additional million dollars. Although the
crawler’s reliability and flexibility were attractive, the cost was a major
disadvantage. LC-39 plans called for five launcher-transporters, putting the
price of the crawler units at nearly $25 million. In early April, Buchanan sug-
gested separating the launcher from its transporter and building only two
crawlers. The proposal would increase total launcher-transporter weight (the
separate crawler would require a heavy platform), but the cost savings more
than compensated. After Buchanan’s idea won approval, LOD supple-
mented Bucyrus-Erie’s contract to include a ‘‘separate crawler’” investigation.?

By May the crawler was scoring the highest marks of the three
transfer proposals. On the 10th Poppel, Buchanan, and Duren inspected
barge tests at the model basin and reviewed the adverse findings from the
wind tunnel. The following day Bucyrus-Erie’s final presentation was well
received by NASA personnel. The crawler would go 1.6 kilometers per hour
under load. Its turning radius was 152 meters. The hydraulic leveling system
would keep the platform within 25 centimeters of the horizontal when mov-
ing on a 5% grade. The Jacksonville engineering firm of Reynolds, Smith,
and Hills reported crawlerway costs per mile of $447000 on high ground and
$1200000 across marsh. The latter figure included the cost of removing 6
meters of silt so that a firm roadway could be constructed. The estimate was
close to the eventual cost of $7.5 million for ten kilometers of crawlerway.
On 15 May, Harvey Pierce summarized Connell’s rail study. Although the
new railbed appeared sound, it was unproven and twice the cost of a crawler-
way. Perhaps more important, the switching arrangements looked like trouble
to operations personnel.?
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The crawler received a further boost from a 1 June Corps of
Engineers report. During a three-week study, the Jacksonville office focused
on Merritt Island’s ability to support the different transporters. Rail fared
the worst.

As a result of the nonhomogeneity of the foundation materials,
differential settlement is inevitable along any long embank-
ment. The effect of such settlement would be most detrimental
to any system using rails or concrete slabs. Flexible pavements
would be less affected and the effect on canal design would be
negligible.?”

A barge transporter would entail high construction costs for a launch basin
and docking facilities at the vertical assembly building; the Corps of
Engineers estimated $20000000 for the launch basin alone. The crawler
presented no serious problems.

The decision to use the crawler came at an LC-39 conference on 12-13
June. Representatives from NASA Headquarters, the Manned Spacecraft
Center, Marshall divisions, and private industry joined LOD at the Cape
meeting. The launcher-transporter’s crucial role placed it first on the agenda.
After reviewing LOD’s search, Donald Buchanan compared the three major
contenders. Although the barge concept offered the best growth potential,
there were unresolved design problems with propulsion, steering, platform
stability, and placement at the launch pad. Buchanan noted, ‘‘If meeting a
tight schedule has any bearing on the choice of modes, it would be difficult
to assign a low enough value to the barge to illustrate the situation as it now
stands.””®! The barge’s operational shortcomings included a vulnerability to
blast and a slow reaction time (evacuating the rocket in an emergency from
the launch pad). While both the rail and crawler systems were within the state
of the art, the latter enjoyed advantages of cost and flexibility. Buchanan’s
crawler recommendation met no serious objections.*?

Plans for a VAB

The complexity of LC-39 planning dictated formal program manage-
ment. Debus moved to provide this in the summer of 1961 with the establish-
ment of the Heavy Space Vehicle Systems Office. Rocco Petrone and two
assistants constituted the primary working force at the outset. J. P. Clay-
bourne, a Minnesota native and New York University graduate, had handled
program management with Petrone in the Saturn Systems Office the previous
year. William Clearman, raised in Georgia and educated at Georgia Tech,


https://objections.32
https://negligible.3o

LC-39 PLANS TAKE SHAPE 123

had served with naval aviation during and after World War II. By early 1962
Petrone’s office was providing other LOD offices with program criteria:
details such as hook height, service platform levels, umbilical tower service
arm heights, and weight loads for the transporter. This involved frequent
liaison with MSFC, Houston’s Manned Spacecraft Center, and NASA
Headquarters.??

The vertical assembly building received much of the Heavy Vehicle
Office’s attention. As Petrone noted in a March 1962 congressional briefing,
‘“‘the building is our most expensive item. On this item we put forth greatest
study.’’3* At the time Petrone estimated the VAB would cost $129.5 million
of a total of $432 million for the entire complex. The earliest plans for the
VAB envisioned a circular assembly building with a turntable to position the
transporter. An alternate scheme resembled Martin Marietta’s Titan II
assembly building design with high bays in line. LOD’s October 1961 study
placed the high bays back-to-back with the transporter routed down the
middle of the VAB. Martin’s C-3 study proposed a box-shaped VAB in
which six high bays enclosed water channels—transportation by barge was
still being considered. There were two unattractive features. An extensive
canal system within the VAB would hamper operations and raise the humidity.
Negotiating right angle turns into the high bays with the barge would require
a floor plan of 204 x 303 meters, nearly 50% larger than the eventual VAB.
LOD vetoed the design in January 1962.%

At the LC-39 conference 6 February 1962, the Launch Facilities and
Support Equipment Office agreed to compare open and enclosed VAB
designs. Much of the subsequent study was performed by Brown Engineering
Company of Huntsville. Ernest Briel directed 20 men investigating two VAB
concepts with a barge transfer: one, a fully enclosed box structure with
outward-opening bays; the second, an open, in-line structure with silo vehicle
enclosures for the launch vehicle. R. P. Dodd supervised the Brown effort;
James Reese performed liaison. Brown’s reports on 2 April rated the enclosed
VAB good for operating characteristics but poor for expansion potential
because of canals on three sides and a low bay on the fourth. With the in-line
version, the canal would run along the front side, permitting expansion. Low
cost was a second advantage; Brown engineers placed a $65 million price tag
on the open VAB, $10 million less than the enclosed version. Since a major
reason for the remote assembly building was protection from the weather,
operations personnel opposed the open concept.*¢

The operations group carried the day at the 13 June LC-39 con-
ference. Gruene led the attack against the open design, arguing that environ-
mental control would be a problem because of the umbilical openings;
lightning would be a hazard in an open VAB, particularly if a rocket returned
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Drawings of possible assembly buildings for C-5

Figure 34

Fig. 33. Open version. Fig. 34. Closed version.
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from the pad with ordnance aboard; with the silo enclosure open during
assembly, high winds could curtail operations; and work at umbilical arm
heights would be difficult. The conference agreed to a closed VAB, but no
choice was made between an in-line and a box design.?’

While selection of the crawler simplified VAB planning, the design re-
mained tentative the rest of the summer. At an 18 June meeting, Deese
presented a design of six high bays in line and a low bay to the rear, the high
bay areas to be constructed in three increments. The low bay, completely air
conditioned, would provide checkout areas and aisle space for the upper
stages and spacecraft. After erection of the first stage on a launcher-umbilical
unit (accomplished by a 250-ton crane at the barge unloading dock), the
crawler would carry it into a high bay through a 43-meter-wide door and
position the launcher on a set of concrete piers. Mating of the remaining
stages would take place in the high bay where five retractable platforms pro-
vided access to the rocket. The launch control center and the central instru-
mentation facility would probably be housed within the VAB, using the
roof as an antenna platform. Deese stated that an early definition of re-
quirements was needed for both facilities.8

VAB design was again discussed at a 31 July meeting convened by
Petrone. Hook height for a 60-ton crane to mate the upper stages was set at
139 meters; the door would extend 3 meters higher. The first of four high
bays would be ready for use in January 1965. The launch control center
would go either on top of the low bay roof or between the transfer portals
that opened to the high bays. Matters were still unsettled at a mid-August
briefing for the center director. When LOC engineering presented a VAB
plan with four enclosed high bays in line, Debus expressed reservations about
the number of bays and the in-line design.?”

The architectural-engineering consortium URSAM won the contract
for detailed VAB criteria in late August 1962 and quickly went to work (see
pp. 222-25). On the 30th, URSAM received a set of documents from the
Cape that included: ‘‘An Evaluation of an Enclosed-in-Line Concept of a
C-5 Vertical Assembly Building,”’ prepared by Brown Engineering Com-
pany; an evaluation of an open concept for the VAB, also prepared by
Brown; NASA organizational charts and schedules; a general site plan of the
Cape Canaveral missile test area; a ‘‘Geology and Soil Report’ made by the
Corps of Engineers the previous June; configurations of the C-5; plans of the
retraction mechanism for the umbilical tower arms; general instructions; and
discussions of the function of the VAB.%

By September a Facilities Vertical Assembly Task Group consisting of
Arthur J. Carraway, Jack Bing, and Norman Gerstenzang of NASA, and
Wesley Allen and Ernest M. Briel of Brown Engineering, was busy defining
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requirements for URSAM—the general layout of the VAB, the needed
shops, general support engineering, and work areas. Some 600 people were
expected to work in the VAB, including 100 Pan American maintenance peo-
ple. A variety of things had to be resolved, from the requirements for a
cafeteria to the umbilical arms in the low bays. On 6 September the group
worked out methods of obtaining critical and emergency power; the cable re-
quirements from the pad to the VAB, from the launch control center to each
high bay, and within each high bay; the power requirements for the launcher
umbilical tower; and the launch control center layout."'

Four days later an URSAM team arrived at the Cape and, in its first
meeting, reached a major decision. It proposed that NASA place the bays in
the VAB back-to-back rather than in-line, to gain the following advantages:

e Availability of all four high bays for vehicle erection and assembly
without any restrictions.

e Reduction in the number of cranes required from seven to three.

e Elimination of extensive handling of the upper stages on rail-
mounted dollies, thus avoiding complex turntable installations and
differential settlement problems.

e Simplification of booster and upper-stage transfer and erection
procedures.

e Greater adaptability for expansion.*?

Another consideration, the paramount one for many LOD engineers, was
the wind load factor. The huge assembly building would be subjected to tre-
mendous wind pressures and a back-to-back design promised more
stability.*3

The Mobile Launch Concept—Debate and Approval

Debus had little trouble with critics of the mobile concept within
LOD. It was a different story outside the launch team. At NASA Head-
quarters, Milton Rosen questioned both cost and feasibility. In early January
1962, he commissioned a launch facility study by three engineers of the Of-
fice of Manned Space Flight. Drawing their information from NASA and
aerospace corporation studies, the team concluded that fixed pads were
preferable to the mobile concept. The judgment rested on three grounds: the
automated checkout equipment and increased reliability of space vehicles
would reduce the minimum interval between launches from a fixed pad to
one month; the high launch rates, for which the mobile concept was designed,
were increasingly unlikely; and the mobile launch concept involved too many
risks and engineering uncertainties.*
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The mobile concept came under more fire in March. On the 6th von
Braun notified Debus that an adverse Air Force report had triggered further
doubts at NASA Headquarters. Debus stuck to his guns and was supported
by Seamans and Holmes. During congressional testimony in early April,
Holmes responded to an inquiry regarding the VAB’s importance:

This is an absolute necessity. It is a basic element in our lunar
program. If we don’t go to this type of vertical assembly, pro-
tected from weather, where assembly can take place with in-
tegrated checkout equipment for our lunar program, I really
think we will end up with the same kind of rather crude
facilities we now have for launching, where we assemble them
on the pad for 2 or 3 months, where we do not have spares,
and it would probably be impossible to use Earth orbital
rendezvous.*’

LOD’s opportunity to defend LC-39 came on 23 March when
Representative Olin Teague’s Manned Space Flight Subcommittee visited the
Cape. After describing the mobile concept’s advantages in general terms of
flexibility and high launch potential, Debus listed seven specific advantages:

Pad staytime reduced to a week.

A minimum of equipment exposed to launch area hazards.
Repetitious testing eliminated by automation.

Pad unaffected by different vehicle stage arrangements since the
transporter-launcher carried the checkout equipment.
Considerable savings in land costs.

* Minimum construction costs for high launch rates.

® Economic utilization of personnel.

Petrone stressed the last two points. LC-37’s $432-million price tag was a
bargain compared with the $900-million cost of nine fixed pads for 36 annual
launches. If LOD planned facilities for a maximum launch rate of 24 per
year, LC-39 still represented a saving of $168 million. One congressman con-
sidered Petrone’s manpower savings estimates the best argument for LC-39.
The complex would employ 2200 men, 1500 fewer than the requirement for
nine fixed pads. The annual savings in salaries would amount to $18 million;
comparing LC-39 to six fixed pads, Petrone estimated savings of $8 million
per year.*

The committee questioned the VAB’s availability for Nova. Petrone
pointed out that Nova dimensions were not firm and postponing LC-39 plans
would delay the Saturn C-5 program. The VAB design would allow
modification at a later date. Col. Clarence Bidgood, Facilities Chief, stated
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that flexibility was desirable at three points in the complex: the assembly
building, the transporter, and the launch pad. Although LOD was attempt-
ing to provide growth potential and a capability for handling solids or
liquids, ‘‘you might build so much expense into it to get flexibility that it
would be very, very uneconomical in the first place.”’ The congressmen were
silent on two important matters affecting LC-39: the likelihood of high
launch rates and the technical problems of the mobile concept. Perhaps they
were unaware of the engineering difficulties that bothered Harvey Pierce and
Milton Rosen. They may have feared delay in a pacing item* of the Apollo
program. As Teague said, the committee was well disposed toward LOD’s
project. Their main concern was defending LC-39 before the House Ap-
propriations Committee.*’

By late May planning on LC-39 was well along; preliminary schedules
called for design criteria contracts within three months. Debus moved to
secure approval of the mobile concept at the Office of Manned Space Flight
Management Council meeting on 29 May 1962. He acknowledged that
launch rates were at a break-even point and cost savings no longer a major
factor. LC-39, however, offered distinct technical advantages. Milton Rosen
accepted Debus’s arguments, but thought there should be further study of
the disadvantages. Robert Gilruth expressed MSC’s concern that LC-39
would not provide servicing of the spacecraft at the pad. Von Braun then in-
terjected a telling point. The fundamental question, the Huntsville director
stated, was whether they believed ‘‘a space program is here to stay, and will
continue to grow.”’ The Council responded with approval of Debus’s plan.*®

Despite the vote of confidence, the issue reappeared at the 22 June
Management Council meeting. Rosen warned that LC-39 would be three
years in the making and any slippage would delay the launch program. He
recommended modifying the complex to allow for on-pad assembly. As a
compromise Debus suggested transporting the arming tower to the pad for
assembly purposes or spacecraft checkout.” Although Holmes requested
more information pending a final decision, the mobile concept was a virtual
certainty. Rosen had told Debus on the 15th not to worry about further ques-
tioning; Headquarters was going along with LC-39.4°

*The term pacing item refers to a facility or equipment that is essential to a program, with little or
no margin for delay. During the Apollo program different items earned this distinction. In the spring of
1962, the Mississippi Test Facility (where the C-5's first stage would be test-fired) and LC-39 were pacing
items.

"Most members of LOD wanted a stationary arming tower midway between the assembly
building and the pad. Ernest Briel’s 31 July notes from a Petrone meeting include the statement, ‘‘an AT
arming tower NOT to be used as service structure.”” Because of weight constraints, the service arms on the
launcher-transporter could not provide 360° of access to the spacecraft. MSC’s insistence on this capability
eventually forced LOD to accept a mobile service structure (see pp. 130, 163).
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June 1962 brought other Apollo decisions, including selection of
lunar-orbital rendezvous (LOR) for the mission mode. NASA had studied
the issue since the late 1960s. At first, either direct flight with a Nova or
earth-orbital rendezvous (EOR) with Saturns seemed likely choices; but by
May 1962, debate had narrowed to EOR versus LOR. Lunar-orbital enthusi-
asts at Langley, Houston, and Headquarters stressed the advantage of landing
on the moon with a light vehicle specially designed for the mission. MSFC
engineers continued to support EOR for practical as well as technical
reasons: much of their workload would disappear if EOR was dropped. An
impasse seemed likely, until von Braun announced his support for the lunar-
orbital mode on 7 June. The decision was brought on by the influence of
LOR’s technical advantages, assurances that Headquarters would compen-
sate MSFC with new tasks, and concern for the Apollo program. In explain-
ing the about-face to his Huntsville team, von Braun stated: ‘‘If we do not
make a clear-cut decision on the mode very soon, our chances of accom-
plishing the first lunar expedition in this decade will fade rapidly.””>® With
Houston and Huntsville in agreement, the matter was pretty well settled. The
Management Council and Administrator Webb approved LOR within a
month. At its 22 June meeting the Management Council also endorsed imme-
diate development of a lunar excursion module and an intermediate rocket,
the Saturn IB. The new member of the Saturn family would use an uprated
S-I stage (first stage of the Saturn C-1) and the new S-1VB stage for testing
the Apollo spacecraft in earth orbit.’!

The summer’s weekly staff reports to Debus reveal the breadth of
L.C-39 activities. On 5 July Karl Sendler reported on the telemetry studies of
the Manned Lunar Landing Program (MLLP) Instrumentation Planning
Group. Two weeks later the group organized an eight-man task force to
determine LC-39’s requirements for weather data. The continuing dispute
over LC-39 siting was a frequent topic of Colonel Bidgood’s Facilities Office
reports. On 5 July Bidgood notified Debus that a site proposal was ready for
the MLLP Joint Facilities Planning Group; it called for placing the complex
near the ocean. Although the Air Force no longer insisted that NASA place
LC-39 north along the Mosquito Lagoon, it wanted the complex 4.5
kilometers inland. Air Force officials believed that location would provide
space for additional launch complexes at a later date. The matter dragged on
for six more weeks before the Air Force Missile Test Center yielded. Bidgood
reported two major achievements on 23 August: Air Force concurrence on
siting and initiation of criteria work for LC-39.32

The Launch Support Equipment Office began a study of the mobile
arming tower in June, following Debus’s offer to investigate the matter for
the Management Council. Poppel announced the study’s completion in his
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16 August report: ““it is not only feasible but highly recommended since this
added flexibility to the C-5 complex can be achieved with little increase in
cost.”” The flexibility concerned the use of the mobile arming tower to erect
upper stages at the pad if necessary. The study rejected using the 116-meter
tower to erect the booster, since the addition of a huge crane would impose
severe structural problems.>?

LC-39 was the sole topic at a meeting of the Launch Operations
Working Group on 18-19 July that brought together 113 representatives
from LOD, MSFC, and the launch vehicle contractors: Boeing, North
American, Douglas, and General Electric. In Petrone’s absence, Phillip
Claybourne and William Clearman chaired the sessions. Claybourne’s wel-
coming remarks described the role of the working group panels, teams that
were to be organized later in the day to exchange information and accom-
plish specific tasks. Clearman followed with a general description of LC-39.

Following Donald Buchanan’s report on the crawler and launcher-
umbilical tower, Chester Wasileski briefed the meeting on propellant systems.
Although LC-39 would involve no new propellants, loading requirements
would dwarf LC-34 operations. Each pad would need storage for approxi-
mately 3407000 liters of LOX, 946 000 liters of RP-1, 2460000 liters of LH,,
and 946 000 liters of LN,. Propellant loading rates would be:

S-1C 38000 liters per minute of LOX
7600 RP-1

S-11 19000 LOX
38000 LH,

S-IVB 3800 LOX
15200 LH,

LOC planned to automate propellant loading on all Saturn launch sites; con-
trols in the launch control center would operate through the data link on the
launcher. A compression-converter facility near the VAB would provide
gases to charge high-pressure spheres on the launch vehicle and to keep
certain ground support equipment free of moisture and dust. Wasileski pro-
posed redundant sensors in the loading system and asked the panels for fur-
ther comment.

Robert Moore and Bradley Downs of the Firing-Equipment Design
Group (Launch Support Equipment Office) described the seven arms of the
launcher-umbilical tower that would provide personnel access and support
electrical cables, propellant lines, and pneumatic lines to the launch vehicle.
Prior to the rocket’s first motion, five arms would disconnect and begin
withdrawal. Arms 4 and 6, providing hydrogen vent ducting and services to
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the S-II stage and the instrumentation unit, would retract at liftoff. Moore
asked the groups responsible for individual stage operations to reexamine
their service needs. Lengthy but inconclusive debate followed on a remote
reconnect capability for aborted missions.

With this meeting, LC-39 was just about ready to go. After it won
final approval, Marvin Redfield, co-author of the NASA Headquarters
report that had criticized the mobile concept, congratulated his friend, Rocco
Petrone, but insisted the price would far exceed the launch team’s estimates.
Petrone accepted the challenge, wagering a case of Scotch that costs would
not run over $500 million. The bill eventually came to about $500 million
despite a significant reduction in LC-39 components, e.g., four high bays in-
stead of six in the VAB. When Petrone insisted he had won the bet, Redfield
grudgingly agreed to pay, but only one bottle at a time. On the occasion of
the first payment, Petrone, either doubting the fairness of his victory or in-
fluenced by the good cheer, absolved Redfield of further payments.>*

The General Accounting Office was less jovial about the $500 million
price tag. A report in 1967 would imply that LC-39 had been a costly
mistake, a conclusion that NASA would strenuously oppose (pp. 432-34).
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Tue LaAunca DirectorATE BECOMES AN
OreraTinG CENTER

Growing Responsibilities at the Cape

By the time Apollo 11 put Neil Armstrong and Edwin Aldrin on the
moon, Apollo field operations were divided among three NASA installa-
tions. Marshall Space Flight Center supervised the development of the
launch vehicle, the Manned Spacecraft Center in Houston the spacecraft,
and Kennedy Space Center assembled, tested, and launched the combina-
tion. The actual construction was done by contractors from all over the
United States; but generally speaking, management responsibility was di-
vided as described above, with fairly well defined boundaries and a minimum
duplication of effort.

This neat packaging was not achieved in a single bound, but was the
result of an evolutionary process accompanied by much discussion, some
backing and filling, and a few attempts at empire building. A main step in
the process was the elevation of the Launch Operations Directorate (LOD),
previously part of Marshall, into the Launch Operations Center (LOC) on a
par with Marshall. This was a good two years in the doing, during which time
Debus had to meet increased responsibilities with limited manpower and
authority. Mindful of his difficulties, his superiors at Marshall proposed in
the spring of 1961 to expand LOD’s organization to include new offices for
program control, financial management, purchasing and contracting, con-
struction coordination, and management services. With President Kennedy’s
message of 25 May 1961, it became obvious that the manned lunar landing
program was going to be a very big project and that NASA’s launch team at
Cape Canaveral would need corresponding status.

General Ostrander requested Debus to develop organizational pro-
posals; he responded on 12 June 1961 with three plans. The first called
essentially for the maintenance of the status quo, the second for a launch
organization providing administrative support to launch teams from the
NASA centers, and the third for an independent Launch Operations Center
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to serve all of NASA.* All three called for a single point of contact at the
Atlantic Missile Range, an in-house capability for monitoring launch opera-
tions, and an independent status in master planning, purchasing and con-
tracting, and financial and personnel management. Debus talked over these
proposals with von Braun who in turn discussed them with Ostrander.'

The three proposals show Debus leaning over backward to avoid any
suggestion of officiousness. He was equally convinced, however, that a suc-
cessful launch program required an experienced team with full powers at the
launch site. He set out this thought some six weeks later in a letter to
Eberhard Rees, the Marshall Space Flight Center Deputy Director for
Research and Development. The letter was occasioned, not by the reorganiza-
tion proposals, but by a delay in the assembly of the SA-1 booster at Hunts-
ville. Debus agreed to let the work be finished at the Cape, but made it plain
that this set no precedent. Writing to Rees, Debus noted that any MSFC divi-
sion might prefer to send engineers to conduct the related part of the launch
operations. Von Braun had tried this at White Sands and found it wanting.
With the Redstone, a permanent launch team had been set up as an integral
part of the Huntsville organization, and this had worked well the past nine
years. Now, given the complexity of the Saturn, it was the only satisfactory
approach.

Placing the responsibility for launch checkout with the Huntsville of-
fices that had designed and built the Saturn could only lead to difficulty. If
similar arrangements were made with all booster, stage, and payload con-
tractors, the situation would become impossible.? Agreeing to the exception
for SA-1, Debus insisted that henceforth Huntsville hardware be shipped in
as complete form as possible, and after Huntsville’s final inspection. At the
Cape, ‘“‘all participants, including contractor personnel, must be supervised
and coordinated by one launch agency.’’ Debus stated that LOD would per-
form any function ‘‘that has been or will become a standard requirement at
the launch site.””3

In the meantime, the Deputy Director of Administration at Marshall
Space Flight Center, D. M. Morris, recommended to NASA Headquarters
that the Launch Operations Directorate have greater authority and stronger
support services under its control. Following on this, Harry H. Gorman,
Associate Deputy Director for Administration at Huntsville, wrote Seamans
at NASA Headquarters on 26 September 1961 recommending greater finan-
cial and administrative independence for LOD. Gorman noted that the

*While the public has always tended to identify NASA with manned spaceflight, NASA had from
its beginning several unmanned projects. These were managed by such centers as Lewis, Langley, and
Ames; in some cases, the vehicles were launched from Canaveral. Completely independent of Marshall,
such launches complicated matters for LOD.
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distance between Huntsville and Cape Canaveral was producing a communi-
cations gap, that LOD’s dependence on Marshall impaired efficiency, and
that the increased work load falling on LOD and other NASA elements at the
Atlantic Missile Range dictated a larger role for LOD. Gorman suggested
that LOD assume responsibility for services still performed for it by Marshall
offices in programming, scheduling, procurement, and contracting; that it
increase its personnel in some existing support elements; and that it lease off-
base facilities near Cocoa Beach to house such activities as financial manage-
ment, procurement and contracts, and construction coordination. He urged
the immediate hiring of 75 more employees.*

The day following Gorman’s letter, Debus completed a second posi-
tion paper on ‘‘Launch and Spaceflight Operations.’* He noted ‘‘the current
expansion of NASA activities, the magnitude and complexity of future space
programs, the requirement for rapid overall growth potential and the
resulting need for clear lines of responsibility and authority’’; and he called
for a “‘competent organization of NASA elements.””> Debus evaluated two
plans in a third proposal on 10 October 1961. The first would put administra-
tion and management, general technical and scientific fields, facility plan-
ning and construction, checkout and launch, and operational flight control
under a single launch organization reporting to NASA Headquarters. The
second would leave operational flight control and some aspects of checkout
and launch under the individual launching divisions of their parent centers.5

Von Braun supported the first alternative: ‘““This study brings the
NASA-wide launch operations problem very well in focus,”” he wrote. ‘I
consider Plan I the superior plan for the accomplishment of NASA’s objec-
tives [manned lunar landing in this decade] but its implementation will re-
quire a ringing appeal to all centers for NASA-wide team spirit in lieu of
parochial interest.””” Seamans insisted that personnel at Headquarters give
major attention to the matter in the next two weeks. Debus was later of the
opinion that Seamans initiated the entire discussion.?

Von Braun was correct in assuming that raising LOD to the status of a
separate center would meet serious objections from vested interests in NASA.
Harry Gorman’s arguments from the administrative standpoint were not sec-
onded in the engineering divisions. Eberhard Rees, for one, leaned against
separation; if it should prove necessary, he preferred the alternate plan,
wherein a Launch Operations Center would control administration and
management, general technical and scientific fields, and facility planning and
construction, with the launching divisions of the various centers still control-
ling their flight operations and some aspects of checkout and launching.
Most of von Braun’s staff opposed the separation of the launch team from
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Huntsville. There was some feeling that they would be working in the fac-
tory, while the Debus launch team in Florida would enjoy the action and the
spotlight. Heated debates continued through a cold winter.’

The Argument for Independent Status

NASA meanwhile began construction of the Manned Spacecraft
Center at Houston in late 1961. This center had its own launch team, first
called the Preflight Operations Division, later the Florida Operations Group,
with launch responsibility for the current manned space program, Mercury.
The entire relationship of LOD with the Manned Spacecraft activities in
Houston and Florida needed definition. Would Houston or LOD control
Apollo launches? Debus believed ‘‘that there would be serious problems if
the Manned Spacecraft Center thought the launch group was always being
loyal to another Center [Huntsville]. What was needed was a launch Center
that could be loyal to any Center.”” To summarize the case for an indepen-
dent launch center: the Florida operation had to be on a par with Huntsville
and Houston; it had to have direct access to Washington rather than through
channels at Huntsville; and it had to be the one NASA point of contact with
the Air Force Missile Test Center—if it was going to provide launch facilities
for Apollo in an efficient and timely manner.'°

NASA announced on 7 March 1962 that it would establish the center
as an independent installation. Debus continued in charge, reporting to the
Director of Manned Space Flight, D. Brainerd Holmes, at NASA Headquar-
ters. Theoretically the new Launch Operations Center (LOC) would serve all
NASA vehicles launched from Cape Canaveral and consolidate in a single
official all of NASA’s operating relationships with the Air Force Com-
mander at the Atlantic Missile Range. NASA replaced Marshall’s Launch
Operations Directorate with a new Launch Vehicle Operations Division
(LVOD) in Alabama. However, Debus would be director of both LOC and
the new LVOD and Dr. Hans Gruene would also wear ‘‘two hats’’ as deputy
director.!" The creation of the Launch Vehicle Operations Division under
Marshall, but with Debus as director, may seem to reflect a reluctance to
grant the Launch Operations Center independent status, but was more likely
intended to ensure that the Debus team stayed in charge of the Saturn flight
program regardless of its tenure at LOC.

According to John D. Young, NASA Deputy Director of Administra-
tion, LVOD was ‘‘an interim arrangement to provide additional time to care-
fully consider to what extent, if any, the electrical, electronic, mechanical,
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structural, and propulsion technical staffs of the present Launch Operations
Directorate of MSFC should be divided between MSFC and LOC.”’!? Debus
saw the matter in a somewhat different light: “‘LVOD was strictly a compro-
mise measure to overcome the problem within von Braun’s own group. All
of his basic contracts were on incentive fees . . .”’; the stage contractors
“‘complained and not unjustifiably, “We pamper stages through here [Hunts-
ville], then give them to a crew at LOC who may louse it up.’ >’ Mistakes
made at the Cape could therefore reduce a contractor’s payment.!3

Debus and Marshall’s Deputy Director Eberhard Rees, acting for von
Braun, signed an interim separation agreement between the Launch Opera-
tions Center and the Marshall Space Flight Center on 8 June 1962. Of the 666
persons assigned to launch operations for the fiscal year 1962, 375 went to
the Launch Operations Office. Independence Day for the Launch Opera-
tions Center was 1 July 1962, This arrangement was to hold until the follow-
ing year when reorganization plans within both NASA centers transferred
the Launch Vehicle Operations Division from Marshall to the LOC on 24
April 1963.'

New Captains at the Cape

The Gorman recommendations and burgeoning activity on the Cape
sparked an increase in the Debus forces in 1961, well before they became the
Launch Operations Center. Lewis Melton, reporting for duty in July 1961,
initiated a rapid expansion of LOD’s Financial Management Office, which
entailed a move to ‘‘off-Cape’’ office space in the cities of Cape Canaveral
and Cocoa Beach.!?

On the recommendation of Maj. Raymond Clark and Richard P. Dodd,
Debus requested the assignment of Capt. A. G. Porcher, of the Army Ord-
nance Missile Center Test Support Office at AMR, to LOD. Debus appointed
Porcher LOD liaison officer with the Corps of Engineers for construction
matters. Clark served in a similar liaison capacity between LOD and the Air
Force. A 1945 West Point graduate, Clark had been with the Missile Firing
Laboratory in the mid-1950s and was reassigned to the NASA Test Support
Office in July 1960. He served on the test support team that represented both
the Air Force Missile Test Center and NASA. The Debus-Davis study
brought his skills to the fore. During the next two years he would represent
LOD in a series of complicated negotiations with the Air Force.!®

In January 1962, the Launch Operations Directorate established its
own procurement office—a task previously handled under the supervision of
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Marshall. Gerald Michaud, the first procurement officer, handled contracts
for $30000000 worth of support equipment for launch complex 37.
Michaud, like Melton, had to seek off-Cape office space.'”

The Materials and Equipment Branch of LOD had worked under the
supervision of the Technical Materials Branch at Huntsville until the begin-
ning of 1962, when a joint supply operating agreement went into effect. By
June 1962 the LOD branch was operating as an independent NASA supply
activity.!8

In this same period, Debus set up the Heavy Space Vehicle Systems
Office with Maj. Rocco Petrone as director. Petrone’s responsibility for the
Saturn C-5 included facilities, operations, and site master planning. In the
third area, he co-chaired, with an Atlantic Missile Range representative, the
Master Planning Review Board that regulated the development of Merritt
Island and ensured that site development met NASA requirements.

The direct supervision of facilities on LC-39 fell to Col. Clarence
Bidgood, a West Point graduate with a master of science degree in engineer-
ing from Cornell, and a survivor of Bataan and four years in a Japanese
prison camp. Described as a ‘‘no-foolishness hard worker,”” Bidgood had
packed a variety of experience into his postwar years that included flood con-
trol work and construction of U.S. airfields in England. He began working
for LOD in November 1961 and took charge of the Facilities Office in Feb-
ruary 1962. Bidgood turned his attention in his initial year to three major
functions: the acquisition of real estate on Merritt Island and the False Cape;
organization of the Facilities Office for the criteria design and construction
of LC-39; and the establishment of requirements for LC-39 by the various in-
dividuals, firms, panels, and centers involved in Apollo.'?

The Launch Support Equipment Office under Theodor Poppel and
Lester Owens, Deputy Director, retained the design responsibilities for vehicle-
associated support equipment. This group remained at Huntsville in order to
coordinate the work of designing and launching the vehicles. At von Braun’s
suggestion, Debus took Poppel’s group under his jurisdiction.2’

In the enlargement of its staff after 1 July 1962, the Launch Opera-
tions Center gave priority to individuals who had performed as administra-
tors in similar areas for LOD; and, for other positions of importance, to
Marshall personnel with appropriate skills. Associate Director for Adminis-
tration and Services C. C. Parker, who had served as Management Office
Chief at Anniston Ordnance Depot before joining LOD, interviewed the
prospective section chiefs and Debus made his final choice from the candi-
dates recommended by Parker.?!

As a result of internal growth and the acquisition of the LVOD per-
sonnel in May, LOC’s personnel strength rose almost 400% between July
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1962 and July 1963. More offices were forced to seek quarters in the cities of
Cape Canaveral and Cocoa Beach. In the case of Procurement and Con-
tracts, the move from military security at the Cape allowed easier access for
outside contacts. The location of Public Affairs at Cocoa Beach facilitated
relations with Patrick Air Force Base, the contractor offices, and the press.?

Most Launch Operations Center personnel remained on the Cape,
where LOD had been a tenant. Some NASA elements continued as tenants in
Air Force space for several years. In this period many offices had to get by
with inadequate facilities, which impaired morale and reduced productivity.
George M. Hawkins, chief of Technical Reports and Publications, pointed
out that four technical writers worked in an unheated machinery room below
the umbilical tower at LC-34. At one time pneumonia had hospitalized one
writer and the others had heavy colds. When it came time to install machinery
there, they urgently requested assignment to a trailer. Russell Grammer,
head of the Quality Assurance Office, established operations in half a trailer
at Cape Canaveral with seven employees. When the staff grew to 13 times
that size, his force had to expand into other quarters. The Quality Assurance
people worked in such widely scattered places as an old restaurant on the
North Cape Road, a former Baptist church on the Titusville Road, a resi-
dence on Roberts Road, and numerous trailers.??

Organizing the Launch Operations Center

Recognizing the magnitude of Apollo, NASA Headquarters in late
1962 and early 1963 relieved the manned spaceflight centers of certain other
responsibilities. Management of the Atlas-Centaur and Atlas-Agena was
transferred from Marshall to Lewis Research Center. In February NASA
released LOC from responsibility for launching these vehicles and gave it to
the Goddard Space Flight Center’s Field Projects Branch.?

As NASA’s agent, LOC generally furnished support and services for
all launches, manned and unmanned, conducted by the launch divisions
from NASA’s several centers. But in its chief role as a launch agent for the
Office of Manned Space Flight, its principal business during this period was
the planning and designing of launch facilities for Apollo. On 10 January
1963 NASA announced that LOC was responsible for overall planning and
supervision of the integration, test, checkout, and launch of all Office of
Manned Space Flight vehicles at Merritt Island and the Atlantic Missile
Range, except the Mercury Project and some elements of the Gemini Project.
What the phrase, ‘‘all OMSF vehicles,’’ fails to reveal is that the only other
authorized manned spaceflight project at the time was Apollo. Almost all of


https://Branch.24
https://trailers.23
https://press.22

140 MOONPORT

the work at Houston and Marshall in 1963 was devoted to the manned space
program. At the Launch Operations Center, most of the planning and the
new construction work was also for manned spaceflight, and this was increas-
ingly Apollo.?

Indeed, the first task was to organize for the construction effort. The
Webb-McNamara Agreement of January 1963 (see p. 105) had helped clear
the air by firmly establishing NASA’s jurisdiction over Merritt Island. The
question of whether LOC was to become a real operating agency or a logistics
organization supporting NASA’s other launch teams was still unresolved.
The Manned Spacecraft Center’s Florida Operations, for instance, still re-
ceived technical direction from Houston. Debus had no place in this chain of
command. The transfer of launch responsibility for the Centaur and Agena
vehicles from LOC to Goddard Space Flight Center, while a step toward
LOC’s concentration on Apollo responsibilities, was a step away from cen-
tralization of launch operations. The Launch Vehicle Operations Division re-
mained under Huntsville until April. Several areas of overlapping jurisdic-
tion called for resolution. A few section chiefs were certain that they were
best qualified to determine their own functions. As Colonel Bidgood said,
“Everybody was trying to get a healthy piece of the action.”’?

The publication of basic operating concepts in January 1963 made
LOC responsible ‘‘for construction of NASA facilities at the Merritt Island
or AMR launch site.”’?’” The LOC Director was empowered to appoint a
manager for each project and, in conjunction with other participating agen-
cies, write a project development plan. Debus was also required to prepare a
‘“‘basic organization structure’’ for the approval of Headquarters.

Debus submitted the required proposal early in 1963. It called for five
principal offices: Plans and Project Management, Instrumentation, Facilities
Engineering and Construction, Launch Support Equipment Engineering,
and Launch Vehicle Operations.?® As so often under Debus, the changes in
title did not involve changes in personnel. To the five key posts, he assigned
men for whom the new responsibilities would be continuations of their
earlier tasks—Petrone for Plans and Projects, Sendler for Instrumentation,
Bidgood for Construction, Poppel for Launch Support, and Gruene for
Launch Vehicle Operations. These staff elements carried out the major func-
tions of management, design, and construction of launch facilities and sup-
port equipment for the Apollo program. Other staff elements (public affairs,
safety, quality assurance, and test support) dealt largely with institutional
matters. NASA Daytona Beach Operations, established on 23 June 1963 to
represent NASA at the General Electric plant there, made up another ele-
ment reporting directly to the Center Director. On 24 April 1963, Deputy
Administrator Dryden approved LOC’s proposed reorganization—except
for the Daytona Beach office, which was approved subsequently.?’
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Under Petrone were two Saturn project offices, one responsible for
the early Saturn vehicles, the other for a larger Saturn to come. Both offices
were to plan, coordinate, and evaluate launch facilities, equipment, and
operations for their respective rockets. Another office was responsible for
projects requiring coordination between two or more programs. Other
elements of Petrone’s staff were responsible for resources management, a
reliability program, scheduling, and range support. These responsibilities,
especially for resources management and coordination, gave Petrone
substantive control over the development of facilities, a control he showed
no reluctance to exercise fully. Spaceport News, the LOC house organ that
began publication in December 1962, described the role that Petrone would
play in the new organization in its 1 May 1963 edition. As Assistant Director
for Plans and Programs Management, the paper declared, Petrone

will function as the focal point for the management of all pro-
gram activities for which LOC has responsibility. In this ca-
pacity, he is responsible for the program schedule and for
determining that missions and goals are properly established
and met. He will formulate and coordinate general policies and
procedures for the LOC contractors to follow at the AMR and
MILA [Merritt Island Launch Area].*°

Bidgood organized his division along functional lines, with titles
clearly descriptive of responsibilities—a Design and Engineering Branch,
Construction Branch, and a Master Planning and Real Estate Office. Most
of Bidgood’s personnel came from the former Facilities Office, which he had
organized several months earlier around a nucleus of R. P, Dodd’s Construc-
tion Branch, the Cape-based segment of Poppel’s former office. He
recruited others from such agencies as the Corps of Engineers Ballistic
Missile Division in California.?' Bidgood was shortly to retire from the Army
and to relinquish his LOC post to another Corps of Engineers officer, the
less outspoken but equally competent Col. Aldo H. Bagnulo.

Poppel organized the four branches of his division along equipment
responsibility lines, extending in each case from design through completion
of construction. One branch was responsible for launch equipment (primary
pneumatic distribution systems, firing equipment, and erection and handling
equipment); one for launcher-transporter systems; a third for propellant
systems; and a fourth for developing concepts for future launch equipment.

Something more should perhaps be said to differentiate the last two
divisions. In terms of specific launch facilities and ground support equip-
ment, Bidgood was responsible for what was commonly, if inadequately,
called brick-and-mortar construction: the vehicle assembly building, launch
control center, launch pads, and crawlerway. Poppel supervised construction
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of the launcher-umbilical tower, crawler-transporters, and propellant and
high-pressure-gas systems. Later, the arming tower was assigned to Bidgood.

With the exception of the arming tower (later modified and redesignated the
mobile service structure), Bidgood’s area largely involved conventional con-
struction. Poppel’s responsibilities were more esoteric; no one could readily
formulate plans and specifications in what were new areas of construction.
The two divisions also operated differently. Bidgood’s division used the
Corps of Engineers for all contract work, from design through construction
to installation of equipment. Poppel’s division depended on commercial pro-
curement and contracting. Although Bidgood and Poppel, like Petrone,
reported directly to Debus, and although the organization chart showed no
link between divisions, the functional statements in the “LOC Organization
Structure’’ manual assigned responsibility for coordination of launch facili-
ties to Petrone.3?

The reorganization also clarified the relationship of Launch Vehicle
Operations personnel to MSFC and LOC. Although assigned to LOC for
operational and administrative matters, they remained under Marshall’s
technical direction for engineering. The ‘‘development operational loop”’
that had characterized the old MSFC-LOC relationship remained. This loop
implemented the propositions that no launch team could be effective unless it
participated in the development of a space vehicle from its inception, and
that planners had to consider operational factors early in the design of the
space vehicle and maintain this awareness throughout the development cycle.
In representing Marshall contractors at Merritt Island and the Atlantic
Missile Range, the Marshall Director retained authority to modify any
responsibilities delegated to LOC, to interpret Marshall contracts for LOC
and the contractors, and to direct the contractors with respect to contract im-
plementation, including instances when disagreements might arise between
LOC and the Marshall stage contractors.??

During these months, LOC spawned a great number of boards, com-
mittees, panels, teams, and working groups. In September 1963, C. C.
Parker, Assistant Director for Administration, undertook to delineate the
spheres and activities of these groups. Six panels dealt with facilities, propel-
lants, electricity, tracking, launching, and firing. Committees handled incen-
tive awards, grievances, suggestions, honors, automatic data processing, and
five distinct areas of safety. Boards oversaw property, architect-engineering
selection, and project stabilization. The personnel of these groups rarely
overlapped, as distinctive disciplines required expertise of a particular nature.
A significant team, by way of example, was the LOC MILA Planning Group,
appointed by Debus on 6 February 1963 under the chairmanship of Raymond
Clark. It looked into unsolved issues in relations with the Air Force Missile
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Test Center, recommended divisions of responsibility among various ele-
ments of LOC, and established priorities to assure cooperation.>* The infor-
mality of early operations on the Cape was disappearing in the growth of a
mighty endeavor.

In the midst of all this organizational activity, one of the most able
men to come to the Cape arrived as Deputy Director of the Launch Opera-
tions Center in early spring of 1963. Albert F. Siepert had been NASA’s
Director of Administration since its beginning in 1958. This 47-year-old
Midwesterner had played a key role in the basic organization of NASA and
in arranging the transfer of the von Braun team from the Army. Previous to
his work with NASA, he had won the Health, Education, and Welfare
Department’s distinguished service award. A fine administrator and a great
extemporaneous speaker—he could organize his thoughts in a few moments
and speak without hesitation or repetition— he wanted to work in the field
and requested a transfer to one of the centers. At LOC, he became respon-
sible for the organization and overall management of center operations and
had the further responsibility of maintaining good relations with local com-
munities, the Air Force, the Corps of Engineers, other NASA field centers,
and various contractors.3*

““Grand Fenwick’’ Overtakes the U.S. and USSR

In spite of the launchings at the Cape, the development of the Launch
Operations Center, the agreements between the Air Force and NASA, the
preliminaries for the construction of launch complex 39 and the industrial
area on Merritt Island, not all was ultraserious. The Spaceport News for 20
June 1963 carried this interesting headline: ‘“The Duchy of ‘Grand Fenwick’
Takes Over the Space Race Lead.’”’ The article told of the premiere of a
British movie, a space satire called Mouse on the Moon, at the Cape Colony
Inn on the previous Friday. Distributed by United Artists, the movie was a
sequel to the popular The Mouse That Roared of several years before.

The Mouse That Roared had centered around the attempt of the
Duchy of Grand Fenwick, a mythical principality near the Swiss-French
border, to wage an unsuccessful war against the United States in the hope
that the United States would pour millions of dollars into the nation for
rehabilitation. Surprisingly, the war turned out to be a huge success for the
Grand Fenwick Expeditionary Force. It captured a professor at Columbia
University, a native of Grand Fenwick, who had invented the ‘‘bomb to end
all bombs.’” By threatening to use the bomb on all the major nations of the
world, Grand Fenwick brought universal peace.
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In the sequel, Mouse on the Moon, Grand Fenwick, faced again with
a disaster in its main industry, wine-making, requested a half-million-dollar
loan from the United States. Instead the United States granted a million
dollars to further Grand Fenwick’s space program and show America’s
sincere desire for international cooperation in space. Not to be outdone,
Russia gave one of its outmoded Vostoks. The scientists of Grand Fenwick
found that the errant wine crop could fuel this rocket. They sent the
spacecraft to the moon, beating both the American and Russian teams. The
U.S. and USSR spacecraft landed shortly after the Duchy’s. In hasty at-
tempts to get back first, both Russians and Americans failed to rise from the
lunar surface. As a result, Grand Fenwick’s Vostok had to rescue both crews.

The British stars, James Moran Sterling and Margaret Rutherford,
came to Cocoa Beach for the world premiere, as did Gordon Cooper and his
family, and many of the dignitaries of the Cape area. For a moment the
tensions at the spaceport ceased, and the men caught up in the space race
enjoyed a good laugh at their own expense.

Mid-1963: A Time of Reappraisal

““The first and the most truly heroic phase of the space age ended in
the summer of 1963, wrote Hugo Black, Brian Silcock, and Peter Dunn in
Journey to Tranquility. ‘“Two years had passed since President Kennedy’s
commitment to the moon. They were to the public eye, the years of the astro-
naut; a period when this strange new breed of man was established as
something larger than ordinary life, with gallantry and nerve beyond the
common experience.’’ This vision stemmed from the novelty of the situation,
the ruggedness of some of the characters among the original seven, and partly,
too, from the nature of the Mercury program. ‘‘Somehow one man in a cap-
sule, alone in the totally unfamiliar void, more easily acquires heroic status
than two or three men facing the ordeal together.’’ The last flight of the Mer-
cury series, by Gordon Cooper in May 1963, the authors concluded, ‘“‘was
the last appearance of the astronaut-as-superman.’’36

That summer marked more than the end of Mercury, as people began
to realize for the first time what the moon program really meant. Before
that, Kennedy’s words had mesmerized them. NASA had gone about its
work in an atmosphere of public consent and mute congressional approval.
It had decided how to go, where to go, and who should go. The general
public accepted the basic lines of the gigantic undertaking. Now the very con-
cept of Apollo began to be questioned. When the great debate that Kennedy
had asked for two years before finally got under way, scientists began to see
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that the space program made distorting demands on skilled manpower,
economic resources, and human determination. And they began to ask if it
was really worth doing. Did we have to beat the Russians? Was this the most
important scientific effort we could perform? Was NASA perhaps traveling
too fast? The President himself seemed to have his doubts when he began to
suggest joint space efforts with the Russians.

The President had not anticipated NASA in this. In March 1963 the
Dryden-Blagonravov agreement on space communications and meteorology
suggested that cooperation was feasible.’” In an address to the United Na-
tions General Assembly on 20 September 1963, President Kennedy stated
that joint U.S.-USSR efforts in space had merit, including ‘‘a joint expedi-
tion to the moon.”” He wondered why the two countries should duplicate
research construction and expenditures. He did not propose a cooperative
program, but the exploration of the possibility.3*

On the next day, Congressman Albert Thomas, Chairman of the House
Appropriations Subcommittee on Independent Offices, wrote the President
to ask if he had changed his position on the need for a strong U.S. space pro-
gram. The President replied on 23 September that the nation could cooperate
in space only from a position of strength and so needed a strong space pro-
gram.*®

Scientists began to talk of other priorities, such as the declining water
table in the West and the challenge of oceanography. Lloyd Berkner, to be
sure, still took a strong stand for Apollo, chiefly concerning himself with the
project as a national motivating force. He had been one of the original pro-
moters of the launching of a satellite during the International Geophysical
Year. Berkner’s grand vision satisfied many on Capitol Hill. But a majority
of scientists still seemed to question the entire program. They felt that the
President had proposed the lunar landing in a period of panic that had
stemmed from the success of Cosmonaut Yuri Gagarin, first man to orbit the
earth, and the disaster of the Bay of Pigs just seven days later. In November
1963, Fortune magazine summarized the discussion in an article entitled,
“Now It’s an Agonizing Reappraisal of the Moon Race.”’ The author,
Richard Austin Smith, seconded the President’s suggestion to the Soviets for
international cooperation instead of the ‘‘space race,”” which Smith had
originally advocated. Smith discussed three levels of attack on the manned
lunar landing program. First, a practical view held that the investment of
money and talent in Apollo was out of proportion to foreseeable benefits.
Warren Weaver, Vice-President of the Arthur P. Sloan Foundation, had dis-
cussed the many alternatives for educational use of the $20 to $40 billion that
the moon race was expected to cost. Second, some scientists who were enthu-
siastic about space exploration feared that Apollo and other man-in-space
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programs would swallow up the funds that could go to unmanned programs,
which they saw as more efficient gatherers of scientific information. Third, a
growing number of scientists had reached the conclusion that no appreciable
benefits of any sort would come from the Apollo program. Philip Abelson,
Director of the Carnegie Institution’s Geophysical Laboratory and editor of
Science, the journal of the American Association for the Advancement of
Science, had recently conducted an informal survey and found an over-
whelming number of scientists against the manned lunar project. ‘‘I think
very little in the way of enduring value is going to come out of putting man
on the moon—two or three television spectaculars—and that’s that,”’
Abelson stated. ““If there is no military value—people admit there isn’t—and
no scientific value—and no economic return, it will mean we would have put
in a lot of engineering talent and research and wound up being the laughing
stock of the world.”’ After discussing these three objections to the Apollo
program, author Smith admitted that the most persistent justification for the
moon race was the matter of prestige. He suggested continuing the space pro-
gram but abandoning the ‘‘crash’’ timetable in favor of one that placed the
moon in its perspective as one way-station in the step-by-step development of
space. Apollo with a lower priority could provide benefits, while allowing
periodic reappraisal.*’

Kennedy’s Last Visit

On 16 November 1963, President Kennedy made a whirlwind visit to
Canaveral and Merritt Island, his third visit in 21 months. Administrator
Webb, Dr. Debus, and General Davis greeted the President as his Boeing 707
landed. At launch complex 37 he was briefed on the Saturn program. The
President then boarded a helicopter with Debus to view Merritt Island, and
flew over the coast line to watch a successful Polaris launching from the
nuclear submarine Andrew Jackson.*!

- The next week the President died by an assassin’s bullet in Dallas. The
new President, Lyndon B. Johnson, announced he was renaming the Cape
Canaveral Auxiliary Air Force Base and NASA Launch Operations Center
as the John F. Kennedy Space Center. With the support of Governor Farris
Bryant of Florida, the President also changed the name of Cape Canaveral to
Cape Kennedy. The next day he followed up his statement with Executive
Order No. 11129. In this he did not mention a new name for the Cape, but
did join the civilian and military installations under one name, thus causing
some confusion. To clarify the matter, Administrator Webb issued a NASA
directive changing the name of the Launch Operations Center to the ‘‘John
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Fig. 35. Dr. George E. Mueller briefing President Kennedy in pad 37 blockhouse, November 1963. Note
the periscopes. L to R: George Low, Kurt Debus, Robert C. Seamans, Ir., James E. Webb, Kennedy,
Hugh L. Dryden, Wernher von Braun, Maj. Gen. Leighton 1. Davis, and Senator George Smathers.

Fig. 36. Seamans, von Braun, Kennedy, November 1963.



148 MOONPORT

F. Kennedy Space Center, NASA,”’ and an Air Force general order changed
the name of the air base to the ‘“Cape Kennedy Air Force Station.”” The
United States Board of Geographic Names of the Department of the Interior
officially accepted the name Cape Kennedy for Cape Canaveral the following
year.*?

People at the Cape seemed to approve the naming of the spaceport as
a memorial to President Kennedy. Up to that time, the Launch Operations
Center had only the descriptive name. Debus wrote a little later: ‘““The
renaming of our facilities to the John F. Kennedy Space Center, NASA, is
the result of an Executive Order, but to me it is also fitting recognition to his
personal and intense involvement in the National Space Program.’’* Many
in the Brevard area, however, felt that changing the name of Cape Canaveral,
one of the oldest place-names in the country, dating back to the earliest days
of Spanish exploration, was a mistaken gesture. After a stirring debate in the
town council, the city of Cape Canaveral declined to change its name.*

Washington Redraws Management Lines

On 30 October 1963, NASA announced a revision of its Saturn flight
program, eliminating manned Saturn I missions and the last 6 of 16 Saturn I
vehicles.” NASA discarded the ‘“building block’’ concept and introduced a
new philosophy of launch vehicle development. Henceforth the Saturn
vehicles would go ‘‘all-up’’; that is, developmental flights of Saturn vehicles
would fly in their final configuration (without dummy stages).

George E. Mueller, Holmes’s replacement as Director of the Office of
Manned Space Flight, made the ‘“all-up’’ decision.* Mueller came to his new
position from a vice-presidency at Space Technology Laboratories. STL
provided engineering and technical assistance to the Air Force on its missile
programs, including Minuteman, where the all-up concept was first
employed. Despite some mishaps—the first attempt to launch a Minuteman
from an underground silo at the Cape (30 August 1961) had resulted in a
spectacular explosion—Mueller was confident that all-up testing would save
NASA many months and millions of dollars on Apollo.** At the OMSF

*Although efforts to have Congress restore the name *‘Canaveral’’ to the Cape failed, Governor
Reubin Askew signed a bill on 29 May 1973 that returned the name on Florida State maps and docu-
ments. On 9 October 1973 the Board of Geographic Names, U.S. Department of the Interior, did likewise
for federal usage.

"The Saturn C-1, C-1B, and C-5 were renumbered Saturn 1, Saturn IB, and Saturn V in 1963.

IProm)unccd *Miller.”” Holmes and Webb had clashed over the amount of NASA’s funds that
Apollo should receive. Holmes wanted to concentrate almost all of NASA’s resources on the lunar mis-
sion while Webb, supported by Vice President Johnson, preferred a more balanced program that would
provide a total space capability including weather, communications, and deep-space satellites. When
President Kennedy sided with Webb, Holmes deparled in mid-1963.
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Management Council Meeting on 29 October 1963, Mueller stressed the need
to “‘minimize ‘dead-end’ testing [tests involving components or systems that
would not fly operationally without major modification] and maximize ‘all-
up’ systems flight tests.”” Two other aspects of Mueller’s all-up concept
directly affected the Cape. The OMSF Director wanted complete (emphasis
is Mueller’s) systems delivered at the Cape to minimize KSC’s rebuilding of
space vehicles. And future schedules would include both delivery dates and
launch dates.*

Two days after the Saturn announcement, NASA published a major
reorganization that combined program and center management by placing
the field centers under Headquarters program directors rather than general
management. Previously, center directors had received project or mission
directives from one or more Headquarters program directors, while direction
for general center operations came from Associate Administrator Seamans.
Following the 1 November reorganization, NASA gave the responsibility for
both overall management of major programs and direction of NASA field
installations to three Associate Administrators: Mueller, Raymond Bispling-
hoff, and Homer Newell. The three Manned Space Flight Centers—Marshall,
Manned Spacecraft, and KSC—would report to Mueller. 46

KSC realigned its organization on 6 February 1964 to conform with
the new NASA structure. At the same time, administrative and technical sup-
port functions were separated, in an attempt to strengthen both; and the
number of offices reporting directly to Debus was reduced, with more
authority and responsibility given to the assistant directors. Henceforth in
the Office of Manned Space Flight at NASA Headquarters and in the three
Manned Space Flight Centers, the functional breakout in all Apollo Program
Management Offices would be: program control—budgeting, scheduling,
etc.; systems engineering; testing; operations; and reliability and quality
assurance. At KSC Rocco Petrone as Assistant Director for Program Man-
agement was also head of the Apollo Program Management Office.’

Data Management

On 29 October 1964, the year of the reorganization, in his weekly
report to Debus, Petrone stated that his office was preparing a KSC regula-
tion for implementation of the instructions received from Headquarters
entitled ‘“‘Apollo Documentation Instruction NPC [NASA Publication Con-
trol] 500-6." This instruction required the following action from each center:
identification, review, and approval of all documents required for manage-
ment of the Apollo program; ‘‘an Apollo document index,”’ cataloguing all
recurring interorganization documentation used by the Office of Manned
Space Flight and the contractors; a ‘‘Center Apollo documentation index’’;
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a ‘“‘documents requirement list,”’ listing all documents required from a
contractor—this list would ‘‘be negotiated into all major contracts of a half
million dollars or over’” and would be part of the request for quotation; and
a ‘‘document requirement description,’’ classifying every item on the ‘““‘docu-
ment requirements list,”’ its contents and instructions for preparation.*®

This instruction, Petrone believed, could provide a strong manage-
ment tool and eliminate many unnecessary documents. The procedure would
classify and catalogue documents and make them readily available to anyone
who had immediate need for them. It would force many contractors, espe-
cially those who had not previously dealt extensively in government contracts,
to clarify in writing the exact nature of their roles in the Apollo program.
Throughout the entire program, specific delineation of each phase would
bring greater clarity to the respective tasks.

At various times Kennedy Space Center put out Apollo document
trees—charts showing the relationship of key documents. On 3 November
1965, for instance, Petrone was to authorize the “‘KSC Apollo Project Devel-
opment Plan’’ under three categories of documents: Apollo Saturn IB Devel-
opment Operations Plan, Apollo Saturn Program Management and Support
Plan, and Apollo Saturn V Development Operations Plan. Within the second
category were ten areas of concern to management: program control, con-
figuration management, reliability and quality assurance, vehicle technical
support, administrative support, logistics, data management instruction,
training, general safety, and instrumentation support. The other two
categories had 31 and 44 topics respectively! Typical of those that appeared
in both the Saturn I and Saturn V listings were the space-vehicle countdown
procedures, the prelaunch checkout plan, and the launch operations plan.*

With even its paper work organized, the Debus team had come a long
way from the Launch Operations Directorate of 1960 to the John F. Ken-
nedy Space Center of February 1964. Many problems with the Air Force had
been resolved, without undue antagonism resulting. Land on Merritt Island
had been purchased for the manned lunar landing program, plans laid for
launch facilities and an industrial area, and construction had begun. The
center had recruited a roster of engineering and administrative personnel and
devised a workable organization.

The new organization did not mean an improvement in every respect.
It involved the development of a bureaucracy that was incompatible with the
informal, personalized approach of the old days on the Cape. Then the engi-
neers had inspected their instruments, worked on them, sometimes built
them; they labored with their hands. Now, they monitored contractors."
Meetings with department heads and even the Director had been highly infor-
mal. Now secretaries scheduled the meetings, each of which required a de-
tailed agenda, and division heads presided with the formality of a college
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Fig. 37. A document tree for Apollo-Saturn V, December 1964.
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dean at a faculty meeting. Because the men who launched rockets were a sen-
timental crew, there were frequent references to the good old times. But to

launch a rocket that would put a man on the moon, they recognized, re-
quired an extensive organization.
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Funping THE ProjecT

The Budgetary Process

Always a complicated process for a governmental agency, funding
presented new mazes of complexity to the Launch Operations Directorate
(LOD) during 1962. The normal budgetary process can be simplified as
follows: study of needs for the coming fiscal year (this would ordinarily take
place almost 12 months before the start of the fiscal year); presentation to
the parent agency, which fits the request into its total proposal; submission
to the Bureau of the Budget* for analysis and incorporation into the
President’s budget request, which is then tendered to Capitol Hill; hearings
before congressional committees; discussion and votes within the commit-
tees; voting in both houses of Congress; perhaps a joint committee to resolve
differences between House and Senate; an authorization act by Congress set-
ting the limit for each item and the total amount; an appropriation act that
establishes the actual amount of money the agency will receive; release of
funds by the Bureau of the Budget; and, finally, disbursement of funds by
the agency to its constituent subdivisions.

This intricate process was further complicated for LOD in 1962. First,
the directorate was in process of evolving into an independent center—LOD
became the Launch Operations Center (LOC) halfway through 1962 and
* halfway through this chapter. Second, it had to fend off a flanking attack
from the Air Force to retain jurisdiction over the newly acquired land on
Merritt Island (see pp. 98-104). Third, it had to plan and budget new
facilities and equipment for a still undefined space vehicle to meet the Ken-
nedy deadline of a moon landing ‘‘within the decade.’’ And fourth, where it
had been dealing in millions of dollars, now it had to request hundreds of
millions. While the mobile concept had been accepted, the mode of
transport—barge, rail, or crawlerway—had not been determined. In many
instances, moreover, LOD had to telescope the work of several years into
one, by forecasting the financial implications of a concept from the drawing
board to end use.

*Office of Management and Budget since 1970.
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One should remember, further, that the lunar landing program had
not established itself as an unquestioned part of the American scene. It had
to be defended continually. ‘‘People frequently refer to our program to
reach the moon during the 1960s as a national commitment,”” Lyndon
Johnson wrote. “‘It was not. There was no commitment on succeeding Con-
gresses to supply funds on a continuing basis. The program had to be
justified and money appropriated year after year. This support was not
always easy to obtain.’*!

The preparation of project documents for budget submissions to
Congress began with a statement of anticipated requirements in three
categories: construction of facilities, research and development, and ad-
ministrative operations. The administrative budget was easier to prepare
because it changed less from year to year. The construction budget, for
building new facilities or modifying existing ones, was the largest of the three
for fiscal 1963 and 1964, when some 90% of the moonport construction was
funded. Later, when construction neared completion, the research and
development and administrative operations accounts rose sharply. This
chapter will deal primarily with the budgets for fiscal years 1963 and 1964,
and construction of facilities will therefore be the major topic. The LOD
staff did most of the work preparing the documents each year, although
NASA Headquarters could be counted on to send broad guidance—and fre-
quent proddings.2

The budgetary cycle began, usually in the spring, with statements of
requirements. This was no easy task since the lunar rocket changed repeat-
edly, progressing within a year’s time from the Saturn C-2 to the C-3, the
C-4, and the C-5. No one could foresee all required facilities and ground sup-
port equipment during early planning stages, although the facilities were
easier to estimate than the support equipment. Such information as was
available went to the Budgeting Office, and thence to the Facilities Office.
Using the requirements stated by various elements of NASA and contractor
firms, the Facilities Office put together the complete project documents.

A project document could cover a single facility or, as in the case of
launch complex 39, a group of facilities. NASA policy demanded that each
project document contain a complete statement of requirements necessary to
begin operations. The document defined the scope of each requirement, in-
cluding such specific factors as square footage, and justified the requirement
and furnished cost estimates. The prescribed format called for five basic
paragraphs covering real estate, site preparation, construction, equipment,
and design; this was to be supplemented, when appropriate, with siting plans
and sketches.? Under this procedure, the purchase and improvement of land,
as well as the design, construction, and complete equipment of the facility
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located on it, could be dealt with in one budgetary action. The user, in theory
at least, had only to walk up to the door of the completed facility, turn the
key, walk in, and begin operations—a procedure that gained the label ‘‘turn-
key concept.”’

Normally, the construction of facilities (CoF) budget included only
those projects that would cost a quarter of a million dollars or more. Less ex-
pensive projects came under either the administrative operations or the
research and development budget. The CoF budget funded projects within a
given fiscal year—say fiscal 1963 starting 1 July 1962—rather than over
several years, but the Directorate could actually spend the money over a
longer period. The NASA Administrator had to approve exceptions to this
policy, and did so only when the indeterminate nature of a facility rendered
estimates on a fully funded basis impractical.?

Numerous launch schedules required different contractors and large
numbers of individual structures or items of equipment. Not all of these
needed to arrive at the same time, nor in the same fiscal year. Some projects
had a long lead time. Air conditioning normally had to precede the installa-
tion of delicate computer equipment. The scheduling of events was thus a
continuous and detailed task.

Planners had the difficult task of estimating costs of new and un-
precedented facilities and ground support equipment. No one had built
anything like the vertical assembly building or the launcher-umbilical tower
(mobile launcher). The result in many instances had to be simply educated
guesswork by LOD personnel, contractor engineers, and members of the
Army Corps of Engineers who had worked on earlier, smaller projects.

Originally, the Resources Office, under the direction of C. C. Parker,
submitted the budgets. But for the manned lunar projects, the governing in-
fluence on substantive matters during almost all phases of the programming
and budgetary operadtions in 1962, as well as later, was Rocco Petrone, then
chief of the Heavy Vehicle Systems Office. Since Petrone’s office had to
make sure that facilities and ground support equipment would be ready in
time to meet the deadlines, he had an almost proprietary interest in the iden-
tification, cost, and justification of requirements.

When assembled into one package, the project documents constituted
LOD’s fiscal year construction of facilities program. That program was first
submitted as a preliminary budget and later, after adjustments, as a final
budget. After NASA Headquarters reviewed LOD’s program and incor-
porated it with those from other installations, the total NASA budget went
to the Bureau of the Budget, and then to Congress. During committee hear-
ings, representatives from LOD sometimes testified on the requirements and
costs specified in the project documents.
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After passage of the authorization act, the Launch Operations Direc-
torate usually submitted an updated series of project documents. These
balanced the amounts of money authorized against requirements, taking ac-
count of changes that had occurred since the submission of the budget. LOD
also revised these documents individually whenever changed requirements
made adjustment necessary.

Using the information it received from LOD’s submissions and
relating it to the amount of money authorized by Congress, NASA Head-
quarters prepared a program that indicated the approximate amount of
money it planned to release to LOD. Knowing that, LOD then prepared a
Program Operating Plan that set forth its financial procedures and indicated
how it proposed to use money within prescribed ceilings. After Congress
passed an appropriation act, the Bureau of the Budget apportioned money
incrementally and released it to NASA periodically according to phases of
development or a time scheme. NASA Headquarters then released money to
LOD at intervals for each project. As one official put it, Headquarters
“‘spoon-fed’’ LOD. It rarely released all the funds appropriated for a project
for a specific fiscal year during that year. The periodic method allowed the
agency to spread the money as needed over several fiscal years. The process
also involved the occasional transfer of funds from one budget line item to
another and from one appropriation source to another. Congress placed a
limitation on such transfers (usually 5%). NASA Headquarters tended to
restrict itself further.’

Fiscal 1963

The history of the FY 1963 budget estimates for the construction of
launch facilities, begun in late 1960 and continuing well past the beginning of
the fiscal year itself, reflects the evolving organization, mission, and opera-
tional concepts of the Launch Operations Directorate. The initial estimates
predated President Kennedy’s announcement of the manned lunar landing
program and had their basis in the Saturn C-1 vehicle program. Although
these estimates did not include provision for a third Saturn launch complex,
LOD suggested that it would need approximately $65 million should the
number of launches increase enough to require a third complex. In such case
the complex would be a duplicate of LC-37.°

In February 1961, NASA Headquarters called for preliminary FY
1963 estimates based on the ten-year plan approved by the Administrator.
The LOD portion was to cover only the support services furnished all NASA
activities and projects at the Atlantic and Pacific Missile Ranges.” The
President’s 25 May 1961 announcement, however, altered the tempo and
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direction of planning, as did NASA’s subsequent selection of Merritt Island
as the site for the manned lunar landing program and the change in plans
from the C-2 vehicle to the C-3.%

While the Debus-Davis Report of July 1961 (pp. 80, 89) had con-
cerned itself chiefly with the selection of a launch site for Apollo, it proved to
be a key document also in fiscal planning. In a series of meetings during the
hectic month of July 1961, LOD personnel submitted detailed budgetary
figures on their areas of responsibility to Petrone’s office. This they were
able to do, based on their experience with previous programs. Bertram
Greenglass consolidated and qualified the final report; in doing so, he
foreshadowed the role he would later play as Petrone’s alter ego on program
control matters. A 1955 graduate of New York University, Greenglass had
begun his association with rocketry at Redstone Arsenal in 1956. His rise
from Army Private First Class to a high NASA position by the age of thirty
was meteoric.” When Petrone moved up to Apollo program management for
launch facilities, Greenglass would serve as his comptroller, handling con-
tract management, manpower, and funding.

The decision, announced in August 1961, to acquire new land for the
lunar program mandated a revision of the FY 1963 program for construction
of facilities. Intensive planning marked the remaining months of 1961.
NASA Headquarters applied pressure on LOD, particularly in the form of
frequent telephone calls, to produce FY 1963 project documents for
budgetary purposes. The Facilities Office, responsible for engineering and
construction, prepared the CoF project documents.

While its own planning continued apace during September and Octo-
ber, LOD held frequent meetings with Air Force representatives of the
Atlantic Missile Range. Using the Debus-Davis Report as a guide, this joint
group developed a range development plan for the lunar program. The plan
contained rough cost estimates for support facilities, but did not include re-
quirements for a new Saturn launch complex.

Following these meetings, LOD staff sections held a series of lengthy
meetings of their own during November and December. Using the range
development plan as a basis, LOD refined the estimates for support facilities
and also developed requirements for the advanced Saturn launch complex.
Based on the technical data that emerged from both series of meetings, J. F.
Burke and C. J. Hall of the Facilities Office developed and evaluated a series
of project documents for the FY 1963 CoF program. Bidgood, Parker, and
Petrone approved these documents before passing them on to Debus and
Huntsville for approval en route to Washington.!?

On 13 December, LOD gave NASA Headquarters some of the details
of its FY 1963 requirements for the advanced Saturn launch complex, based
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on ‘‘the presently known C-3 vehicle,”” but capable of handling larger
vehicles at increased cost. The estimate for the launch complex reached $167
million, exclusive of land acquisition. The proposed complex consisted of
three major operating areas: a vertical assembly and checkout area, an in-
termediate area, and a launch area. Major requirements included a vertical
assembly building, a launch control center to be located within the VAB, a
transport system, a stationary ordnance arming tower, and two launch
pads.'!

Reorienting itself to the Saturn C-5 program, and considering that
NASA had not yet chosen between the three mission modes, LOD in early
1962 redefined its CoF program for the next fiscal year and prepared 14
detailed project documents, with cost estimates and justification for each.
All of the facilities and ground support equipment described in the project
documents were still in the study or design phase; and much of the technical
data furnished in the budget, though based on the best information available
at the time, later proved unsatisfactory.

These 14 documents, constituting LOD’s total construction of
facilities budget for FY 1963, asked for $359963000. Eight of these 14 re-
quests, representing 98% of the total, pertained directly to the manned lunar
landing program.!? The largest single item sought $176 550000 for launch
complex 39. LOD stated that it would ‘‘provide the necessary capability for
launching the Advanced Saturn vehicle.”’!? Yet the huge outlay for LC-39
represented only about 40% of the total complex cost, and covered only
long-lead-time items that had to be started promptly to meet operation dates.

Subcommittee Hearings at the Cape

NASA’s budget went to Congress in February 1962. A month later,
the House began hearings. Before the end of March, Congressman Olin E.
Teague (D.-Tex.) decided to take his Subcommittee for Manned Space
Flight of the House Committee on Science and Astronautics to Florida for
on-the-spot hearings on 23 March. Teague wanted to ‘‘educate the subcom-
mittee’s members’’ and to ‘‘attempt to justify the money that’s spent here
before Congress.”’'* NASA Headquarters and Houston representatives also
attended the hearings, along with officers of the Air Force Missile Test
Center.

After Debus outlined the Launch Operations Directorate’s organiza-
tion, mission, and operational concepts, Petrone described the FY 1963
funding requirements, together with total facility requirements for the
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manned lunar landing program. The initial reaction of the subcommittee was
that LOD should spread its budget requests over several fiscal years. Some
subcommittee members questioned the basis for LOD’s budget figures.
“You’ve got a great big ball of money, and it is very easy for someone to
come along and cut it, really cut it,”” one unidentified congressman
observed. !’

The subcommittee members deliberately asked pointed and critical
questions to fortify themselves so that they could justify the budget before
the appropriations committee later on. In the day-long conference, the sub-
committee stressed saving money, and the Directorate emphasized precise
scheduling. ‘‘I’m sure the Doctor [Debus] feels that we are friendly,”’ Chair-
man Teague justifiably remarked, for he was one of the most influential
friends the space program had in Congress. ‘“We don’t want to delay this
program one minute. . . . If you can give us your program timing . . . |
think we can pave a smooth road to the appropriations committee.’” But he
added, ‘‘If we don’t take any action, I think the appropriations committee
will.”’16

The estimated total cost for LC-39, including FY 1963 and later in-
crements, Petrone told the subcommittee, was $432 million. LOD was trying
““to evaluate, not sell,”’ the program. The budget figures were honestly ar-
rived at. ‘“We’ve got to live with them for years to come,’”’ Petrone
declared.!” Program timing was based on schedules that had to be met for
the manned lunar landing program and had to be responsive to NASA Head-
quarters schedules. To the men of LOD, time was critical. To the con-
gressmen, however, the amount of money spent in fiscal 1963 was the critical
issue,

Debus explained that the LOD budget was made out against sched-
uled facility completion dates and launch schedules. These provided a little
leeway for some slippage, but on requirements that were pressing, slippage
“would hurt very, very much.’”” They wanted launch complex 39 ready by
January 1965, Petrone said, since they hoped to launch the first Saturn C-5
in March or April of that year. As an example of facility scheduling, Petrone
said that LOD expected the erection of steel for the VAB to begin in March
1963.1%

The programming of funds tied in so closely to the scheduling of
facilities that a slippage in one resulted in a slippage of the other, and the
hard fact was that Congress rarely appropriated funds in time for use at the
beginning of the fiscal year. In response to a subcommittee question as to
when LOD began receiving funds after the fiscal year started, Petrone
answered that in the preceding year it had been October. Drawing upon his
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long experience in construction, Colonel Bidgood added that he had never
seen money ‘‘hit the market before the first of October.”” Contingency
authority from the Appropriations Committee helped little in new or in-
creased programs, since such authority permitted expenditures only for nor-
mal operating costs at constant rates. LOD had to have funds on hand before
awarding construction contracts.

The subcommittee asked for a comparison of relative costs between
mobile and fixed facilities. As against the $432 million for a mobile complex
with four pads and a launch rate of 36 per year, Petrone said, fixed facilities
would require nine pads costing $900 million. Additionally, mobile facilities
made possible significant savings in manpower costs both in LC-39 and in the
industrial area, even with a launch rate of only 24 per year. The biggest sav-
ings came in the reduction in the number of supervisors and other personnel
at the higher grade levels. Dollar savings in manpower, the subcommittee
observed, were the strongest argument for mobile facilities.

Subcommittee members then mentioned the possible impact of new
developments, such as the atomic rocket motor, on the design of LC-39
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facilities. Rather than sink a lot of money into this complex, might it not be
better to wait and see what the future held in the next five years, and thereby
save money in FY 19637 Debus explained that one of the basic decisions
made early in the planning stages was to base the design on *‘the state-of-the-
art and its most likely development.’’ One of the basic presumptions was the
use of liquid propellants. LOD had to be ready by 1965 and could not wait
on the possibility of new developments. With the existing state-of-the-art,
LOD could be ready in 1965. The subcommittee’s view was that no decision
should be so binding as to deny LOD flexibility to take advantage of new
technology.'®

In response to a question about the Department of Defense’s role in
funding the manned lunar landing program support facilities, Debus ex-
plained that LOD was limiting its funding to the new Merritt Island area and
to LC-34 and LC-37 on the Cape. NASA Headquarters and the Department
of Defense would coordinate downrange stations, including ships. LOD was
coordinating other support requirements for the Merritt Island area with the
officials of the Air Force Missile Test Center. Two of these support
items—utility installation in the new area (causeways, roads, water, and
power) and launch-phase range instrumentation—although in effect Air
Force requirements, were included in LOD’s budget. The range instrumenta-
tion that LOD would fund, in agreement with AFMTC, extended to a radius
of 105 kilometers. NASA Headquarters would fund data acquisition and
tracking requirements beyond that distance. So far as cost-sharing for
maintenance and operations of the two areas was concerned, LOD was to
handle funding on Merritt Island and the Air Force on the Cape.

When Dugald Black of the Manned Spacecraft Center presented
facility requirements for checking out and testing the Apollo spacecraft,
members of the subcommittee interrupted his presentation several times with
questions regarding quality control and the overlap of functions and
facilities. The MSC representatives explained that MSC would develop the
spacecraft at Houston, but would check and test it at Merritt Island. Just as
the Mercury and Gemini programs had overlapped in some instances, so the
Gemini program would overlap Apollo. Facilities to support the Apollo and
Gemini spacecraft had to be available simultaneously. The scheduling of the
operations and checkout building, for example, was extremely tight. It had
to be finished early enough to install and inspect equipment before the
spacecraft arrived in October or November 1963.2°

The scope and expense of the checking and testing requirements for
the spacecraft led one member of the subcommittee to question the program,
at least momentarily. Debus reminded him that ‘‘this is a research and
development facility and is only slightly operational.’’ This prompted Chair-
man Teague to observe:
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That doesn’t take away the argument that this entire operation
is an expensive one. It gets more expensive with the buildings
and personnel, and everything swelling in size. Perhaps we are
trying to do too much in too much of a hurry. If we are subject
to so many changes in so many places so that we are watching
every nut and bolt right up to the time we are ready to
shoot. . . .2!

Teague’s cautious remark ended the long, productive day.

Progress in Washington

In response to a March 1962 request from NASA Headquarters, LOD
reviewed its entire fiscal 1963 program. In May six projects were identified
that required an early release of funds to avoid slippage in construction
schedules: modifications to launch complex 34, support facilities in the Cape
area, Apollo mission support facilities, launch complex 39, advanced Saturn
or Nova support facilities, and utility installations in the Merritt Island area.
Two months later NASA Headquarters was to issue allotments from fiscal
1962 construction of facilities funds for the final planning and design of
these projects.??

On 23 May the House voted 343-0 to authorize a NASA budget of
$3 671 million for FY 1963 and an additional $71 million for FY 1962. In the
Senate, William Proxmire of Wisconsin offered several amendments to the
authorization bill. One called for competitive bidding practices to the ‘‘max-
imum practicable extent.”’* The Senate rejected it by a vote of 23 to 72. He
then called for the establishment of a Space Manpower Commission to assess
the impact of the lunar landing program on the nation’s supply of scientific
personnel. The Senate defeated this, 12 to 83. In the end, by voice vote, the
Senate authorized a NASA budget of $3750 million. After the differences
between the two houses were resolved, Congress passed the NASA
Authorization Act; it totaled $3 744 million. The Launch Operations Center
was allowed $328 333 000 for construction of facilities in fiscal year 1963, in-
cluding $173 550000 for launch complex 39. The total was $3000000 less
than the center had requested.?

Because the congressional authorization was less than the amount
sought by NASA, and because of newly generated requirements, the Office

*This would later prove ironic when competitive bidding cost a Wisconsin firm a contract
that had seemed to be securely in hand (p. 272).
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of Manned Space Flight proposed that NASA request a supplemental FY
1963 grant of $70 million for construction of facilities. The supplemental,
D. Brainerd Holmes, head of the Office of Manned Space Flight, felt, was
the only possible way to hold to existing schedules. To support this proposal,
the Launch Operations Center—now an independent field installation with
its own budgeting agency—prepared another series of project documents and
forwarded them on 8 September 1962 as its FY 1963 CoF Resubmission and
Supplemental.24 These documents reflected new or revised requirements that
had come to light since the February budget submittal. In October Associate
Administrator Seamans decided not to submit the request.

Updating LC-39 Requirements

As a separate action, LOC submitted to NASA Headquarters the
same project document for LC-39 that had been prepared for the ‘‘resubmis-
sion and supplemental,’”” since it reflected updated requirements and
priorities that demanded prompt accommodation. Based on a reevaluation
of the scheduled launch rate, the project document provided for a redistribu-
tion of funds among line items, but no additional funds, and asked for an
early allotment.? The updated LC-39 document reduced the number of high
bays in the VAB from six to four (but with provisions for subsequent expan-
sion) and changed the arming tower from a stationary to a movable struc-
ture. It substituted two crawler-transporters for the two rail-mounted
launcher-transporters and introduced requirements for the special roadways
needed by the crawlers. Because of the larger size of the Saturn, LOC in-
creased the elevation of the launch pads to 12 meters and the pad diameter
from 610 to 915 meters.

Trimming the VAB, after reevaluating the scheduled launch rate,
lowered the FY 1963 incremental estimate from $92 882000 to $75 590 000.
The adoption of the crawlerway system reduced the transfer estimate by $3
million; however, making the arming tower movable increased the cost of its
prime mover, the crawler-transporter. The figure for each of the three pro-
posed pads almost tripled, going from $5588000 to $15930000, largely
because of higher elevation and increased diameter. The largest addition,
$22.8 million, would go for two launcher-umbilical towers, plus steel for a
third. The changeover from the rail-mounted integral units to the dual unit
(mobile launcher and crawler) accounted for most of the addition.

In submitting this updated project document for LC-39, LOC pointed
out, as it had in its budgetary submission, that the FY 1963 funding covered
only those facilities required to meet the initial phase of the launch schedule,
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and that it would request funds to complete LC-39 in subsequent fiscal years.
Only the VAB remained from the earlier list. The new list included the
crawler roadway, the crawler-transporters, and the launcher-umbilical
towers. LC-39 was to provide the necessary capability to launch the Saturn
C-5 vehicle and other advanced configurations such as the C-1B.

In summation, then, the updated project document for LC-39 re-
quested FY 1963 funding for portions of the VAB, one launch pad, the
crawler roadway from the VAB to one launch pad, two crawler-transporters,
two umbilical towers and steel for a third, and a number of minor items. It
also included study, design, and initial procurement of checkout and control
equipment, flame deflectors, firing accessories, instrumentation and con-
necting cabling, general support equipment, and design of the arming tower.
It did not list a separate figure for the launch control center since designers
still planned to place it within the VAB.?® LOC communicated its plan for
the funding of LC-39 facilities with FY 1963 construction of facilities money
to NASA Headquarters on 18 September 1962.%

A week later, both Houses of Congress approved the NASA ap-
propriation. Public Law 87-741 appropriated $3.67 billion for FY-63.
NASA’s actual expenditures during fiscal 1963 were to total $2.55 billion,
less than half what the government spent on agriculture, and $200 million
less than spent on public assistance programs. The NASA figure represented
2.75% of the total national budget expenditures of $92.6 billion.?8

Even though the appropriations bill became law on 3 October 1962,
the Launch Operations Center could not begin to award contracts until
NASA Headquarters allotted the funds. In late October, Debus addressed a
rather sharply worded letter to D. Brainerd Holmes, the Director of OMSF,
about the delay in the receipt of fiscal 1963 construction of facilities funds at
the Launch Operations Center. Debus pointed out that nearly $10 million in
construction had proceeded through design, advertising, bidding, and the
selection of contractors, but that contracts could not be awarded until Head-
quarters released the funds. There appeared to be ‘‘insufficient effort at the
Washington level,”’” Debus felt, ‘““for the prompt forwarding of funds to
LOC after Headquarters received them from the Bureau of the Budget.’’?

The letter had the desired effect. On 6 November, Associate Ad-
ministrator Seamans officially approved initial funding for construction of
facilities at launch complex 39 to the amount of $22080000. On the same
day, Frederick L. Dunlap, Chief of Budget Execution at Headquarters, for-
mally transferred funds to the Launch Operations Center. All was not yet
well, however. Seamans had approved $4 780000 for site development and
utility installations; $11 000000 for equipment, instrumentation, and support
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systems (specifically for two transporters); and $6300000 (plus $500 000
previously allocated from fiscal 1962) for design and engineering services.
The document approved no funds for facility construction and modifica-
tions.® Finally, on 27 December, a teletype message from Headquarters
notified Lewis Melton, Chief of the Launch Operations Center’s Financial
Management Office, that fiscal 1963 funds allotted for launch complex 39
now totaled $167 850000.%!

Thus, as calendar 1962 came to an end, the Launch Operations Center
had the money to start construction on launch complex 39. It had already put
some of the money to use. A NASA-DoD intragovernmental purchase order
on 13 November had provided funds to the Corps of Engineers for site
preparation and design and engineering services, including the design of the
vertical assembly building.??

Changing requirements and priorities for LC-39 made further ad-
justments necessary in the distribution of money for particular items. Since
LOC could carry forward construction of facilities funds to subsequent fiscal
years, it continued to update its FY 1963 CoF program, often reprogram-
ming some construction for later fiscal years. Actually, the FY 1963 CoF ac-
count was to remain active through calendar 1968. Both the redistribution
and reprogramming actions required congressional notification, a much
simpler procedure than the lengthy budgetary process. LOC’s financial plan-
ners worked simultaneously on several fiscal year CoF programs. Between
September 1962 and January 1963, LOC transmitted to NASA Headquarters
the aborted FY 1963 supplemental, the FY 1964 CoF budget, and
preliminary estimates for FY 1965. It was in 1962, in fact, that LOC did most
of its budgetary homework to obtain the appropriations needed for the later
construction of lunar launch facilities. The shift in emphasis from design to
construction would not be apparent until mid-1963.

During this period of intensive budgetary preparation, the Office of
Manned Space Flight took a major step toward determining the launch
lineup. On 15 October 1962, after two years of considering various pro-
posals, NASA announced its first ‘‘official flight schedule’’ for the Saturn
vehicles. The first Saturn C-1B would go up in August 1965, and the first
Saturn C-5 in March 1966; the first manned Saturn C-1B in May 1966, and
the first manned Saturn C-5 in June 1967. Compared to earlier assumptions,
this set back both initial manned launches by about six months. It also set the
1966 launch rate at five Saturn C-1B vehicles (three of them manned) and
four developmental launches of the Saturn C-5. For 1967 the launch rate was
four Saturn C-1Bs (all manned) and six Saturn C-5s (four manned).33 ““Until
further notice,”” Holmes announced, ‘‘these schedules were to be used by
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OMSEF and the Centers for scheduling and financial planning.’’ Meanwhile,
LOC was getting ready to submit its project documents for the FY 1964
budget.

The Fiscal 1964 Program

Preparation of the FY 1964 budget, like that for FY 1963, had begun
before the Launch Operations Directorate became an independent installa-
tion. During March 1962, NASA Headquarters called for the FY 1964
preliminary budget and in August began issuing guidelines for detailed
estimates. In November 1962, two months after forwarding its FY 1963 sup-
plemental request, LOC submitted its CoF project documents for the FY
1964 budget, salvaging some of the requirements stated in the FY 1963 sup-
plemental. The Office of Manned Space Flight programs included 20 in-
dividual project documents, some for new requirements. The FY 1964 sub-
mittal was based on the 15 October flight schedules.?*

As in FY 1963, most of the money LOC requested for its FY 1964
CoF programs ($333130600) was for the manned lunar landing program.
LC-39 alone accounted for $225967000, or about two-thirds of the total
request, with other Apollo requirements, such as support facilities, LC-34,
and LC-37, making up a substantial portion of the remainder. Combined
with the previous fiscal year CoF request, the FY 1964 program brought the
total request for LC-39 to $339517 000.

The months of intensive study of the lunar program requirements
enabled LOC to state its requirements in considerable detail and, for the first
time in an LC-39 project document, to include a description of the mobile
concept. Of the eight major facilities for LC-39, FY 1963 construction funds
had provided for the basic VAB structure (including an area set aside for the
launch control center). In FY 1964 funding, LOC requested funds for out-
fitting the VAB (including the launch control center), two additional launch
pads with associated facilities on complex 39, extension of the crawlerway to
the additional pads, three additional launch umbilical towers (less steel for
one funded in FY 1963), propellant services, and the mobile arming tower, as
well as minor modifications and additions at launch complexes 34 and 37.%

Many projected buildings in the Merritt Island industrial area, such as
the headquarters building, budgeted for $9 309000, were simpler to design
than the facilities of LC-39. There were exceptions: the central instrumenta-
tion facility, which consisted of two buildings—a large structure in the
industrial area and an auxiliary structure located about a mile north to avoid
radio interference from equipment operating in the primary structure. LOC
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asked $31508 000 for these facilities. Almost three-fourths of this would go
for equipment, principally for telemetry and tracking.>®

Another complex of major importance, the technical and support
facilities needed by the Manned Space Center for preflight operations with
the Apollo spacecraft, presented two big questions: funding and siting. The
Manned Spacecraft Center of Houston wanted to include the complex in its
budget, but LOC demurred. Originally planned for the Cape area, the two
centers agreed on 28 August 1962 to site the facilities in the Merritt Island
industrial area. This complex, initially called ‘‘Apollo Mission Support
Facilities,”’ consisted primarily of six structures: one for operations and
checkout, the others for various support systems.>’

LOC had requested $22510000 for them in FY 1963. Plans at that
time restricted them to the Apollo spacecraft. During August and September
1962, changes in the Apollo and Gemini schedules and in the choice of space-
craft fuels led to a reevaluation of the need for separate Gemini spacecraft
facilities. This resulted in the combining of some Apollo and Gemini
requirements.>® On 15 October 1962 the Manned Spacecraft Center submit-
ted to LOC an estimate of $23273 983 for these buildings. LOC forwarded
the proposal to Headquarters on the same day.*®

With the submission of its FY 1964 budget on 1 November 1962, the
Launch Operations Center had accomplished the basic budgetary tasks for
the construction that would be required by the manned lunar landing
program.*

“What Is It Going to Cost?”’

The Manned Space Flight Subcommittee of the House Committee on
Science and Astronautics held hearings on the FY 1964 program for the con-
struction of launch facilities in May 1963. Only representatives of NASA
Headquarters were present to defend LOC’s program. In his formal ques-
tioning for the subcommittee, Lt. Col. Harold A. Gould, a technical consul-
tant to the House committee, focused on costs.

‘A total of $444 million had already been made available for LC-39
and support facilities,”” Gould observed. With 40% of LC-39 programmed
for fiscal 1963 and 50% of it being programmed for fiscal 1964, Gould
asked, ““What is the total cost of this complex going to be?"’

William E. Lilly, Director of Program Review and Resources
Management of NASA’s Office of Manned Space Flight, estimated that the
total complex would run ‘‘very close to a half billion dollars.’” He then fur-
nished an “‘exact figure’’ of $481 576 000. Congressman Emilio Q. Daddario,
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the subcommittee’s acting chairman and long-time watchdog of LOC’s bud-
get, disregarded Lilly’s ‘‘exact figure’’ and converted the ‘‘close to a half
billion dollars’’ statement to ‘‘over $500 million,”” a phrase he used repeat-
edly in pressing his questions. In 1962, Daddario reminded Lilly, his subcom-
mittee had received an initial estimate closer to $400 million. In January 1963
while at Cape Canaveral, the subcommittee had heard an estimate of $432
million. ‘““Now you give us an estimate of over $500 million,’”” Daddario
stated. He wanted to know why the current figure was ‘‘over $100 million
beyond that originally estimated.’’*!

Aided by Capt. John K. Holcomb, NASA’s Assistant Director for
Launch Operations, Lilly marshalled several answers, including the adoption
of the crawler transfer system in lieu of the rail system, an increase in the size
of the launch pad and the number of pads required, and NASA’s turnkey
procurement policy. Daddario saw most of these explanations as being more
valid for FY 1963 than for FY 1964 estimates, and brushed them all aside.
Lilly offered the further explanation that, in order to be able to present a
firm estimate as soon as possible, NASA had stressed the need for advance
design funds. Daddario showed little regard for what he called Lilly’s
‘“‘cloudy logic,”’ pointing out the estimate had gone from $432 million to
“over $500 million’’ within a matter of months.

““I can’t really give you a definitive answer,’’ Lilly confessed, ‘‘of why
the difference between $400 million, $432 million, and $500 million.”” It
helped matters little for Lilly to add: ‘‘Our estimate, of course, is always
based on the best information that is available. I could not say that the $500
million will be the final figure.”” Holcomb added that as a result of having
actual designs and firm design criteria, ‘‘now we know pretty much what we
are planning to do.” But Daddario would not be assuaged and asked
whether every starting estimate given to the subcommittee was going to be
25% out of line.

Daddario said that he and other members of the subcommittee ex-
pected some changes from original estimates but were less concerned about
the amount than the percentage of increase and the embarrassment of having
to report this to the full House. Congressman Edward J. Patten suggested
that a 12% increase would not be too far out of line, but when costs in-
creased 20-30% “‘this committee finds itself then in an embarrassing position
of explaining this increase to the other members of Congress. I doubt that
they will take the explanation you have given us as being a proper one.”’

As a final thrust, Lilly said that he had some doubts that the $432
million figure given to the subcommittee at Cape Canaveral in January 1963
was the “‘officially approved estimate’’ of the Office of Manned Space
Flight. Daddario parried by asking why, if a higher figure had been available
in January, it ‘‘was not given to us at that time.”’*?
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Only slightly less tenacious was Florida Congressman Edward J.
Gurney’s questioning regarding the pace of committing and obligating FY
1963 funds.* NASA representatives told the subcommittee that as of 31
March 1963, NASA had committed only $38 million and obligated only
$18.9 million for LC-39, out of the FY 1963 budget of $163.5 million.
Gurney wanted to know why $217 million was needed for FY 1964 when
‘““you haven’t even been able to scratch the surface on last year yet,’’ even
though the fiscal year was nearly over.

The basic delay in obligations, Lilly explained, was the time required
for design. Once the design was completed, the ‘‘big money’’ would go out
for construction. ‘‘I think you will find that the money will move much
faster from this point on,”’ Lilly assured Gurney. NASA would obligate the
remainder of FY 1963 funds for LC-39 by August 1963. NASA had laid out
its plans for the obligation of funds month by month, and by the end of FY
1964 only $10 million of the combined FY 1963 and 1964 funds would remain
unobligated.*?

Testimony regarding LC-39 next centered on the number of pads and
their cost. Colonel Gould asked Lilly to explain why the FY 1963 figures for
LC-39 varied from those shown in the FY 1964 budget. Lilly answered that
the revised figures were the result of a more comprehensive analysis of opera-
tional requirements and that NASA had adjusted figures for equipment,
instrumentation, and support systems after completing engineering studies.*

Other information given to the subcommittee on the FY 1964 pro-
gram indicated that NASA was still thinking of on-pad time in terms of
“‘possibly one week’’; that each mobile launcher (which Holcomb aptly
described as ‘“partly launch pad and partly umbilical’’) would cost about $12
million, compared with $1 million for the less complicated umbilical towers
used on complexes 34 and 37; that five launchers were required in order to
service four bays in the VAB and to provide time for refurbishing after each
launch; that the cost for the design and engineering of LC-39 would be
roughly $37.6 million; that about 35% of the items in the FY 1964 increment
of facilities were under design as of May 1963; that the operational target
date for bay 1 and pad 1 in LC-39 was 1 December 1965; that facility con-
struction lead times for FY 1964 were 25 months; and that the estimated cost
of the crawler roadway was $982000 per kilometer, with almost 13
kilometers of roadway required from the VAB to three pads.

At the subcommittee’s request, Holcomb explained the implications
of an operational capability date of 1 December 1965. It meant, Holcomb

*Funds were committed when financial management certified that funds were available and
would be reserved for a particular purpose. Funds were obligared when a contract was signed for specific
work to be done. The former was internal to NASA, the latter was legally binding on the agency.
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said, that thé construction of the first bay and its initial outfitting had to be
completed by the end of May. Between May and December, an extensive
checkout of the complete facility was to be made. ‘“When we say that we
have an operational capability beginning in December, we mean at that point
we are able to bring in the first flight article, put it on the [mobile launcher]
in the building, and check it out for our first launch in early 1966.”*%

The House hearings made clear that many problems regarding launch
facilities for the Apollo program still confronted NASA. Most of the proj-
ects for which LOC requested FY 1964 funding, as well as the projects for
which LOC had obtained FY 1963 funds, had undergone such drastic revi-
sion, when individually updated beginning in late 1962, that a discussion of
them in terms of fiscal year budgets became academic. Through reprogram-
ming actions, NASA postponed some of the construction requirements
originally proposed for FY 1963; others, proposed for subsequent years,
were paid for with FY 1963 funds. As a result, the year in which construction
was budgeted often bore little relationship to the year of actual construction.
With the passage of time, the budget documents diminished in importance as
a barometer of actual construction. Instead, such documents as program
operating plans and the periodic reports of the Corps of Engineers became
the real indicators of construction.

Extensive criticism of NASA marked the congressional discussion of
the FY 1964 budget for the first time since the agency’s creation in 1958.
Most barbs flew at the moon program, as congressmen argued that the
Soviets seemed to have lost interest in a moon race, or that certain contrac-
tors were moving too slowly. Many Republicans thought the moon program
detracted from more important military objectives in space. A Senate GOP
policy committee stated on 10 May: ““To allow the Soviet Union to dominate
the atmosphere 100 miles above the earth’s surface, while we seek to put a
man on the moon could be . . . a fatal error.”’ General Eisenhower had, as
President, denied the existence of a ‘‘space race.”” Now he stated on 12 June
1963 that ‘‘anybody who would spend $40 billion in a race to the moon for
national prestige is nuts.”” At a hearing of the Senate Aeronautical and Space
Sciences Committee on 10 June, Dr. Phillip Abelson of the Carnegie Institu-
tion repeated the contention of many scientists that manned space explora-
tion had limited scientific value. He thought its alleged importance utterly
unrealistic. The rush to get to the moon, Abelson insisted, took scientific
resources that the nation might use more wisely on other important objec-
tives, and thus lessened our national security.*

In spite of this attack on the lunar program and several attempts to
reduce the budget by amendment, the Senate by a voice vote and the House
by a vote of 248 to 125 authorized $5.35 billion for NASA on 28 August
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1963. During fiscal 1964, NASA was actually to spend $4.17 billion—a
billion and a third less than either Agriculture or Health, Education, and
Welfare. The NASA expenditure represented only slightly over 4% of the
total national budget expenditures.*’

Between authorization and appropriation, President Kennedy spoke
before the United Nations General Assembly and suggested a joint U.S.-
Soviet voyage to the moon. In spite of his assurances to Representative
Albert Thomas of Texas, the chairman of the subcommittee considering
NASA'’s budget, that to be able to deal from a position of strength the U.S.
should continue the space program, not all members of Congress agreed.
Senator Fulbright proposed a 10% cut for NASA in view of the needs of
education and welfare—but lost. Senator Proxmire sought to strike out a $90
million addition made in committee, and this time won by the margin of
40-39.

As finally approved by both chambers on 10 December 1963, less than
three  weeks after President Kennedy’s assassination, the bill appropriated
$5.1 billion to NASA for fiscal 1964 and barred use of funds for joint lunar
expeditions with any other country without congressional approval. Presi-
dent Johnson signed the bill on 19 December with reservations about the
joint venture proviso. He thought it unnecessary and asserted it would
impair our flexibility.

The manned lunar landing program had gotten through its most dif-
ficult Washington summer.
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ArorLLo INTEGRATION

An Integration Role for General Electric?

To Congress, the moon program meant money. To the American
people, it was a contest of American skills pitted against the Russians or the
mysteries of space. But for NASA, perhaps the biggest challenge was
organization.

In retrospect, one of the major reasons for the program’s success was
the ability of a lieutenant colonel and an aerospace engineer to sit down and
work out a solution to a problem that, coupled with a few thousand more
solved problems, could put a man on the moon. But someone had to get the
lieutenant colonel and the engineer into the same room. This carried over on
a far larger scale to the thousands of items of equipment that came together
on the launch pad for the mom