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ABSTRACT 

With the advent of the first large space vehicle, the 
SATURN, the ground support equipment and launch facility 
designer is faced with the necessity of conceiving and building 
an unprecedented launch system concurrent with the vehicle 
development. The paper intends to present a comprehensive , 

picture of the problems involved and how they are solved. It 
follows the SATURN through the various modes of operation such 
as transportation over land and water, checkout, handling and 
erection, propellant loading, and describes the facilities at 
the launch site. 

INTRODUCTION 

Conceiving and developing launch equipment and facilities 
for space vehicles pose problems of a considerable magnitude, 
because many areas are without precedent. Time schedules do 
not allow for experimenting with various approaches, so the 
first approach has to be the right one or one runs into a dead 
end and large funds are wasted. This way of working without 
precedent has become a necessary habit of those involved in 
this business and requires a conceptual design based mainly 
upon a vast experience which was built up through several 
generations of missiles. 
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However, facilities and GSE for space vehicles deviate 
in many respects from those familiar to many of us of IRBM's 
and ICBM's. The main difference is, that, where one could 
allow for possible failures in the initial phase of flight 
testing and thus depend on this ultimate means of proving the 
design, this approach cannot be afforded with a space vehicle 
worth many millions of dollars. Since there eventually will 
be failures, they cannot be considered in the design planning. 
In addition, failures due to malfunction of GSE in particular 
cannot be tolerated at all and are just out of the question. 
How can the GSE project engineer approach these problems and 
solve them under the heavy responsibility which rests upon 
him? 

This paper intends to provide some information on the 
design philosophy for the SATURN space vehicle GSE. This 
presentation shall be devoted to problems of transportation, 
launch facilities and GSE for the SATURN vehicle in general. 

A. LOGISTICAL CONSIDERATIONS 

Logistical support of the launching of lunar mission 
SATURN vehicles from the Atlantic Missile Range will present 
major transportation problems. The four major vehicle com- 
ponents (booster, second and third stages, eventually a 
fourth stage, and payload) must be shipped to AMR* from dif- 
ferent sections of the country, and most of these components 
have dimensions which exceed the maximum capabilities of con- 
ventional air, rail, or road carriers. Special equipment 
and special routing must be provided, and the over-all program 
schedule will not allow sufficient time for movement of these 
items at the most convenient times consistent with other 
transportation activities. Several requirements will be dis- 
cussed in the following paragraphs to illustrate bhe problems 
involved. 

The SATURN Booster to be transported from the George C. 
Marshall Space Flight Center, NASA, Huntsville, Alabama, to 
AMR in an assembled condition will be 256 inches in diameter = 

and approximately 82 feet in length. Since the booster will 
be moved on its transporter, these dimensions will become - 
even larger. Therefore, the only way to transport such a 
large, expensive, and vulnerable item from MSPC to AMR is by 2 
waterway. A rather detailed description of the facilities 
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*AMR - Atlantic Missile Range 



and equipment for handling and transporting the booster over 
this route is given in paragraph B. 1. below. The barge 
transportation described will assure safe handling of the 
cargo, but will require between two and three weeks for the 
transportation phase alone. Handling of the booster after a 
successful landing and recovery also constitutes a major 
operation. The operation of spotting and water recovery of 
re-entry nose cones is well known. However, the water 
recovery of a small and compact nose cone is far more simple 
than that of the voluminous, delicate booster which is 
partially filled with propellant residuals and, therefore, 
presents a safety hazard to equipment and personnel. Details 
of the proposed water recovery scheme are presented in para- 
graph D. A Landing Ship Dock (LSD) is proposed as the main 
equipment. Flushing, inspection, preservation and disassem- 
bly .of delicate parts will be done on board ship by a special 
crew during the return trip. Later, the vehicle will be 
transferred to a river barge for return to RSA dock.* A 
suitable harbor with proper crane facilities, such as New 
Orleans, will be used for this purpose. Preparation, recov- 
ery action and return to New Orleans will require an LSD for 
about one week and supporting ships for a portion of this 
time . 
B. TRANSPORTATION TO LAUNCH SITE 

1. Booster 

a. Land Transportation (Figs. 1 and 2) 

Transporter (Fig. 1). The booster transporter 
is a unique piece of equipment in that a part of the booster 
final assembly jig is used to make up the transporter assem- 
bly. The assembled booster, with its Support Cradles, Con- 
necting Trusses and Assembly Rings, is jacked up as a unit 
and placed on two axle and wheel assemblies. Pertinent trans- 
porter dimensions and wheel and axle loads are shown on the 
silhouette representation of the vehicle-transporter com- 
bination (Fig. 2). Each wheel assembly consists basically of 
two pairs of two independently braked and hydraulically 
steered aircraft tandem wheels on an axle assembly. The Sup- 
port Cradles are secured to the axle assemblies and a towbar 
on the forward assembly connects to the prime mover. The 
booster is carried on this composite vehicle through all 
phases of testing, checkout, and transportation from the 
Fabrication Plant to the launch site. 

* RSA - Redstone Arsenal 

The maximum towed speed of the loaded transporter is 
between Soand 5 mph. The maximum 'angle of approach and depart- 
ure is 13 and 17O, respectively. 

b. Dockside Facilities 

(1) Redstone Arsenal Dock (Figs. 3 and 4). 
After all booster testing at MSFC is completed (Figs. 5 and 6 ) ,  
the booster-transporter combination is towed to the RSA Dock 
and is rolled on to a specially designed barge. The dockside 
facilities for this operation consist of a ramp to the water's 
edge and two electrically powered winches mounted at the top 
of the ramp to control movement of the transporter up and 
down the ramp. An undamaged booster returned to RSA Dock on 
a transporter will be off-loaded in a similar manner. How- 
ever, if a heavily damaged booster is returned, it may not be 
supported on a transporter, and partial salvage operation may 
be necessary before off-loading is accomplished. In this 
case, li5t facilities, such as a mobile crane, will be neces- 
sary for removing salvaged components from the barge. As the 
recovery program becomes more extensive and, if the return of 
heavily damaged boosters requires heavier off-loading facili- 
ties, the RSA Dock will have the capability for expansion to 
include construction of a 100-ton stiff-leg derrick with a 
reach of 85 feet to provide lifting facilities for a complete 
booster when it is returned in a damaged condition without 
its transporter. 

(2) New Orleans Port. Existing heavy-lift facili- 
ties at the New Orleans Port are considered sufficient for 
transferring the recovered booster from the recovering LSD 
to the barge for return to RSA Dock. 

(3) Atlantic Missile Range. Ramp facilities similar 
to those described for RSA Dock will be used for unloading 
the booster-transporter at Site C, AMR, approximately one mile 
from Complex 34 on the Banana River. 

c . Water Transportation (Fig. 7) 
Sea-Going Barpe. With this type barge the load- 

f'J 

ing at RSA Dock will be accomplished by the roll-on/roll-off 
method. At New Orleans the river tug (approximately 65 feet 
long) will be exchanged for a sea-going tug (approximately 
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100 feet long) which will then tow the barge to Fort Pierce, 
a 
9 

Florida. Here the sea-going tug will be exchanged for a river, 
tug which will complete the trip to Site C barge basin, The Z 
obvious advantagel of this method of transportation is that no 3 



LSD loading and unloading of the barge is required with the 
inherent possibility of damage to'booster. 

2. Payload 

a. Transporter. The proposed transporter for a 
lunar payload of 10 feet diameter is essentially a modified 
version of a commercially available four-wheel transporter. 
The payload rests on a rear saddle, and is restrained and 
supported at the forward end by its lifting bolts. This is a 
proven system for missile transporters, and it effectively 
prevents torsional strains from belng introduced into the 
payload. 

b. Prime Mover. Any cormnercial type small tug trac- 
tor with pintle hook may be used as prime mover for the pay- * 
load transporter since road movement will aormally be limited 
and will be accomplished on first-class roads. However, road 
speeds must not-exceed five miles per hour to prevent shock 
loading of the payload in excess of 4g's. 

c. Transportation. Payload dimensions will permit 
transport bjr C-133 aircraft, and this will be the normal 
method of transportation to the launch site complex. Shipment 
of the payload will be made on the transporter to facilitate 
loading, unloading and tie-down in the aitcraft. Either rail 
or road facilities may be used for return shipment of the 
reusable materials and equipment from the AMR to MSFC. 

d. Packaging. The outer skin of the payload will 
constitute the external container in which the internal com- 
ponents will be living in a controlled environment. End . 
covers and strippable coating will complete the sealing 
requirements. Desiccant breathers and appropriate venting 
will provide protection and prevent excessive differential 
pressures during air transport. Environmental protection will 
be provided by a waterproof tarpaulin or insulated blanket as 
required by ambient conditions. 

C. LAUNCH SITE 

1. Launch Site Complex (Fig. 8) 

The SATURN Launch Complex contains all necessary 
facilities for handling, storing, servicing, checkout, erection 
and launching of the SATURN vehicle as well as the required 
administration and logistical facilities and special research 
laboratory facilities to support the various projects to be 
carried out during the SATURN Program. 

Upon arrival at the barge basin, the booster and 
aranspwter are off-loaded from the barge and towed to the 
launch pad for erection. The upper stage assemblies pass 
through the assembly building where final assembly details 
and horizontal checkout are accomplished. 

One launch pad facility is sufficient to support 
SATURN firings at approximately two-month intervals. How- 
ever, the propellant storage and transfer facilities are 
designed with the capability of supporting two launch pads 
at alternate intervals when required. This will be a require- 
ment when Lunar Payload Missions are superimposed on other 
SATURN program schedules. 

2. Booster Erection (Figs. 9 and 10) 

The SATURN Booster is erected on the launcher by 
utilizing the track mounted gantry type service structure. 
This structure has a bridge crane supporting two hooks at 40 
and 60 tons capacity each. The hooks are approximately 12 
feet apart horizontally and can be moved horizontally, Eongi- 
tudinally, and vertically. In preparation for erection, the 
service structure is positioned over the launcher, the booster 
transporter is towed into position parallel to the service 
structure base, and the booster is rotated 45' from trans- 
porting plane to the erecting plane. The rear assembly ring 
is removed from the booster. The gantry crane is then moved 
into position and connected to the booster pickup points by 
means of erection slings and beams. The 60-ton hook is con- 
nected to the forward sling, and the 40-ton hook to the 
thrust frame sling. The booster is lifted from the trans- 
porter, rotated into vertical position, moved into the gantry 
structure and lowered onto the four preleveled launcher sup- 
port and hold-down points with the assistance of removable 
guides attached to the launcher arms. th) 
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3. Booster Checkout (Figs. 11-16) 

a. Leak and Function Checkout. After erection, a $ 
pneumatic leak and function check is made on the booster to 5 
determine if any components or subsystems were damaged during ,$ 
transportation and handling. Gaseous nitrogen (GN2), used in 2 
performance of the checks, is routed to the checkout panels 
on the launcher through a pneumatic distribution station in the 
base of the umbilical tower. The GN2 pressure is regulated 
at these panels and, in conjunction with electrical control 
panels in the blockhouse, serve to distribute the GN2 to 
various checkpoints throughout the system where function 



checks of  t he  va lves ,  leakage of j o i n t s  and f i t t i n g s ,  and 
flow r a t e  checks a r e  performed. Pneumatic d i s t r i b u t i o n  l i n e s  
a l s o  extend from t h e  pneumatic d i s t r i b u t i o n  s t a t i o n  t o  check- 
o u t  panels  on the  s e r v i c e  s t r u c t u r e  f o r  checkout of t he  top 
p a r t  of  t he  booster .  

b. Engine Servicing.  Following pneumatic checkout, 
an  engine s e r v i c e  opera t ion  i s  performed using the  Engine 
Servic ing  T r a i l e r .  This opera t ion  includes f lushing  and 
purging of  t he  c r i t i c a l  por t ions  of t he  engine such a s  t he  
f u e l  jacket ,  LOX dome, gas genera tor ,  and the  f u e l  i g n i t e r  
l i n e  t o  i n su re  abso lu t e  c l e a n l i n e s s  of these  p a r t s .  1 

4. V e r t i c a l  Engine Removal 

Lack of working space i n  t he  boos ter  t a i l  s e c t i o n  
a r e a  makes i t  necessary t o  have a handling aad h o i s t i n g  
system capable of opera t ion  i n  a r e s t r i c t e d  a rea  f o r  removal 
and replacement of a de fec t ive  engine a f t e r  t h e  booster  i s  i n  
the  v e r t i c a l  pos i t ion .  

Removal of an  engine i s  accomplished by a t t ach ing  a 
h o i s t i n g  ba r  assembly t o  t h e  engine " rabbi t  ears" and turbo- 
pump mounting frame. The engine is  then lowered by a h o i s t  
and pu l l ey  system u n t i l  it is c l e a r  of ad jacent  engines and 
t h e  boos ter  s t r u c t u r e s .  Here t h e  engine i s  secured t o  a 
s l e d  o r  sk id  which has been r a i s e d  t o  pos i t i on  on a s e r v i c e  
platform. Half of t he  platform i s  then detached, lowered t o  
the  base of  t he  launcher and removed from t h e  a rea  on a mono- 
r a i l .  The engine i s  then lowered on i ts sk id  along the  face  
of t he  d e f l e c t o r  by mesns of a cab le  and h o i s t  arrangement t o  
t h e  base of the  launcher where it is removed from the  a rea  
on t h e  monorail. Reversal of t h i s  procedure i s  used t o  
i n s  t a l l  a replacement engine. 

5. Upper Stage Assembly (Fig. 17) 

Assembly of the  upper s t a g e s  is accomplished a f t e r  
boos ter  checkout is cmple t ed .  However, d e t a i l s  on these  
opera t ions  a r e  no t  y e t  ava i l ab l e .  

6. Launcher and Umbilical Tower 

a. Launcher. (Figs. 18-19). The SATURN Launcher is  
a re inforced  concrete and s t e e l  s t r u c t u r e  42 f e e t  square and 
27 f e e t  high. It has e i g h t  support  arms. Four supports  90° 
a p a r t  (Fig. 20) a r e  can t i l eve red  a t  the  outboard engines and 
a r e  r e t r a c t e d  ho r i zon ta l ly  a f t e r  t he  v a l i d  commitment s i g n a l  

i s  given,  t o  permit the  engine shrouds t o  c l e a r  the  veh ic l e  
during l i f t - o f f .  The o the r  four  supports  (Fig. 21) a r e  dual  
purpose support  and hold-down poin ts  loca ted  a t  45 degrees 
between the  outboard engines. Holddown i s  accomplished by a 
toggle  l inkage which i s  a c t i v a t e d  when the  r e t r a c t a b l e  arms 
a r e  ful ' ly r e t r ac t ed .  I n  event of malfunction of one o r  more 
of t h e  r e t r a c t a b l e  supports ,  a l l  four  supports  may be r e -  
turned t o  pos i t i on  under t he  m i s s i l e  t h r u s t  frame p r i o r  t o  
engine cut -of f .  

b. Umbilical Tower (Figs. 22-23). The umbil ical  
tower i s  used t o  support  and s e r v i c e  the  umbi l ica l  arms a s  
well  as t o  house and support  t he  var ious  e l e c t r i c a l  cab le s ,  
pneumatic and LOX replenish ing  l i n e s ,  l i q u i d  n i t rogen cooling 
tanks,  mechanical r e f r i g e r a t i o n  u n i t s ,  t he  ground hydraul ic  
u n i t ,  and the  pneumatic and e l e c t r i c a l  d i s t r i b u t i o n  s t a t i o n  % 

which a r e  requi red  t o  s e r v i c e  the  boos ter  and upper s t ages  
p r i o r  t o  launching. The tower i s  240 f e e t  high and 24 f e e t  
square a t  the  base. The bottom 27 f e e t  of t he  tawer is 
enclosed t o  provide f o r  two a i r -condi t ioned equipment rooms. 
Above the  27-foot l e v e l  t he  four-tower columns s lope  inward 
t o  a 10-foot  square a t  the  top. Tower f a c i l i t i e s  include 
s a f e t y  ladders  and s e r v i c e  platforms a t  20-foot i n t e r v a l s ,  
a 2000-pound capaci ty  personnel and small  hardware e l eva to r ,  
and a 3000-pound capaci ty  e l e c t r i c  h o i s t  a t  t he  top f o r  
handling l i n e s ,  cables  and the  umbi l ica l  arms. 

7. Propel lan t  Storage and Loading 

a .  Liquid Oxygen (Figs. 24-26). The LOX f a c i l i t y  
f o r  t he  SATURN complex c o n s i s t s  of  p r o t e c t i v e  revetments, 
foundation, and p a r t i a l  weather p ro t ec t ion  f o r  l i q u i d  oxygen 
s to rage  and t r a n s f e r  system. The system has the  c a p a b i l i t y  
of s e rv i c ing  two pads from one f a c i l i t y  a t  d i f f e r e n t  i n t e r v a l s .  
The s to rage  f a c i l i t y  c o n s i s t s  of an in su la t ed  sphere of 125,000 
ga l lon  capaci ty .  The 41-foot diameter s to rage  tank i s  insu-  
l a t e d ,  but  no t  vacuum jacketed,  t o  s u s t a i n  an  evaporat ion 
l o s s  of LOX of 0.2%/24 h r s .  The working pressure  of t h e  
sphere is 40 ps ig  which is maintained by a hea t  exchanger 
f o r  s e l f -p re s su r i za t ion .  The booster  t r a n s f e r  system con- 
s i s t s  b a s i c a l l y  of a 2500 gpm, 400-foot head pressure  c e n t r i f -  
ugal  cryogenic pump with a s soc ia t ed  valving necessary t o  a t r a n s f e r  l i q u i d  through 750 f e e t  of  8-inch uninsulated alumi- 
num t r a n s f e r  l i n e .  I n i t i a l  loading of oxid izer  t o  t h e  upper z 
s t ages  is f a c i l i t a t e d  by manifold l i n e s  connected t o  the  3 
Umbilical Tower and branching o f f  a t  each s t a g e  se rv i c ing  01 
connection. The second s t a g e  i n i t i a l  f i l l i n g  i s  accomplished 
by using a 1000 gpm, 600-foot head pressure  pump and a 6-inch 



aluminum t rans fe r  l ine .  The th i rd  s tage  f i l l i n g  u t i l i z e s  the 
same 1000 gpm pump, but i s  operated under t h r o t t l e d  con- 
d i t ions .  

Replenishing of the  various stages is accomplished by 
using an addi t ional  13,000 gallons,  200 p s i  working pressure,  
vacuum jacketed-tank located i n  the s tdrage f a c i l i t y  confines. 
Replenishing of the booster and upper s tages  is accomplished 
by using a pneumatic actuated modulating valve control led  by 
a LOX tgtnkiing,.cogpufer and level.contilro1 associa ted  with each 
of the stages t o  be replenished. The replenishing t r ans fe r  
l i n e s  f o r  the booster ,  second, and th i rd  stages a r e  3-inch, 
2-inch, and 1-inch i n s e a t e d  l i a e s ,  respectively.  

-Replenishing WX t o  the  upper stages i s  control led  
t o  exact l eve l  and maintained u n t i l  umbilical separation 
during the launch countdown. The replenishing t r ans fe r  l i n e s  
f o r  the upper stages a r e  a l s o  routed through the  umbilical 
tower. 

Th'e LOX t r ans fe r  system i s  automated and is i n i t i a t e d  
and contra l led  from the blockhouse propellant  loading panels 
during t r ans fe r  sequence. P r io r  t o  p r ~ p e l l a n t  loading, the  
system component checkout can be accomplished a t  e i t h e r  the 
blockhouse or  the  LOX complex. 
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~ u e l ,  (Figs. 27-28). The RE-1 f u e l  f a c i l i t y  f o r  b* - 
the SATURN consis ts  of protect ive  revetments, foundation, 
and p a r t i a l  weather .protection f o r  the s torage and t r ans fe r  
system., The system can se rv ice  two .SATURN launch pads from 
one s torage f a c i l i t y ,  bu t . a td i f fe ren t  in te rva l s .  A re ta in -  
ing wall  t o  contain 125% of the  volume of fhe f u e l  tanks i s  
provided with t h  reveted a rea  t o  r e t a i n  th,e fue l  i n  case  of 
tank rupture. The revetment wall i s  15 f e e t  high and is 
e a r t h  reveted on the  pad-side. Fuel. s torage is f a c i l i t a t e d  
by using two 30,000-gallon capacity cy l indr ica l  insula ted  
tanks. The t r ans fe r  system and associated plumbing cons i s t  
of a pad to  support t w ~  1000-gpm centr i fugal  pumps operatiag 
a t  175 p s i  head pxessure f o r  fuel$% the  booster ,  a 600-gpm 
rec i rcu la t ion  pump, a-600-gpm f i l t e r - separa to r  u n i t ,  a n  
abductor system, miscellaneous valves., piping, apd controls .  
The booster i s  serviced-by twu 1000-gpm pumps manifolded in to  
1000 f e e t  of 8-inch diameter t r ans fe r  l ine .  Liquid l eve l  i s  
control led  i n  the booster by a f u e l  tanking computer. The 
densi ty  of RP-I fue l  isrmonitored a t  a l l  times by the f u e l  
densi ty  indicator .  The fuel ,  i s  over f i l l ed  i n  order t h a t  the  
fue l  computer can ad jus t  f ~ e l ~ l e v e l  t o  100% by draining the 
fue l .  The proper-LOX-fuel weight r a t i o  a t  t a k e - o f f h i s  

accomplished by replenishing the LOX t o  proper l eve l  a s  d i c t a -  
ted by the fuel .  

I n i t i a l  upper s t age  f u e l  f i l l i n g  i s  accomplished 
through the same system but by u t i l i z i n g  only one 1000-gpm 
pump and a 6-inch l i n e  at tached t o  the  Umbilical Tower s t ruc -  
ture .  Once f i l l e d  t o  the  prescribed l eve l ,  the  f u e l  t r a n s f e r  
l i n e s  a r e  evacuated of RP-1 by a j e t  eductor operating on 
Bernoulli 's Law of Continuity. 

I n i t i a l  charging of the s torage tanks i s  through the 
f i l t e r - s e p a r a t o r  un i t  t o  insure  proper f i l t e r a t i o n  of f u e l  
and t o  minimize the entrained water content of the  RP-1. 
During long s torage per,iods, periodic operation of t h e . f i l t e r -  
separator u n i t  is  required t o  insure  desired f u e l  cleanness 
p r i o r  t o  vehic le  servicing.  

The f u e l  t r a n s f e r  system is automated and is 
i n i t i a t e d  and control led  from the  blockhouse f u e l  loading 
panels. P r i o r  t o  propellant  loading, the  f u e l  system com- 
ponent checkout i s  accomplished a t  the blockhouse by the f u e l  
loading> panels. C o ~ n i c a t i o n s  between blockhouse and f u e l  
complkx i s  required during t h i s  operation. 

D o  EOOSTE-R  ̂ RECOVERY OPERATIONS (Fig. 29) 

Recovering of the SATU* booster  from the ocean is  
planned t o  be accomplished by the  use o f - a  f Leet of s~us face  , 

vessels ,  including an LSD (Landing Ship Dock), four deatroyer 
(or s imi la r )  escor,ts , two sea  tugs, a PT (Pat<rol) boat, and 
a command-commimications-helicopter-tender s h i p  of a s u i a b l e  
type, Fixed-wing a i r c r a f t  a r e  employed i n  spot t ing the  .V 

downed boost 

a t i o n  w i l l  cons i s t  of four phases: 

1. Location and damagesurvei l la  

2. Recovery of the booster from the  ocean 

3. Decontamination and preservation, and 07 
X 

~3 
4. Return shipment of the rkcovered components. , =! 

9 
Immediately a f t e r  idpact ,  the  hel icopter-  and the PT 

boat seek out tlie booster and keep it under survei l lance  
1 
I 

u n t i l  the remainder of the recovery f l e e t  a r r ives  a t  the 
impact s i t e .  Upon a r r i v a l  a t  the  impact area ,  the  recovery 5 
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With the a f t  deck of the ~ ~ a 6 a ' s h ,  the bo@ste$ i s  GENERAL LAUNCH SITE CRITERIA 
f loa ted  i n t o  posi t ion on suprports'in the LSD wdllr, The FOR A SPACE VEHICLE ' well i s  then pumped dry;,,Zeavisg the bobs t& a& a s$ppor2e&, .- 
posi t ion f o r  d e c o n t a d a t i o n  and preservat:on,.* 

'c, 
\ '1== "; "9 1. Open water downrange t o  cover f i r s t  and second s tage  fa31- 
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APPENm (Table 1-111) 
1. Booster $loaBing rf #?m i e a  fraqsdort  'b 

' I  . , --- 
i* 

Three tables  a r e  presented ;kith =swmna&&ae'The general 
2. Booster +ns&Pt "to'~aJtidh'$ad* ' , , 

space vehic le  launch s i t e  c r i t e r i a ,  the launch s i t e  / I  + At,l ' 

operations,  and the r e l a t i v e  cos t  of the main cos t  items of 3.  Upper s t?ges dnlo'adiga ffsmikea t ranspqrc  >akge a t  dock- 
s i d e  

a SATURN launch system. y e  x t ,  * 

4. Upper stages checked hbf izonta l ly  i n  the building 

5. Payload u;loadikg and t ranspot t ing ' to building 
f o r  t e s t ing  I .  + - 

6 .  Mating checks , 0. - 
~ > 

7. Transfer of booster and s tages  t o  t h e  launch pedestal  
oT 
2 

8. Ver t ica l  checkout (functional ,  over-a l l ,  pre-launch, 
ca l ib ra t ion ,  alignment, simulated f l i g h t ,  f l i g h t  sa fe ty ) .  f 

r 
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