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TOTAL 

CF s-1 



SUMMARY OF CONGTRUCTION FROGRAW 

Fiscal Year 1962 
Fiscal Yeax Requested Fiscal Year 

Appropriated supplombntal 1963 1961. I 

5,154, ooo 

3,580, --- 10,360,000 

m --- 4,300,000 7,945, -- 
269,356, coo 71, OOO, OOO 818,998, OOO 

-24,356, OQO 

--- 
--I 

_-. -a- 

l&d...des $4 . W3,900 authorized under "Various Locations" 
2&cPuciad in authorization act under "Various Locations"' 
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Location and Project 

EJcw Area: 
Advanced Saturn launch 

complex No. 39 ............... 
Advanced Saturn-Nova supporting 
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Lbcation summary 
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IbAa operations and command 
building. ...................... 
f a c i l i t y  ....................... 
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laboratories ................... 
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Project Location 
Total -- Estimate  
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icl ,360, oocl 
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3,045, CKIo 

610,ooo 
2, 8 6 O Y ( r n  

820, ooo 
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Location and Project 

-- I rm~ley  Research Center: 
1,octxbiiion Swmnary 
l~)ca%ion plan 
ILfia.d:Ht;J.on t o  heating plant ......... 
lM.il;ional equfpn-b f o r  
mxgnetoplasmadynanics research.. . 

lLd&ltional power suppw and 

nr3grtmtt arc tunnel.............. 
finproved arc  chaniber f o r  10- 

fPmi.romnt& research f a c i l i t i e s  
f rx: spacecraft components and 
mzterial.s.. . . . . . . . . . . . . . . . . . . . . . .  

l?rwticle accelerator f o r  simulation 
o:P micrometeoroid impact ......... 

StdDflization and control equipment 
laboratorye0... .  ................. 

V12hLt:l.e antenna t e s t  f ac i l i t y .  . . . 
Lwals Research Center: .---- 
'Locat Lon SUmnuEtry 
hc?Lt:ion plan 
13asr(slopesit, engineering building. 
1I.ydrogen heat transfer facil i ty. . . .  
Lunar propulsion research fac i l i ty .  
Iflxkrni z a t i  on and re coadf tioning 

of l?lm Brook service f ac i l i t i e s .  
Nucletu rocket d y n a c s  and 

CDIn- t ro l  f ac i l i ty . .  ............... 
1 3 p m  propulsion fac i l i ty . .  ........ 
.--- Iflanncd. Spacecraft Center: 
Location Summary 
:Loc%tion p m  
F l igh -~  acceleration fac i l i ty .  . . . . 
Tbemochemical. test facilities. .... 
:Lunar l a d i n g  sfPaulation fac i l i ty . .  
S i t e  c2eTd%lopmnt and utiljtky 

ins~taUa.~Lcsns.. .................. 
. M ~ P s ' U  .-- Space Flight Center: 
Location S u m m a ~ ~  

.Addition to colaputation division 

Components test facility... . . . . . .  .. 
Locat:Fon plan 

bUi l~ng. .o .0 .  ................... 

Project Location 
Total Es t imate  -__. 

760,000 

997, om 
936, ow 

43.9 833,000 

30,755 , OOo 

7,625 , 000 

33,437, OOo 
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CF 1 0 - D l  

CF 10-El  

CF 10-F1 
CF 1041 
CF 10-Hl 
CF 10-11 

CF 1041 
CF 10-Kl 
CF 10-LL 
CF 10-Ml 

- bxa t ion  and ProJect 

Components and subassembly 
acceptance building............... 

Ehgineering and administration 
.building.......................... 

Fxpansion of instrumentation 
systems i n  West Area.............. 

F-1 engine test stand............... 
H;yd.raulic t e s t  f a c i l i t y  ............. 
brw temperature facility... . . . . . . . . .  
Mxlification of West side of s t a t i c  

test stand..o..................... 
Engineering building.... ............ 
1 : n s t m n t  laboratory.. ............. 
Support f a c i l i t i e s  i n  West Area..... 
Ut i l i t y  installations............... 

Michoud Plant: CF ll I- 

lCP 1 1 - A l  Location Sunrmary 

Project 
Estimate 

$950,000 

2,500,000 

CF =-A2 LDcation plan 

CF 11-B1 H i g h  pressure t e s t  f a c i l i t y  ......... 1,000,OOO 
CF 1141 

CF 1 1 - D l  V~cr t i cd  assembly building.. ........ 3,000,000 

CF l l - A 3  Modifications t o  Michoud Plant... ... 11,400,OOO 

fac i l i ty .  ......................... 3,000,000 
R;ydrostatic test and cleaning 

CFl.2 Mississippi --- Test Facility: 
CF 12-fi Location Sumnary 
CF 1242 bxa t ion  plan 
CF 1 2 6 3  Advanced Saturn stage t e s t  

f ac i l i t i e s . .  ...................... 36,000,000[1{ 
CF E - B l  Nova stage f ac i l i t i e s .  .............. 43,000,000 I 
CF 1241 Ut i l i t y  instal la t ions and support 

facilities........................ l3,5OO,ooO 

CF 13 
CF 1 3 4  
a- 1342 
CF 1 3 4 3  

CF 13-si 

CF 1341  
CF 13-Dl  
CF 13-El 

Nuclear --- Rocket Development Station: 
L :c?tion Summary 
Location plan 
Stage s t a t i c  test and maintenance 

Stage demating, maintenance, and 
facilities........................ 20,205,OOO 

&isassembly f a c i l i t i e s .  ........... 8,660,000 
Radiation effects  faci l i ty . .  ........ 7,125,000 
Components test f a c i l i t i e s .  ......... 1,885,000 
Support facilities...........o~.~..~ 2,125,000 

Location 
Total -- 

92, !SOO,,OOO 

40,1300,000 
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page Project IIocation - NO Location and Project Est imate  Total - 
CF 14 
CF 1bAl 
CF 14-U 

CF 14-Bl  

CF 1 4 - 0 1  

CF 14-01 
CF 14-El 

CF 14-Fl 

CF 1441 
CF 1 4 - H l  
CF 14-11 
CF 1441 
CF 14-KI. 
CP 14-Ll 

Various -- Locations : 
1,oocation Summary 
Advanced antenna system 

Advanced Saturn dynamic test 
f a c i l i t y  ......................... 

Antenna fac i l i t y ,  Johannesburg 
Eltation.......................... 

Antenna f ac i l i t y ,  Woomera Station.. 
hats acquisition fac i l i ty ,  Far East 
Btation.......................... 

Data acquisition fac i l i ty ,  Rosmern 
Sftation.......................... 

Faci l i t ies  f o r  F-1 engine program.. 
Faci l i t ies  f o r  5-2 engine program.. 
Faci l i t ies  f o r  M - 1  engine program.. 
Manned space flight control centers 
Space radiation effects  laboratory. 
:Nova stage manufacturing f a c i l i t i e s  

Goldstone Station................ 

2,100,000 

CF 15 Wallops .-- Station: 
CF 15-AI. :Location Summary 
CF 15-A2 :Location plan 
CF 15 -A3 Advanced data acquisition system.. . l,5OO,OOO 
CF l 5 - B l  

control, safety, and support 
s:ystems and equipment.. .......... 2,000,000 

Vehicle checkout f a c i l i t i e s  and 

Modification and expansion of range 

CF l 5 - C l  ........................ elquipmnt 8 0 0 , ~  - 
TOTAL, 1963 PROCRAM .................... $818998, OOo 

(I:[) Incrementally funded project. 
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Page 
No. - 
CF1-A2 Location plan 

CF1- A3 Bioscience la~ratofy................~.~..~~.. 

CF1- B1 Mach number 50 helium t.LLnnel.................. 

b92k,OOO 

1,500,000 

CFI- CI Radiative heat system for mas8 transfer 
facility..........................~s.e.ooa.. 2,225,000 

CF1- D1 Space fl ight guidance reseaxch facility. ...... - 9j790,OOO 
Total................... $&439,000 
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N-IW 
N-201 
N-202 
N - I C 4  
N-104 
N-1W 
N-100 
N-1WA 
N-101 
N-108 
N-109 
N-110 
N-211 
N-211 
N-113 
N-114 
N-115 
N-114 
N-117 
N-118 
N-110 
N-110 
N-111 

N-223 
N-114 
N-116 

N-aaa 

ADMWTRATION BUILDING 
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KNOINEERING LIERVICES BUILDING 

IO-BY 14-INCH SUPERSOMC WND TUNNEL 
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FLUID UECHANICS LABORATORY 
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PRE88URIZEU BALLISTIC RANGE 
SPACE FLIGHT SIMULATION LABORATORY 
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ETRUCTURAL FABRICATION SHOP 
INKTRUUENT RESEARCH LABORATORY 

*DywmmnoN B m m c  *MIEX 

law  DEN^ AM) HEAT -FER mm 

u m n  FINISHING SHOP 

TUNNEL8 

U U S  BUILDQG 

7-BY LO-FOOT WIND TUNNEL N a  1 
7-BY I-BY LO-FOOT 3 1/1-FOOT WIND HIGH TUNNEL SPEED NO, WIND 1 TUNNEL 

ELEClRICAL SERVICES BUlLaNG 
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40-BY &FOOT WND TUNNEL 
1-81 man m ~ ~ s o m c  WIND TUNNEL 
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ATUOBPHERE ENTRY SIMULATOR 
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. ._. .... ... 
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AUXILIARIES BUILDING 
N-130 HYPERVELDZITK RESEARCH lrAQaRATORV 
N-131 HYPERSOMC RELNM TUNNEL 
N-131 

N - n m  urnmy PL*N WND TUNNELS, AUXILIARIES BUIWING 

I nLOl M W E L  OF HYPERVELOCITY FREE FLIGHT TACILITY 
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FISCAL YEAR 1963 ESTIMATES 

BIOSCIXRCE LABORkUQRY 

DESCRIPTICN: --- 
A bicscience laboratory is proposed fo r  construction t o  provide the 

research fac i l i t i e s ,  offices, and support functions f o r  systemic =lid sub- 
systemic research i n  the s e w a t e  but related f i e l d s  of immunology and 
genetics, radiobiology, and exobiology. The laboratory structure viU. 
provide aFproximately 2cj,m square f e e t  of space in  the geneml arrange- 
ment shown i n  the sketch on the next page, 

JUSICIFICASIOH: --- 
Life sciences, f r o m  the space point of view, comprise the funstions 

involved i n  the basic biological exploration of space and those aero- 
space medicine ac t iv i t i e s  required f o r  manned space flight. 
f a c i l i t y  is necessary t o  permit a mdest in-house capaBility t o  be ac- 
quired i n  the area of space biology similar t o  the manner in which is- 
house capability has been provided f o r  other s c i en t i f i c  discipline; in 
the physical and engineering sciences, Aero-space medicine ac t iv i t ies ,  
as such, w i l l  not be conducted i n  the f a c i l i t y  although limited s p c i a l -  
ized investigations may be undertaken i n  physiological and behavioral 
sciences. Necessary data in  the aero-space medicine f i e l d  w i l l  be 
acquired 'by grants and contracts w i t h  universit ies,  o r  contracts w i t h  
industry, and by use of the extensive aero-space medicine f a c i l i t i e s  
&re* i n  existence at various Department of Defense instal la t ions.  

The proposed 

The research programs t o  be conducted in the proposed f a c i l i t y  w i l l  
concentrate on the x~chanisms underlying biological phenomena of hyper- 
sensit ivity,  immunological pakslysis asd inmnrnological tolerance, itnd 
how the sFace e n v i r o m n t  interacts  w i t h  these responses. 
basis of individual differences i n  responses t o  particle radiation wi l l  
be investigated, The responses t o  par t ic le  i r radiat ion w i l l  be studied 
a t  the organismal, t issue,  cellular, subcellular, and molecular levels. 

The gemt ic  

These studies require basic research i n  the f i e lds  of hmunogsnetics, 
immunochenbstry, classical,, cellular,  and molecular genetics, and 
radiobiology. 
of the space environment, such as heavy particle i r radiat ion and 
weightlessness, as research tools. 
genetic syntms will be studied in reference t o  their possible presence 
and s t a t e  of development on ex t r a t e r r e s t r i a l  bodies, 
on in-'house experimentation t o  provide the competence t o  monitor clan- 
tractw.3. efforts, An operationally f lexible  laboratory building w i t h  
f a c i l i t i e s  for  prolonged experimentation is  therefore planned. 

The research w i l l  be designed t o  use the unique features 

The evolution of immuno1ogica.l and 

Bqphasfs will be 
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BIOSCIENCE LABORATORY 
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A brief aescription of the major resear& -as to be pursued 
f omws: 

(a) Genetics: Research will be carried out on the e f fec ts  of 
Farticle i r radiat ion on genetic systems i n  bacteria, f ru i t  
f l i e s  (Drosophila) and inbred mice. 
change will be studied a t  the cel lular  and molecular leve 1. 

The mechanism of genetic 

(b) -- lmnnanogenetics: Research w i l l  be performed on the mecbanlsms 
involved in the determination of immunologically specific,  
@;eretically controlled, reactions, and the e f fec ts  of the 
space environmnt on these reactions. 

(c )  -I I(aCTiobio1ogy: Research on the basic reactions between ionizing 
i-ailiation a d  living material w i l l  be studied, especially in 
reference t o  the heavy and higbly energetic radiations found 
jn space, 

(a) fkcibioloay: The functional orgasization of g e t i c  systems w i l l  
be studied t o  understand their evolution and b correlate 
1;ei~estrial. systems with those t o  be found on ex t r a t e r r e s t r i a l  
1)oclies. The analysis of organic materids found i n  m t e o r i t e s  
T&U be carried on and integrated with other studies on the 
presence and evolution of l i f e  systems in  the universe. 

Stm4lztS ana parking area.. ................... $37,200 
Uti1Lit;y connections. ......................... 20,000 

C. FACILITY COSSTRLTCTIOS Aw) ~DIFICATIO~..o.ro...o.~~oo.o. '709,700 

m m W . . . ( 2 6 , g o o  square f ee t  at  $26.40 
per square foot). ................ 709,700 

Special built-in equipment, cold boxes 

Office  it^........................^.... 20,OOO 

vacuum pumps, and s t e r i l i ze r s  .............. 42,350 
Laboratory equipnu3nt ......................... 44,750 



AMFS RESEARCH CENTER 

DESCRIPTICQ?: -- 

blowdown tyys w i t h  a t e s t  section 48 inches in  diameter, 
will util.j.ze interchangeable axisynxnetric nozzles t o  obtain t e s t  Mach 
numbers of’  :;O and 50 at test Reynolds nunibers from 0.1 t o  1.4 million. 
It will bc:  capable of producing 10 consecutive 60-second runs before 
requiring a 3-hour p u g  time t o  r e f i l l  high-pressure storage vessels, 
If rumiry; times longer than 60 seconds are required f o r  special t e s t  
purposes, one 10-minute run can be obtained every three hours. 
tunnel w L 1  operate a t  reservoir pressures of 5000 pounds per square? 
inch and t i t  a laeurimum temperature of l5OOO F. 
high-pressure storage vessels w i l l  flow through a small e lec t r i c  
heater ~ u ~ o u g h  the nozzle and test section, into a steam-ejector 
vacuum pwaping plant. 
t he  stean e,jectors a t  mar atmospheric pressure through a water- 
cooled heat exchanger, used t o  remove the s tem,  in to  a vacuum 
storage wsrael.. From thifi vessel the helium w i l l  be pumped t o  t h e  
existing high-pressure storage b - ~  the evacuator-compressor system 
used by the existing hypersonic helium tunnel, The sketch on the 
foUuwin(5 page! shows the genepal arrangement and location of the 
proposed .Facilityo 

It is, proposed t o  construct a Mach number 50 helium tunnel of the 
The tunnel 

The 

Helium from existioig 

The helium w i l l  then pass from the out le t  c f  

tunnel w i l l  u t i l i z e  the %allowing existing equpzxent: 

1050 cubic feet. of 60OO-psia storage vessels. 

k3-b& diameter T-stage evacuator-compressor system. 

Helium purif ier .  

Steam boiler  associated with the DELSS t ransfer  f a c i l i t y ,  

Transformer and e l e c t r i c d  heater control equipment used i n  
the hypersonic p b e t a r y  gas t e s t  f ac i l i t y .  

CF1 -Bl 
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This project includes the addition of  the following new equipment: 

Test section and two 48-inch outlet-diameter nozzles to ]pro- 
duce ,Mach numbers of 30 and 50. 

Small e lec t r ic  heater t0 produce.1500° F. out le t  helium tempera- 
t u r e  (1 megawatt power requirement). 

Cryogenic desiccant bed t o  supplement present purifier to pm- 
duce out le t  helium puri ty .  of 99.9 percent. 

St,eam-ejector system (0.2 l b  per sec at  0.1 mm Hg absolute). 

Cooler t o  remove steam fromhelium. 

Snlall high-pressure control valves, one @:inch vacuum vhve 
W.d piping. 

Vacuum storage vessel (225,000 cubic feet) .  

High-speed magnetic -tape data acquisition system. 
. 

Building to house heater, nozzle, t e a t  section, and control 
Toom. 

A st8erani-ejector pumping plant and a supply pressure of 5000 psia 
w i l l  provjde! a continuous pressure r a t io  of a t  least 250,OOO duriw the 
runs. A cry-ogenic desiccant beQ,laced downstream of the present 
helium p u r i f i e r  w i l l  provide helium w i t h  a puri ty  of 99.98 percent com- 
pared w i t h  the presently available purity of 99.4 percent. 

Model.$ w i l l  .be mounted i n  the tunnel on a cantilevered sting-type 
support which w i l l  be moved to change model a t t i tude  over a wide range 
during a teeit blow. 
measured vith an internal strain-gage balance. Surface pressures w i l l  
be measured by use of fast-acting pressure c e l l s  mounted.inside t h e  
models. 
and heat tmtnsfer w i l l  be measured by use of heat plugs mounted inside 
the models. All data w i l l  be recorded w i t h  automatic recording equip- 
ment capahle: of about 2500 samples per second. 

Forces and moments acting on the models w i l l  Ibe 

Surface temperatures w i l l  be measured w i t h  thermocouplea, 

One building w i t h  an area of approximately 5000 square f ee t  w i l l  
house the equipment and control room for  the tunnel. 

JUSTIFICA1IIC)N : 

using mod.c:le which are  supported i n  an essentially fixed position during 
t e s t s .  %lese advantages, which accrue as a result of increased and im- 
proved inwtm.unentation emd as a result of accurate control of t e s t  con- 
ditions, Eire particularly evident i n  studies of pressure distributions,  heat - 
t ransfer  clie;tributions, and control effectiveness. A t  the present time 
there is  no existing f a c i l i t y  of the fixed-model type which can geinerate 

--- 
Past, research has demonstrated the numerous advantages of f a c i l i t i e s  



test  Mach numbers greater than 26. 
Apollo, t e s t s  a t  Mach numbers up t o  about 40  and possibly higher a re  
required. 
medium (certainly the most desirable medium) are at  present remote since 
such faci:Lities would require equivalent ideal-gas stagnation temperatures 
i n  exce'ss ( D f  30,000 F. For t h i s  reason, use of  test  media other than 
air  has been considered. 
shndpoint-of ease of f a c i l i t y  development i s  helium. 
capable of a Mach number of 50 requires stagnation temperatures of only 
about 150133 F. 
the gas i s  mmatomic, while air  under normal conditions i s  composed 
primarily D f  diatomic gases. 
borhood of 40, however, most of the diatomic molecules i n  air w i l l  be 
dissociated. 
similarly to  a monatomic gas. "here are some shortcomings, howeve!', 
and a helium f a c i l i t y  f o r  t h i s  Mach number range by itself would p:"o- 
vide data of only questionable validity.  It is  planned, however, TO 
use the proposed f a c i l i t y  as a complement t o  the existing hyperson:Lc 
free-fl ight f a c i l i t y  which, with gun-launched models, i s  also capable 
of t e s t  Mach numbers up t o  about 50. This f ree-f l ight  f a c i l i t y  uses 
air as a t e s t  medium but can be used i n  the study of models o f  o a r  
limited complexity. 
plement t3 the existing free-f l ight  tunnel f o r  use i n  detailed studies 
i n  such areas as control effectiveness and pressure distributions.  
questions arise as t o  the val idi ty  of a par t icular  s e t  of data froin 
the proposed fac i l i ty ,  they can be answered through coordinated t e s t s  
i n  air i n  the free-f l ight  tunnel. In particular,  the proposed f ac i l i t y  
w i l l  be useful i n  providing the type of informatian (load distributions,  
hinge noments, e tc . )  required i n  the engineering design of a confi@ra- 
t ion f inal ly  selected fo r  a par t icular  mission. A t  present, such informa- 
t ion cannot be obtained i n  t h i s  Mach number range with any other exis t -  
ing o r  planned f a c i l i t y .  
su l t s  throughout the evolution and construction phases of the ApolLo 
program. 

For advanced projects such as project 

Toe poss ib i l i t i es  of obtaining such t e s t  streams w i t h  aLr as the  

One of the more a t t rac t ive  gases from the 
A helium tunnel 

The primary shortcoming i n  the use of helium is tht& 

For f l i gh t  at  Mach numbera i n  the ne:.gh- 

In many respects th i s  dissociated gas behaves very 

The proposed f a c i l i t y  w i l l  provide a useful com- 

When 

The proposed helium tunnel w i l l  produce re- 

COST ESTINA'I'E: 

A. LAND ACQ,UISITION ................................ 
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS $ 45,000 

Grad.in.g, parking l o t s  and roads. . . . . . . . . . . . . . .  $ 25,000 
Ut i l i ty  connections ........................... .20,000 

C . FACIEITY CONSrWUCTION AND MODIFICATIONS 620;, ooo 

Building (5,000 square feet a t  $18 .OO per 
squen foot) .................................. go, 000 
Test Eection and nozzles.................... .. 185, ooo 
Piping and valves. . . . . . , . . . . . . . . . . . . . . . . . . . . . .  140,000 
Vacuum storage vessel . . . . . . . . . . . . . . . . . . . . . . . . .  205,000 
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D . EQUIPMENT9 INSTRUMENTMION9 AND SWFQRT SYSTEMS 

Heater. .................................... $ 45. 000 

Ejectcirs .................................. 385. 000 
Data recording system ..................... 240. 000 

Helfum P.fffeP ........................... 65. 000 

Balances and general instrumentation. ..... 30. 000 

$ 765. 000 

0 000 E . DESIGN fJtD ENGINEERING SERVICES -L.. .. 
T o t a l  estimated @osto ............................. $1.500. i002 

CF 1- B5 



M S  RESEARCH CENTER 

DESCRIPTION: 

&e proposed radiative heat system w i l l  consist of radiative 
sources (stabilized, high-intensity e l ec t r i c  arcs and -in@; optical  
system), a power supply, a cooling system, controls, and instrume:iita- 
tion. The radiative heat system will  be installed in the mass t ransfer  
f a c i l i t y  for the purpose of providing a. padiative heat f lux t o  a heat- 
shield material at  the same time that it is being subJected t o  convec- 
t i v e  heating from an arc-heated high-velocity air Jet. The system 
will provl de radiative f h x  magnitude and spectral  distribution 
represents,tive of peak radiative heating condltfons f o r  a manned 
lunar vehicle entering the eapthnsI atmosphere. This w i l l  require EL 

flux: magnJtc.de of 500 Btu per square foot  per second, with 50 per 
cent of the flux in the ul t rav io le t  range of wave lengths and the 
remainder in the visible.  
inch dianreter model. Provision of' the required spectraL distribution 
a t  the spec3.fied flux levels  w i l l  require the design and construction 
of a spec:.a3. radiation unit. 
contrcl  o f"  the convective and radiative heat fhutes. A schematic 

The specified flux magnitude is f o r  a 6- 

Provision w i l l  be made for independent 

diagram cif: the proposed 

A rmuied vehicle 
missaon sr:ill- be exposed 
that bal1~:Lsi;ic missiles 
also t o  iiitense heating 

heat system is shown on the following page, 

entering the earthDs atmosphere from a lmar 
not only t o  the convective type of heatin@ 
and s a t e l l i t e  vehicles have encountered, 'ciut 
by radiation from the envelopbg shock-hee,tted 

air. ".he prc~~. i s ion  of adequate thermal protection %or occupants s31C1 
vehicle ir.Lthout incurring prohibitive weight penalties dem&s the% 
heat-shie:Ld materials be t-ested under- t h i s  combined heating envirca- 
men% 

KLthbhtaugh it would be desirable Lo tes t  ful l -scale  heat shields, 
pract ical  considerations dictate  the use of scale models o r  emal3. 
secttons of %he complete heat shields. 
meter are judged t.0 be the smallest pract ical  size f o r  such t e s t s ,  
This G ~ Z C :  w i l l  allow tes t ing  of sections of the complete heat shield 
incbudfng t . 1 ~  abla-bion material layer, the insulating layep, and inhe 
back -up a;Lplrct,me ,, 

Models of about &inch &EL- 

Ai e:&ernal radiative source is required t o  provide the required 
flux densities;, and t o  provide independent control. o f  the radiatiire 
and convective fluxes, 
enthalpy gas st,~eams can p:rovide a large part  of the convection heat 

Existing f a c i l i t i e s  which provide high- 

http://magnJtc.de
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f p , ~  hu.; me incqable  of providing the required radiative heat flux 
f o r  &rc ~ e ~ i s m s :  first, t h e  raiiiation PZux is extremely sensitive to 
the t e z g ~ m t u r e  os enthalpy- level  of the tes t  gas - much more so than 
the cc~nvecticsn htsrs;tm - md the existing f a c i l i t i e s  lprovxde gas 
streams wjf;la enthalpies s ignif icant ly  less than those match- 
atmosphere e n t r y  from a lwmx mission; and second, the radiative heat 
flu 16 &i.i-ec:%.ly proportioxnaP t o  model scale even if t e s t  stream 

entry. 
in& dxm-l:,c;i- m s d d  would o d y  be 1/24 of that fo r  a 12-2foot diameter 
vehic2e I 
ing t he  ~xs1;hcsZpy level of t h e  t e s t  gas and, if success9ub, w i l l  
remvc the f i r s t  Ifmitation, the second limitation etfll.  presents e, 
serfour? bwr:ler to  the adequate research and 
shields f w  tqxiceerslft retangling from deep space missions. 

 le^: mi& densit ies am equivalent t o  those occlurping Wing 
Fcr  example, the shack-layer radfa%ion intensi ty  for a 6- 

hli%augh considembl..e e f fo r t  is being directed t o  increaE- 

of heat 

Ma9ifi.cation t a  existing facil i ty.  e .  145,008 
Poyaer distribution within fac i l i tye . . .  l50,000 

D . EQ,un:mvr . ~STR;UME~TATION, AND SUPPORT s~snms ....... 1,65firooo 





AMFS IIESFAFCH CENTER 

FISCAL YEAR 1963 ESTIMAmS 

SPACE FLIGHT GUIDANCE RESEARC€I FACILITY 

DESCRIPTIOI? : 

Consti-.lic-tion of a simulator i s  proposed t o  undertake research %o 
obtain the information necessary t o  the integrated design of the 
guidance, s ta’~i l izat ion,  control, and crew support systems i n  advanced 
manned spacxra f t ,  such as Apollo. The simulator w i l l  provide, within 
earth -baseti lid ts , a realis t i c  simulation of the environment, acceler - 
ations, motion, and tasks f o r  crew and equipment within a representative 
space capsirle during take-off, midcourse flight, entry, and landing 

The proposed f a c i l i t y  will consist of three major elements: 

( a) ,A representative three -man space capsule containing the crew 
life-support system; the navigation, guidance and control 
equipment and such environmental conditions as can be 
represented with adequate realism; and the instrumentatio:ii 
necessary t o  present t o  the crew a r e a l i s t i c  representation 
cf  the navigation problem. 

b) A computer which w i l l  be capable of accepting inputs from the 
capsule and crew and of converting these inputs i n to  appmpriate 
capsule motion commands and visual  presentations. To provide 
Ecceptable computer accuracy, it i s  expected tha t  analog md 
i.i@;ital computer techniques will be required i n  a combined 
operation. 

c )  1’he support and drive mechanism for the capsule, consisting 
of a rotating centrifuge am on which the capsule i s  mounted, 
E L  ver t ica l  t rave l  mechanism f o r  the capsule, a gimbal system 
tinct drive mechanism capable of rotating the capsule i n  cclmplete 
freedom about the three axes, and a mechanical brake for 
siniulating the impact decelerations of landing. 

The f’:;gure on the following page shows schematically one possible 
capsule suspension, drive, and braking system. The capsule will be, 
suspended :so that  it has unlimited motion about three axes: 
pitch, and yaw. The associated e l ec t r i c  or hydraulic drive motors would 
be mounted on the pitch gimbal, yaw gimbal, and outer frame, respectively. 
The ginibahd syskem capable of ver t ica l  movement w i l l  be attached 1;o the 
centrifuge a:rm and will be supported ver t ica l ly  by f l u i d  guides. 
centrifuge arm may be driven by a single or multiple e l ec t r i c  moto~s 
operating through multiple chain drives. 
deceleratfims w i l l  be accomplished by a mechanical brakc o r  negative 
torque i n p u t .  

r o l l ,  

%e 

The simulatEon of impact 
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The centrifuge arm drive system will be capable of centrifugal 
onset accelsration rate of 5g per sec t o  a maximum of 50g, w i l l  be 
capable of maintaining the 50g loading f o r  a minimum of 10 minutes 
and will be capable of a 5g per sec deceleration ra te .  
peripheral speed of 60 f e e t  per second the brake w i l l  be able t o  
decelerate tb.e centrifuge arm i n  a manner equivalent t o  an impact 
landing. k ' i t b  regard t o  design and construction, although the described 
system consists of a number of f a i r l y  well proven subsystems (such a s  
the chain drive and mechanical brake), the required acceleration ra tes  
i n  combina.t,icm with the required dynamic response result i n  large 
structural. and drive system loads. Due t o  these extreme requirements 
aggravated. by gyroscopic effects ,  a thorough engineering study will 
be required t o  determine the f eas ib i l i t y  of various approaches. 

Below a 

A circ:ul.ar room about 130 f e e t  i n  diameter w i t h  special foundations 
w i l l  house the simulator. Associated medical, equipment, shop, and 
control areas will be included i n  a new building adjacent t o  the 
circular room. Office space.;: f o r  professional operating personnel is 
currently rtvriilable e 

Combi.ning the operation of these three elements w i l l  make it 
possible to examine rea l i s t ica l ly ,  w i t h  one exception, the most 
important :?e.e!;earch problems associated with the interrelat ion of the 
elements, mechanical, e lec t r ica l ,  optical, and physiological, of t1.e 
space f l igl i t  mission from take-off t o  landing. 
of course,, the question of weightlessness during midcourse f l i g h t  
which cannot be reproduced acceptably under laboratory conditions. 
To mlnimi:st? the effects  of ear th  gravity during midcourse simulation, 
it i s  proposed t o  hold the crew a t t i tude  close t o  that Judged most 
nondistrar: ting, t o  provide rotat ional  acceleration cues by means of 
washout, co it rols ( i n i t i a l  cue followed by angular -acceleratfon f adct - 
out so that l i t t l e  motion resul ts) ,  and t o  provide important a t t i tude  
cues by TiSuiiL presentation. 
moderate ' e r t i c a l  and longitudinal acceleration cues associated wi-;h 
midcourse corrective action. Because the midcourse accelerations w i l l  
be small, it appears en t i re ly  possible t o  mount the proposed capsu:Le 
on the existing Ames centrifuge equipment f o r  t h i s  purpose, and ea:i?ly 
construction of the capsule and gimbal will allow research t o  be 
expedited. It i s  impractical, however, t o  consider combining the 
proposed capsule and the existing Ames centrifuge t o  study launch, 
abort, or  re-entry. 

The one exception js, 

The centrifuge arm w i l l  supply the 

JUSTTFI~TION : --- 
It i s  apparent t ha t  extrapolating past  experience w i l l  not be an 

adequate basis f o r  solving the guidance and control problems of maimed 
space f l igh t .  Since a t  l e a s t  the major problems must be solved before 
the vehicle f l ies ,  piloted simulators are the only recourse. As t h e  
first sterl i n  defining requirements, the mission can be divided in to  

C F L D ~  



four segments or  types of operation: 
maneuvering, atmosphere entr ies ,  and landings, including impact. 
I n  each of these operations there are requirements f o r  both normal and 
f o r  abort or emergency conditions. I n  addition t o  the applicable icon- 
t r o l  task, an effective simulator must provide the proper levels o:P 
stress: l i n e a r  acceleration, angular motion, heat, vibration, noise, 
pressure, impact, duty t i m e  (fatigue),  appropriate t o  each segment of 
the mission. 

launch control, midcourse 

It i s  possible with exis t ing equipment t o  study individually the 
various aspects of a long-term space flight problem, that is, the Life- 
support systems, the guidance and control systems, the a t t i t ude  control 
systems, the navigational instrumentation, e t c .  Such studies are 'being 
pursued actively. They w i l l  serve t o  separate promising from unpn3mis- 
ing o r  unacceptable systems and t o  pursue research on promising sy;;tems. 

However,  the interdependence of these various systems w i l l  be 
Thus, it can be anticipated that a system which appears wholly great. 

acceptable when evaluated separately may w e l l  prove unacceptable i l l  

whole or  i n  pa r t  as a consequence of incompatibility with other paxts 
of the system. Representative areas of concern i n  t h i s  regard can be 
suggested : 

Are the ac t iv i t i e s  of the crew while performing the info:?- 
mation-acquiring function compatible with the a t t i tude  - 
control system and i t s  power requirements? 

In what way should information be supplied the crew so that 
it can be used most effect ively f o r  n o d  and f o r  emergency 
conditions? 

Haw i s  crew fa i lu re  recognized and how i s  automatic or ground 
control integrated in to  the system t o  take over i n  event of 
crew or  on -board-equipment failure? 

Eaw well can crew, navigation, and control systems function 
BS a un i t  during the c r i t i c a l  period of velocity corrections? 

.Ars the navigational. and control duties of the guidance 
system compatible with the p i l o t ' s  physiological state wlien 
we11 i n to  the mission and par t icular ly  under emergency con- 
li tions? 

Is the over-all  precision and effectiveness, determined 
experimentally, as good as predicted from synthesis of com- 
ponent resul ts ;  i f  not, where will improvement pay off most? 
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I n  considering the questions raised by a study of the research 
requirements f o r  an integrated examination of the guidance, stabi1:i.- 
zation, control and crew support systems, two requirements stand out 
which are not met  by existing equipment. 

F i r s t  i s  the requirement t o  place the crew i n  the most realis-i;ic 
environmentpossible i n  order t o  study the compatibility of the crew 
under environmental conditions with the various aspects of the 
guidance, navigation and control systems. Regardless of the f i n a l  
decision as  to the primary source of vehicle command, earth-based or  
on-board, these i s  a need t o  study on-board control, either as priinary 
or as back-up. 
enable the crew t o  be faced with these tasks under a most r e a l i s t i c  
physiological and psychological environment. 
that crew performance depends heavily on these factors;  only when they 
are taken in to  account can adequate research be carried out on the pro- 
blem of rastch-ing system and crew capabili t ies.  

Therefore, a research capabili ty i s  required which w i l l  

Existing evidence shows 

The second requirement i s  the need t o  reproduce motions and 
accelerations associated with the complete mission. 
accelerations are the two responses most closely associated with tlie 
p i l o t  control, suggesting a multiple -degree -of-freedom centrifuge 3s 
the basis f o r  the proposed simulator. 
centrifuges have been used extensively as pilot-controlled simlatxs, 
both f o r  basic research and i n  specific preparations f o r  the X-15 and 
the Mercury operations. Their value has been clear ly  demonstrated not 
only by t h e  research data but by the opinions of the experimental test 
p i lo t s  used as subjects. The Mercury astronauts have c i ted  the several 
ser ies  of t e s t s  on the Navy's Johnsville centrifuge as the most valuable 
part of t h e i r  preparation. 

Linear and a n p l a r  

I n  the past several years 

The proposed f a c i l i t y  w i l l  have the capabili ty desired f o r  lunar 
and other advanced missions. The suggested design i s  based on operating 
experience with exis t ing centrifuges which were nearly a l l  designel9 ten 
or more years ago f o r  medical tests where the subjects were not required 
t o  control the device. a?he major requirements a r i s ing  from the shor t -  
comings revealed i n  existing equipment and the changes introduced by 
the lunar mission are summarized i n  the tables on the following twct 
pages ent i  tl.ed, "Dynamic Performance Characteristics, I' and "Environmental 
Capabilitjies . I' 

Before considering each character is t ic  and capabili ty separately, 
it should be emphasized that  the basic concept i s  a single device 
simulating a. complete mission i n  real time by providing nearly a l l  
stresses except zero-g i n  their proper sequence. 
"Environrrtental Capabilities" hers been prepared t o  show i n  a qualitative 
sense the s tzess  his tory a crew would be expected t o  encounter during 
a complete 3.m~ mission. 
that it &crul.d. be unwise and that dangerously erroneous conclusions cou%.d 

The table en t i t l ed  

It is the opinion of the medical profession 
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DYNAMIC €"ORMANcE CEIARACTERIS!MCS 

"g" Onset 1 "g" Sustained 
1 

Deceleration 

Proposed 
facility 

Open loop 
centrifuges 

5g per second 5% 5g per second 
300g per seconc 
below 1/5 rps 

g per second 
maximum 

Angular 
motion devices 

9 - 2% 0.8g per seconc 
with payload 

--- 
I I I I 

Air Force 
Holloman Sled 

Navy 
Johnsville 
centrifuae 

g per second 

-log per Og for 60 seconds 5g per second 
og indefinite 

A.meS 
centrifuge 

g per second 16 6g per second 

Degrees of 
freedom 

5 

1 4 2  

3 

1 

3 

m e  response 
If gimbals 
closed loop) 

Flat to 3 cycles 
per second 

--- 

2 cycles 
per second 

--- 

1 cycle 
per second 

2 cycles 
per second 



ENVIROKMEPJTAL CAPABILITIES 

Pressure Temperature 

Yes Yes 

I C r e w  Number 
I I 

V5hra-t ion 
and noise 

Yes 
Proposed 
f a c i l i t y  

No Yes 

No No 

3 

No 

No 

Open loop 
c e n t r i m e s  

No 

1 

No 

Angular 
motion devices 

Navy 
Johnsville 
centrifuge 

1 

1 (2 proposed) 

e 
Y e s  I Yes (proposed) 

NO No 

Yes 

No 1 
I I 

Yes - Natural 

Long work 
cycle 

Yes 

Yes 

NO 

No 

Yes 

NO 

Interchange 
of cab 

Yes 

No 

No 

Yes 

~~ - 

No (Yes proposed 

NO (Yes proposed 
~~~~~ 



be reached i f  the a b i l i t y  of the crew t o  perform under any given 
s t ressful  conditions were not studied under conditions where the crew 
had experienced i n  a continuous manner the stress his tory preceding 
the s i tuat ion under study. For example, study of the lunar landing 
maneuvers nust be preceded by the stresses imposed by the midcourse 
phase; stud.y of lunar ac t iv i ty  must be preceded by not only the mid- 
course phase but by the lunar landing maneuver, including landing 
impact; end. the lunar launch study must be preceded by the stress 
situations outlined above. It i s  emphasized again that medical 
opinion d.oes not admit t o  the va l id i ty  of human capabili ty studies 
where t h e  stress his tory i s  incomplete or  discontinuous. Therefore, 
t o  assess ktuman control capabi l i t ies  accurately where the crew succes- 
sively cc)pe!s with precise a t t i tude  orientation, retrorocket f i r i ng ,  
landing jnrl,act, and take-off control, it is  considered mandatory t o  
experien.c:e such phenomena i n  the correct continuous t i m e  sequence. 

A discussion of the requirements i n  the table en t i t l ed  "Dynamic 
Perf o m n c e  Chasacteri s t i c s  , " follows : 

g onset: The proposed rate is based on the existing I t  I1  - 
capabili ty of the Saturn booster under abort 
conditions. 

g sustained: The choice here i s  rea l ly  how severe an I t  II - 
emergency atmosphere -entry maneuver the hunm 
p i l o t  w i l l  be allowed t o  consider a n d  prepare 
for .  Existing entry vehicle designs could 
develop up t o  340g fo r  limited t i m e s  f o r  
s t ra ight- in  en t r ies  i n  unmanned missions; such 
an entry i s  obviously impractical f o r  a manned 
vehicle. For the proposed research fac i l i t y ,  
therefore, it was decided t o  assume the piLot 
might be required t o  maneuver t o  the maximum 
human tolerance limit. 
was selected as a reasonable state-of -the-rut 
advance from the 36g already tolerated by t t  human 
p i l o t  i n  the water capsule on the Johnsvi1:Le 
centrifuge. 
emergency conditions would obviously require much 
less capability, but the research value of the 
proposed device would be seriously compromised i f  
i t s  capabili ty were based on these lesser require- 
ment s. 

The design value 01' 50g 

Any specific lunar mission i n  non- 

Deceleration: Two deceleration rate conditions must be con- 
sidered: that related to simulation of the re- 
entry or landing maneuver and which has a relatively 
low maxim value (543 per sec), and that rfslated 
t o  final touchduwn which is, i n  effect ,  an impact 
deceleration. 
first of these t o  the level required follaws 

The capabili ty of producing the 



di rec t ly  fram the a b i l i t y  t o  achieve the 
necessary "g" onset ra te  and thus requires 
no special  design considera;tion. The seconti, 
the a b i l i t y  t o  bring the capsule t o  an abru:pt 
stop from some appropriate approach velocity t o  
represent the lunar or ear th  landing impact, 
does require some special  design consideration. 
Although it is  possible t o  provide crew support 
fo r  impact rates of 18OOg per sec, it i s  pr3bable 
that vehicle design could not countenance r'ates 
of t h i s  order i f  vehicle re-use were requirsd. 
Therefore, a lower value of 3OOg per sec was 
chosen as the m a x i m  required. The maximin 
velocity from which t h i s  deceleration would 
start was  chosen as 60 f e e t  per second, considered 
an upper l i m i t  of ver t ica l  descent ra tes  fo r  space- 
craft, landing. Thus, a braking system i s  required 
which will bring the arm t o  a stop from a m a x i m u m  
of 12 r p m  i n  0.2 or  0.3 of a second. 
expected that  a straightforward mechanical braking 
system w i l l  provide the desired deceleration s t ress  
necessary fo r  research on the integration clf the 
p i l o t  res t ra in t  system with other f l i g h t  requlrc- 
ments . 

It i s  

Degrees of freedom: The degrees of freedom are significant 
i n  that they proportionally reduce the falEe o r  
missing motions introduced by an incomplete 
simulator. 
freedom Johnsville centrifuge and with analytical  
studies have stressed the imporl;ance of thJs  pro- 
blem. 
simply because we do not know how t o  build a 
complete six-degree-of -freedom device. 

Experience with the three -degree -of - 

Only f ive  degrees of freedom are  proposed 

13ynamic response of gimbals: A dynamic response tha t  :.s con- 
s tan t  t o  a frequency of three cycles per second 
has been chosen t o  match the short-period 
dynamics o f  proposed vehicles, and t o  posi-i;ion 
the p i l o t  properly with respect t o  the "g" vector. 

The i%ems i n  the table en t i t l ed  "Environmental Capabili t ies,  I' are 
discussa3 in  the following paragraphs: 

Crew number: This i t e m  obviously can be a compromise in  the 
engineering design study. However, a careeul re-  
view of three design studies fo r  a proposer3 manned 
lunar vehicle indicates suff ic ient  overlapping of 
crew stat ions and duties t o  warrant an intensive 



e f fo r t  t o  provide a device capable of operating 
a l l  three crew stat ions simultaneously. The real 
jus t i f ica t ions  f o r  a three-man cab are probably 
intangible psychological e f fec ts  and the need f o r  
emergency-control procedures; therefore, t b e  crew 
number should be reduced only i f '  a detailed study 
shows an inordinate cost. 

Pressure: Existing techniques f o r  emergency de-pressurization, 
such as pressure s u i t s  or cocoons, must be con- 
sidered an in tegra l  pa r t  of the control-station 
design problem and included i n  the simulation. 
The poss ib i l i ty  of exercising such equipment i s  
also a useful mental stress which helps conlpensate 
f o r  the lack o f  any real anxiety on the part  of 
the test subjects i n  a simulation device. 

Temperature: This is an important fatigue producing exivlron- 
mental stress and becomes increasingly so :i.n 
longer missions. 

'Vibration and noise: The same considerations as above apply 
and these stresses must be included i n  any study 
of the cumulative t o t a l  e f fec t  of a f l igh t .  

Long work cycle: When missions of the length of a lunnr flim, 
are considered, the simulator must incorporate a 
life-support system, and provisions must biz =de 
f o r  t e s t ing  actual flight hardware. 

Interchange of cab: Experience has shown that th i s  fezture 
w i l l  be required f o r  a reasonable rate of u t i l i -  
zation f o r a  f a c i l i t y  of this size and cost. 
Successive investigations on this type of simulator 
very often are directed toward different  specific 
vehicles and the downtime would become prohibitive 
i f  it were necessary t o  modify continuously one 
cab o r  shell mounted permanently on the simulator. 
The present proposal does not include the furnishing 
of additional cabs but does contemplate design so 
that interchangeability w i l l  be possible. 
decision on the need f o r  the character is t ics  of an 
additional cab, as w e l l  as procurement of such a 
cab, w i l l  be a par t  of the planning and fcinding 
of future major investigations undertaken with 
the proposed f a c i l i t y .  

The 



COST ESTIEYYl%: 
-L_ 

--- A. LAND II(:QuISITION ..................................... 
B. SI3cE IT&NELQPMEXC AND UTILITY INSTALIATIONS. .......... $35'1, OOO 

U t i l i t y  connections, parking lots, and roads $9O,OOO 
Electr ical  connections and dis t r ibut ion 

system ................................ 260, OOO 

C. FACILITY CONSTRUCTION AND MODIFICATIONS.............. 7,3413,000 

Centrifuge system ....................... 

Fluid. bearing ........................... 
Three -d.egree -of -f reedom drive. .......... 
Three -d.egree -of -freedom gimbal structure 
Capsule: structure with internal  controls 
Centrifuge controls. .................... 
Capsule external controls ( less 

Bui1.CLings. .............................. 

Vertical drive. . . . . . . . . . . . . . . . . , , . . . . . . .  
Programmed braking device............... 

navigation instrumentation). .......... 
Main centrifuge area and 

foundations ( 17,500 square feet 
a t  $22.00 per square 
foot) .................... .385,000 

(12,800 square feet a t  
$23.44 per square foot) .. .300,000 

Control room and support building 

2,880,000 
660,OOo 
220, OOO 
620,000 
400, OOO 
550,000 
450, Ooo 
440,000 

D. EQUIPIJIEIJT, INSTEXIMENTATION, AM) SUPPORT SYSTEMS.. .... 1,4:iO, OOO 

Nav5,3ation equipment, opt ical  instruments, 

Digi ta.1-analog computer conversion 
and simulated display equipment ....... 750,000 

egui:pment ............................. 7OO,OOo 

Preliminary desi gn...................... 250,000 
Final detailed design.. 400, OOO 

E. DESIGN AND ENGINEERING SERVfCES...................... 6!io,ooo 

................. -- 
Total estimated cost ............. m9.W -- 
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NATIONAL AE30NAUTICS AND SPACE ACMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

CONSTRUCTION OF FACILITIES - 1963 PROGRAM 

ATLANTIC MISSILE RANGE 

Page 
No.  

CF2-A2 :Lozation Plan 

Existing -- Area: 

CF2-A3 Modifications t o  Saturn launch complex No. 34.. . 
CF2-B1 ;!4odifications t o  Saturn launch complex No. 37.. . 
CF2-Cl Modifications t o  provide a launch complex 

f o r  sol id  suborbital vehicles ................. 
CF2-Dl 3u:pporting facil i t ies. . . . . . . . . . . . . . . . . . . . . . . . . . .  

CF2-El Adt3ition t o  assembly f a c i l i t y  f o r  unmanned 
spacecraft .................................... 

CF2-F1 Explosive safe assembly f a c i l i t i e s  fo r  
unmanned spacecra .............................. 

C F 2 - G l  .Apollo mission support faci l i t ies . . . . . . . . . . . . . . .  

C F 2 - H l  Xodifications t o  Titan I1 launch complex ........ 
CF2-I1 Uti l i ty  installations. . . . . . . . . . . . . . . . . . . . . . . . . . .  

New hei3: - 
CF2-Jl Advanced Saturn launch complex No. 39 ........... 
C F 2 - K l  Advanced Saturn-Nova supporting fac i l i t i es . . . . . .  

CF2-Ll Apollo s t a t i c  test  f a c i l i t y  ..................... 
CF2-Ml Nova launch complex ............................. 
C E - N l  Ut i l i ty  installations... . . . . . . . . . . . . . . . . . . . . . . . .  

Total..................... 

: L ,717,000 

: ~,000,000 

2 , 000,00~:, 

450,00(3 

22$510, ooo 

2,400,000 

800,000 
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ATLANTIC MISSIZE RANGE 

FISCAL YEAR 1963 ESTIMAmS 

ElODIFlCATIONS TO SATURN WIUNCH COMPLM NO. 34 

A.ddil;ions and modifications are  required t o  Saturn launch complex No. 
34 t o  accxmiodate operational C-1 Saturn vehicle design configurations. 
The project includes additional l iquid propellant blast; protection.; an 
extension of the service structure rail beams; modifications t o  a.ir 
condltionr-ng, ventilation, and vehicle environmental systems; extension 
of the high-pressure gas and transfer system f a c i l i t i e s ;  a l terat ions t o  
the service structure; and modifications t o  the unibilical tower t80 
incorporEii;e a escape system, as follows: 

JSx1;ension -- of the service structure rail beams: The 
:;eiM.ce structure ~ a i l  beams will be extended from 
600 feet t o  1200 feet from the launch area t o  park the 
s tmcture  a safe distance from potent ia l  combined blast 
effects of hydrogen and other propellants i n  event of 
tiei;onalian with larger  launch vehicles. 
id.b:L% alsa in@J_tlde vibrof lotat ion compaction t o  increase 
ear th  bearing vtiLues, and ins ta l la t ion  of concrete 

The project 

:;upport be- * 

(b) -- !;i(pid propellant systems blast protection: The 
ex:i s t ing Liquid oxygen storage sphere will be "Hardened" 
by the ins ta l la t ion  of a s t ruc tura l  tie-down ring on 
the sphere with steel cable t ies extending from this 
ring t o  concrete deadmen. 
.?or l iquid oxygen t ransfer  equipment w i l l  a lso be 
ex:?anded. 
be increased t o  provide an ins ta l la t ion  with concrete 
eootings for one additional storage sphere. 
Fo.r the liquid. hydrogen t ransfer  pumps and related equip- 
ment w i l l  be provided by construction of an earth berm 
ixg;%inst a concrete revetment. Increased u t i l i t y  servicet: 
vi-th the necessary underground cables and ducts w i l l  also 
'De provided a t  the l i q u i d  hydrogen storage and transfer 
t .e tc i l i  t y  . 

The protective emplacements 

The existing liqurld hydrogen emplacement w i l l  

Protection 

(c)  Ivloilifications t o  air conditioning, ventilation, and 
.- . s2 i c l e  environmental systems: Modifications t o  the 
systems will be required to accommodate the advanced 
2 - 1  vehicle configurations. 

CF 2 6 3  



( a>  High-pressure - gas systems and t ransfer  f a c i l i t i e s :  The 
existing high-pressure gas systems and t ransfer  
f 'acil i t ies w i l l  be augmented and the scope and 
capacities of the existing t ransfer  f a c i l i t i e s  WlU. be 
1 ncreased e 

(e) ModAfications -_I t o  service structure: The serr ice  
s8tmcture f o r  vehicle handling and erection w i l l  be 
nidlfied t o  a e c o m a t e  aretrious arehfcle configurations. 
EIo6Sfications & r $ U  provide new or relocated service 
p P ~ t t f o m ,  clemance changes between vehicle and 
EAmwtxwe, guying, and wind protection. 

(2) ~ l m ~ ~ i c e i ~ .  -- tower escape system: m e  structured. members 
of the umbilical tower will be modified and redesigned 
t o  incorporate a mechanized escape system t o  enable 
f;he astronaut to leave the spacecraft after the service 
c;tiwcture has been retracted from the space vehicle. 

Sketches Lnclicating the location of the proposed work are shown or the 
f ollowing tvo pages 

mTIFIaL!rIoN: --- 
The basic Saturn launch complex No. 3k includes d 1  necessary 

f a c i l i t i e s  f o r  handling, staring, seMcing ,  checking out, erecting, and 
launching early Saturn vehicles, as we11 as the required administrative 
and log i s t i ca l  f a c i l i t i e s ,  and the spec id  msewch laboratory fac i l i t f e s  
t o  suppoi-.t ~ a ~ i o u s  prs3eete included i n  the i n i t i a l  phase of the Saturn 
program. %'lie objeckfvee, of the Saturn project were originally limited to 
develop in,^ and launcivmg large clustered boosters with dummy uppel. stages 
t o  estab:Lfs23 feasibilstyo 
developed with min im guidelines, and construction of the complex was 
in i t ia ted .  
stages bt,=am a requirement, &ng i% necessary t o  provide capab:.lit,y 
f o r  upper-s tage p ~ o p e l h n t  l o m n g ,  control and servicing pneumat:l.cs, 
and dditfanal control and mnltor ing facilities f O r  upper stages 
work i s  :proceeding wTth fimds prodded i n  the fiscal yew 1962. 

Cri ter ia  $or a mfnLmum type f a c i l i t y  were 

A s  the program developed, the need %or semdcing live upper 

This 

The need f o r  larger vehicles and increased payload capabi1it:-es now 
requires B. further mdiffcatfon of the basic complexo The f i s c a l  yeas 
1962 pro,ject did no% take into account the, then undeveloped, criteria 
on the b l a s t  potent1a.l of Liquid hydrogen fuels 
produced new c r i t e r i a  which indicated that the f i s c a l  year 1962 project 
provided inadequate funds t o  m e t  the requirement f o r  safety representeed 
i n  this pro3ect by extension of service structure r a i l  beguns and pro- 
tection o f  the propellant system. 
necessitates modifications t o  the air-conditioning, ventilating, and 
environmental sy,ctemso 

A recent study 

The study a l s o  produced c r i t e r i a  which 

Modifications to the h%gh-pressu?x gas sygtem are 

CF 2-A4 



ATLANTIC MISSILE RANGE 
FISCAL YEAR 1963 ESTIMATES 

MODIFICATIONS TO LAUNCH COMPLEX NQ 34 
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connected with the enrironmental systems modifications and with the 
employment oi helium as a pressurization agent f o r  upper stages. 
modificationr; t o  the service structure w i l l  pro.crrfde f o r  hurricane 
protection t o  the vehicle a d  fo r  explosive measures i n  c r i t i c a l  areas 
of the s e ~ ~ v i c e  structure.  The requirement f o r  the umbilical tower escape 
system is dictated by saf'ety considerations. W i t h  the advent of larger, 
hi&er th:rdst vehLcle concepts, hunch facilities and support systems 
must unde:rgo continuous nodifica%ion to prov9de the required additional 
capabi l i t i l s  

Yhe 

COST ESTIMATE: --- 

B. :1;50,000 

C, FACILITY CONSIIIIUCTION AND MODIFICATIONS. . e .  D .  . . . . . o .  1,'185,000 

D. EQUI€"T, INS-TION, AND SUPPORT SYSTEMS. e e e e 1,555,000 

Protectfon of propellant systems a e . e . . e 185,000 
Modi.fl.cations t o  ventilation, air 

c:cmditioning, and e n v i r o m n t a l  systems e 370,000 
MoW.fj.cations t o  high pressure system .... o... 1,000,000 

Total. estimated c o s t . . . O I . . . . O . . O . . . . . O . O .  &:m&a 
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ATLANTIC MISSILE RANGE 

FISCAL YEAR 1963 ESTI3WES 

MODIFICM!IBNS TO SA!l!URN LAUNCH COMPLEX NO. 37 - 

DESCRIPTION : 

Additl.ons and modifications are required to the facilities within 
the dual pad Saturn launch complex No. 37. 
is shown on the next page. The project includes: 

A drawing of this camplctx 

H i g h  pre~isure gas system: 
are necessary to provide services to pad 37A. 
will be used for checkout, purge, and pressurization of the 
vehic1.e rind for the functional operation of the ground 
support equipment. 

Additional gas distribution lines 
This system 

UmbilicdL tower escape systems: The umbilical-'towers on both 
launch pads will be modified and redesigned to incorporate 
mechan:lzed escape (or rescue) systems to enable the astronaut 
to lewre the spacecraft after the service structure has been 
retracted from the space vehicle on either pad. 

Modif:ica-tions to service structure: The service structure 
for vehicle handling and erection w i l l  be modified to ac- 
COI1911Odiattt(3 various vehicle configurations. The modifications 
will :ii~c:Lude changes to the structure to provide new service 
platforms, the addition of elevators, and clearance changes. 

--- 

--- 

JUSTIF1CAT:CON : ..- 
The irtrprovements covered by this project are required for launching 

Advanced Saturn vehicle configurations. 
project we:re (originally limited to developing and launching large 
clustered Imosters with dumnzy upper stages to establish feasibility. 
Fiscal yea:r 1'362 funds provided dual pad capability for Saturn launch 
complex No. 3'7; all necessary facilities for handling, storing, servicing, 
checking out, erecting, and launching the early Saturn vehicles; the 
required administrative and logistic facilities; and special research 
laboratory facilities to support various projects included in the 
initial phiiise of the Saturn program. Criteria for a minimum type 
facility were developed with minimum guidelines, and construction, 
of the complex was initiated. As the program developed, the need 
for servicing live upper stages became a requirement, making it neces- 
s a r y  to provide capability for upper stage propellant loading, control 

The objectives of the Saturn 

CF 2-Bl. 



ATLANTIC MISSILE RANGE 
FISCAL YEAR IS63 ESTIMATES 

MODIFICATIONS TO SATURN LAUNCH COMPLEX 37 
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and servicing pneumatics, and additional control and monitoring 
f a c i l i t i e s  fo r  upper stages. With the advent of larger,  higher 
th rus t  vehScle concepts, launch f a c i l i t i e s  and support equipment 
must undergo continuous modification and redesign t o  provide the 
required. aitditional capabi l i t ies  . 
COST EST'1:MEITE : 

A. LAND AC~Q~SI~ION.... . . . . . . . . . . . . . . . . . . .~... . . . . . . .  --I 

--- 
.. 

B e  SIDE: DEVELOPMENT AND UTILITY INSTALLATIONS. . --" 
C. FACJ:J,ITY CONSTRUCTION AND MODIFICATIONS. ............ $184,000 

Mcdiiieations t o  service structure. . @84,000 

D. EQUIYMKNT, INSTRUMENTATION, AND SUPPORT SYSTEMS..... 828,, oo(r 

H i g h  pressure gas system.. ............ 276,000 
UnilK!Acal ttmer escape system, Pad A . .  
UnilKLical tower escape system, Pad B.. 

276,000 
276,000 

E. DESIGN p,ND ENGINEEBING SERVTCES. 4 e 138:,000 - 
Total Estimated Cost. .... $1,150,,000 - 
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ATLANTIC MISSILE RANGE 

FISCAL YEAR 1963 ESTIMCUlES 

MODIFICATIONS TO PROVIDE A LAUNCH 
COMPLEX FOR SOLID SUBORBI!I!& VEHICLES 

DESCRIFTION -- :: 
M o d i  f ieat  ions a re  required eo $he existing Redstone faci l i t ier ;  at 

The mo&i.fi- 
removing the presenk Redstone holding mecha- 

launch pad N3. 5 t o  provide a launch faciLbty f o r  so l id  suborbital 
rocket boosters t o  be used i n  Apollo development testing, 
cations w i l l  consist of: 
nism and instal l ing a new holding mechanism for  the  sol.id fueled 
booster; instal l ing new i n s t m e n t a t i o n  cabling f r o m  hunch pad No, 5 
t o  the existixlg blockhouse; modiffir@ the  existing service tower t o  in- 
s ta l l  a new white room which w i l l ,  be required at the  leve l  of the 'cap- 
sule tha t  w i l l  be on top of the booster ( t h i s  white room i s  required 
t o  provide a dust free, humidity control area where capsule checkoiit 
and &nor repair  can be accomplished); modifying the  present umbilical 
tower i f  xlossible, o r  I'abricating a new one; constructing a revetnent 
between t t e  modified pad KO. 5 and the exis%ing blockhouse; and relo- 
cating a present road and parking area. 

A sketch of the proposed f a c i l i t y  i s  shown on the following page. 

JUSTIFICA.'I'ION: --- 

The existing pad Do. 5 is  used fo r  the  Redstone ( d m u m  thrust 
of 78,000 pounds) program0 To u t i l i z e  t o  the  maximum feasible  extent 
existing f'acriIi-kies i n  t h i s  area9 it; is  proposed t o  modify launch pad 
No. 5 t o  handle the greater thrust  of a solid fueled booster (maximum 
thrust  of' 25i0,OOO pounds using seven engines). 
requires %hat the holding mechanism f o r  the Redstone be removed and a 
new holding mechanism be installed.  
requires safety precautions and safety distances for the  supporting 
f ac i l i t i e s ;  t h i s  condition requires $hat a revetment be constructed t o  
protect tihe existing blockhouse, and tha t  a road and parking area be 
relocated, 

This greater thrust 

The f u e l  t o  be used by the  bcloster 

The conduct of Project ApoUo requires the flight qualification 
of spacec:raft modules and systems pr ior  t o  the  first manned flighto. 
W y  of 1;liese items can be partdally or completely qualified with 
suborbitrL.1 :€lights with re la t ive ly  inexpensive launch vehicles 
proposed' boosters w i l l  be c lusters  of available so l id  f u e l  rocket 
engines I(;%S many as 7) mounted i n  a f i n  s tabi l ized airframe, 
boosters vi.ll  be used t o  qualify the  following components: 

The 

Therie 
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FISCAl YEAR 1963 ESTIMATES 

MODIFICATIONS TO PROVIDE A LAUNCH COMPLEX 
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(a) Ccmnand service module: 

Launch escape system 
EarCh landing system 
Structural  system (partial qualification) 
Service propulsion system (partial qualification) 
St ab ili zat ion 

(b) Lcnar landing module (pa r t i a l  qualification): 

Structural  system 
Propulsion system 
stabi l izat ion system 

(c )  Lunar landing propulsion module: 

Structural  system 
Propulsion systems 
Stabil ization systems 

COST ESTIPWE: --- 

Bo SITE CEVELOP~~ AND UTILITY INSTALLATIONS. e e . 
Si t e  p r e ~ ~ t i o n . o o . o e e o ~ o ~ ~ . o ~ ~ ~ e o o o ~ ~ ~ ~ ~ . ~ ~  $30,000 

U t i l i t y  connections, ......................... 141,000 

$226,000 

Roads and parking areas...................... 55,000 

water. ............................. $42,000 
S~w~ge.B0.00000.40............,.... 17,000 
Electrical .  e e .  e e o  o .  e O . O . .  82,000 

C. FACILITY CONSTRUCTION AND MODIF'ICATIOIYSo o e o o e 0 0 0 e 1352,000 

Modifications t o  launch pad No. 5 a e e e 495,000 
Pad :mdif ications and 

holding mechanism. e e e e . . o . .  465,000 
Umbilical tower. e e e e e 30,000 

Eatension and modification 
Df b o o m . 8 . 0 0 . D . . . B o e . e . o . ~ ~ ~ ~ e . ~ .  40,000 

Outriggers; and tower, e o  . . . e 100,000 
Dust and humidity control, e . . q O , O O O  
AdWtion t o  work phtfom.......... 40,000 

Bloc.khouse rev~tmento..4me.000..,.....,...... 

Service structure modif  ica-tions e e e . a e 350, 000 

7,060 
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BooE8ter a i r  conditioning system. ............. $120, 000 

Comnm.ication ~ystem.........o.......~~.o~~~o 9,000 
Fire ~ r o t e c t i o n  s y s ~ e m . . . . . . . . . . . . . o ~ ~ . . ~ . e . e  l5O,OOO 

Telernetering and c o m d  

Capsule and monitoring 
mcsitoring instI .LZmentat ion. .o~. . . .~ .oo.~~~.  50,000 

cable s y s t e m s O . . O O . . O . . . . O e ~ . ~ o ~ ~ . o ~ . . . O O . O .  100,000 

Total  e s t imted  cost.......... 
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ATULNTIC MfSSILE RANGE 

FISCAL YEAR 1963 ESlSU4TEB 

SUPPOmING FACILfTIES - MISTING A R U  

This p:ro,Ject requests f'unds f o r  the construction of four support 
f a c i l i t i e s  i n  the NASA indus t r ia l  area at  the Atlantic Mss i l e  Range. 
Thrce engheering and laboratory type facilities and a consolidateit supply 
and stora@s 'building, &re required i n  support of all NASA programs, A 
sketch of the f a c i l i t i e s  i s  shown on the next page. The scape of the 
project i ts  ae follows: 

(a) Launch operations fac i l i ty :  An air conditioned 
five-story engineering and laboratory building 52 
feet wide by 173 feet long w i l l  be constructed w i t h  
a t o t a l  gross area of 45,000 square feet. Building 
construction will be reinforced concrete with 
masonry w a l l s .  
engineering and Laboratory space for NASA scient i f ic ,  
technical, prodect engineering, and coordination 
personnel required to support NASA launch operations 
at the range. 

It w i l l  provide urgently required 

(b) Addition t o  engineering ope rations building: A two- 
story addition of 15,300 square feet gross area w i l l  
be constructed on the north end of the existing 
engineering operations building t o  proede engineer- 
ing office space for 140 technical personnel. 
addition will be air conditioned and will conform 
w i t h  the architecture of the existing f ac i l i t y .  

The 

(c) Cent& supply fac i l i t c  This f a c i l i t y  will be a 
par t i a l ly  air conditioned central  supply building 
approximately 136 feet wide by 250 feet long with a 
gross area. of 33,600 square feet. The bd ld ing  will 
be constructed of prefabricated sections on concrete 
foundations and a concrete f loor  slab. It w i l l  
permit NASA operations t o  consolidate their presently 
widely sepcmhd general supply ac t iv i t i e s  and to 
provide s more ef f ic ien t  supply and storage function 
f o r  such items as electronic equipmnt, and booster, 
upper-storge, and spacecraft spare p a r t s  and 
assemblies 
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((1) Engineering and laboratory annex: This f a c i l i t y  
w i l l .  be an air conditioned building of two-story 
construction, adjoining and connecting the exist- 
ing engineering and laboratory building and the 
existing NASA supply building. The annex will be 
constructed of reinforced concrete frame with 
masonry curtain walls and glass block inser t s  i n  
conformance with the existing architecture of the 
engineering and laboratory building. 
provide 13,760 square feet  gross area. The annex 
w i l l  be used f o r  the preparation, coordination, 
and reproduction of technical information, 
including documentation, publications, reports, 
technical exhibits, and presentations. 

It w i l l  

JUSTIFICATZE-: 

NASA's exganding a c t i v i t i e s  a t  the Atlantic Nissile Range require 
additional support f a c i l i t i e s  i n  the existing indus t r ia l  area. 
influx of personnel, supplies, and materials i n  
will require adequate space f o r  the pursuit of t h i s  project. 

The large 
support of the program 

Existing NASA f a c i l i t i e s  of the engineering, laboratory, supply, and 
storage, t,ype, are occupied t o  the saturation point. 
able faciU.ti.es t o  accommodate any pa r t  of the planned increases i c  NASA 
or  contracrbor personnel, or t o  handle the increased volume of supplies 
and matesi.trls that w i l l  be required t o  support NASA programs. 
construction of these support f a c i l i t i e s  i s  an urgent requirement. 

There are no avai l -  

Timely 

S i t e  preparation, grading, and f i l l i n g .  .... $171,000 

Uti:Lity connections........................ 213,000 
Road3 and parking areas........ ............ 73,000 

C, FACILC'IT CONSTRUCTION AND ~D~CArllONS................. 1,877,000 

Launch operations f a c i l i t y .  .(45,000 

AdUtion t o  engineering operations 
building. . (15,300 square feet at  
$1-9 per  square foot)  ..................... 

Central supply f ac i l i t y . .  (33,600 

square feet at $23 per square foot) ...... 1,035,000 
291,000 

303,000 square f e e t  at  $9 per square foot) ....... 



Engineering and laboratory annex 
(13,760 square f e e t  at $18 per 
squ.are foot) ............................ $248,000 

Equiximent ................................. 202,000 
Furniture... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  122,000 

De EQUIPMEVI', INSTKUMENTATION, AND SUPPORT SYSTEMS. - . . $324,000 

E. IZSIGN' AND ENGINEERING SERVICES ......................... -, 3 42,000 

Total estimated cost........,......... u o o  ,000 



ATLANTIC MISSILE W G E  

.f4IJDTTGON .- TO ASSENBLY FACILITY FOR UNMANNED SPACECRAliT 

This project discusses the  need f o r  the construction of an a i r -  
conditioned addition t o  the first section of the spacecraft assemoly 
building. 
tory area  and a new two-story engineering and laboratory building w i t h  
an attached high-bay checkouk and assembly mea a t  the rear. A sketch 
of the ad.dition i s  shown on the following page. 

The addition w i l l  consist of a second floor t o  the labora- 

The en@;ineerlng and 7Rlboratory portions of the addition (26,960 
square feet  ) will be constructed of reinforced concrete with masonry 
curtain walls. The high bay area (18,225 square feet) w i l l  be of s t ee l  
frame cclrtstmction, with rnasonrqy and asbestos siding for the curtain 
walls. 
feet, will be provided i n  the  high bay area f o r  the ha,ndling of space- 
craf't . 

'I?wc) b5-ton bridge cranes, each having a hook height of 4: 

Addj.l;iona,l laboratory assembly a d  checkout f a c i l i t i e s  are required 
fo r  the rtdvaxtced and timely preparation, s te r i l i za t ion ,  evaluaticin, and 
perfomrim? of spacecraft; and flight components under closely coxitrolled 
enviromitxt1;s of temperature, humidity, presswee, fungus and sporc!-free 
ambient 8;  , and radiation to simulate expected actual  P1igh.t; condiidons. 
Larger futilre spacecraft configurations will also be accommodated i n  
th i s  addition. 

The ixis t ing spacecraft, preparation faci l i t ies  arc inadequate i n  
both scqpe and size t o  meet; the  1964 calendar year f l i g h t  schedu.Les. 
The inadequacy of the existing spacecraft f a c i l i t i e s  is iurther cmphasizcd 
by the acmcurrent requirements of the Agem-B and CenLni r-based .'light 
programs, including earth orbiter,  lunar soft landing, and Vciics and 
Mars fl ,y-by missions, Provision must be made f o r  the sirnultaneois pre- 
paration of as many as four space vehicles w i t h  the additional p x s i b l e  
reguirenent of providing back-up vehicles. 
schedules plus over-lapping launching schedules f o r  lunw and phne ta ry  
missions, create the requirement for additional payload preparation and 
checkout f a c i l i t i e s .  

Longer preparation time 
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COST EST:OU!rE : 

- - .. A. LAND I11=Q1J~ITION .......................................... 
B. SITE 1 ; ) : N E L O m  AND UTILITY I N S W T I O N . .  ............... 

Parking areas.............................. 18,400 

C. FACIL:CFY CONSTRUCTION AND MODLFIClTIONS................... 

$174,800 

Sil;l? preparation.. ......................... $55,200 

Ut:Llity connections........................ 101,200 

:I-, 408,80(:l 

Building (45,185 square feet a t  
$3.1.18 per square foot). ................ 1,408,800 

D. EQUIRdWI', INSTRUMENTATION, AM> SUPPORT SYSTEMS. 183,700 

Br:t ige cranes (2) 130,000 .......................... 
l?ar,niture .................................. 25 , 000 
Spaciisl equipment .......................... 28,700 

E. DESIGN AND ENGINEERING SERVICES.... . . . . . . . . . . . . . . . . . . . . . . .  - 232,700 I 

Total estimated cost............ $2,000,000 - .- 
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DESCRIPllIOlR : 

This project requests funds f o r  the construction of explosive mf'e 
f a c i l i t i e s  for  the final assembly, dynamic and s t a t i c  bdancing, and 
s te r i l i za t ion  of unmanned spacecraft. The project includes: 

Final --- assembly and s te r i l i za t ion  laboratory: A 
Lsboratory of approximatley 2,400 square f e e t  of 
gross f loor  area is required. The structure w i : L 1  
be of reinforced concrete and revetted as required 
t 3  proede  blast protection. The building e11 be 
dust-free, air condftfoned, and equipped with the 
nlecessary spacecraft handling equipment t o  prepare 
%he spacecraft f o r  f l ight.  

-- CaEule laboratoq:  
f e e t  o f  air-conditioned and dust-free space is  needed 
f o r  the assembly, e%eckou%, and dynamic balancing of 
the SnstPwnentatfsn capsule and the so l id  propellant 
retromotors. 
reinforced concrete and revetted as r e q a r e d  t o  afford 
proper blast protectione The project a lso  includes 
handling, checkout, dynamic t e s t ,  and s te r i l i za t ion  
equipment 

Approximately 1,200 square 

The building &rfllbe constructed of 

--- Stordble liquid propellant motor laboratory: 
structure will provide approximately 600 sqyare f e e t  of 
sFace f o r  the checkout, loading, and pressur3zfng of the 
storable spacecraft l iquid propellant motors The 
bullding w 3 l l  be of reinforced concrete design and 
revetted as required t o  afford blast protection. 
area. w i l l  be equipped with the necessary t e s t  and fueling 
equipment, and will. prodde f o r  the protection of 
personnel against toxic propellantse 

This 

The 

-- Iristmmentation laboratory: 
1 ,aO square fee% of space will provide the necessary 
fE,cility t o  house electronic instrumentation racks, 
ccmoles, and engineering personnel. 
be constructed of reinforced concrete or  masonry and 

This laboratory containing 

The b a l d i n g  w i l l  

CF 2-Fl 



ATLANTIC MISSiLE RANGE 

FISCAL YEAR 1963 ESTIMATES 

EXPLOSIVE SAFE ASSEMBLY FACILITIES FOR UNMANNED SPACECRAFT 



revetted t o  afford blast  protection. It will be 
se]?arated from the other laboratories t o  provide 
mxcimnm protection of personnel during tes t  phases, 
and -to provide protection i n  case of an explosion. 
Tlie building w i l l  be a i r  conditioned. 

This :pro,ject also includes the s i te  preparation, u t i l i t y  connections, 
roads, and parking areas t o  provide a complete and operable f a c i l i t y .  
drawing indicating the location of the various laboratories is shown on 
the preceding page. 

A 

JUST'I7 ICATION --. : 

laboratory space t o  handle and checkout spacecraft u t i l i z ing  sol id  and 
storable l iquid propellant motors. With the advent of Ranger, Mariner, 
Surveyor, Voyager, and other large spacecraf't programs, it i s  essential 
tha t  addit,j.onal explosive safe assernbly f a c i l i t i e s  be provided. "he 
existing f 'trc'lities do not have the laboratory space or  the height capa- 
b i l i t y  t o  r e e e t  the requirements f o r  handling or  checking out large space- 
c ra f t .  

The f e c i l i t i e s  that comprise t h i s  project are required t o  provide the 

--- A.  LAND IL~BJISITION.... ...................................... 
B. SITE 'CEVEWPMENT ANI! U T I L I T Y  1NSTAT;LATIONS.. .............. $:L5O,OOO 

S i t e  preparation ............................... $80,000 
Roads and parkjrng areas........................ 18,500 
Ut i l i t y  connections.........................-.. 51,500 

C. FACI1J.TY C(illSTRUCT&ON AND MODIFICA!KONS. .................. ~96,000 

Building. .( 5,800 square feet a t  $33.80 per 
E,t~U€lre  foot) .  ................................ 196,000 

D. EQUIIMEXT, INSTrmMENTATfON, AND SUPPORT SYSTEMS.. ......... 50,000 

Bridge crane................................... 35,000 
fily~i-ture.. .................................... l5,OOO 

E. DESIGN ENGINEERING SERVICES..... ...................... 54,000 

Total estimated cost.................... $450,000 

CF 2-~3.  



ATLANTIC MISSILE RANGE 

FISCAL YEAR 1963 ESTIMATES 

A P O L K )  MISSION SUPPORT FACIUTIES 

Sew:raL technical f a c i l i t i e s  are required f o r  the pref l ight  operational. 
phase of the Manned Lunar Program. 
NASA 1ndiist:rial area at the Atlantic Missile Range. 
the follawi!ng f a c i l i t i e s :  

The f a c i l i t i e s  w i l l  be located i n  the 
The project includes 

Spacecraft operations and checkout fac i l i ty :  
f a c i l i t y  i s  required f o r  the modification, assenibly, 
checkout, and pref l ight  tes t ing  of manned spacecraft 
and their mechanical and e l ec t r i ca l  components and 
systems. A three story masonry and s t e e l  air 
conditioned engineering and laboratory building 
w i l l  be constructed. It will provide a high-bay 
assembly and t e s t  area and a low-bay fabrication 
and assenibly area. 

A 

The high-bay area wi l l  be used f o r  assembly and 
t e s t  and w i l l  adjoin a l l  f loors  of the engineering 
and laboratory areas. 
chambers and two test pits. 
100 f e e t  w i l l  be proaTfded. 
assembly area wi l l  be located a t  the end of the high- 
bay area and w i l l  provide a t o t a l  of 30,000 square 
feet of assenibly area with crane hook heights of 35 
f ee t .  

It will contain two a l t i tude  
A crane hook height of 

The fabrication and 

Laboratories to ta l l ing  approximately 30,000 square 
f e e t  w i l l  provide f a c i l i t i e s  fo r  tes t ing  mechanical, 
e lec t r ica l ,  navigation, guidance, calibration, 
analysis, and environmental equipment Data record - 
ing, processing, review, and quick-look analysis 
f a c i l i t i e s  w i l l  a lso be provided. 
4,400 square f e e t  i n  the basement will provide shop 
ser r ice  at a central  point f o r  the ent i re  area. It 
w i l l  be suitable f o r  the modification and refurbisb- 
ing of spacecraft and wi l l  contain a machine shop, 
welding shop, sheet metal and p las t ics  shop, 
e l ec t r i ca l  shop, and bat tery shop. 

A shop area of 

A biomedical f a c i l i t y  of approximately 11,000 square 
f e e t  i s  included f o r  crew pref l ight  operations 



peculiar t o  manned spacecraft functions, and beyond 
the normal hospital  and medical support t o  be 
provided by the range. 
simulation and t ra ining equipment, medical f a c i l i t i e s ,  
sleeping quarters, and food preparation and dining 
f a c i l i t i e s .  
briefing, examination, and sui t ing areas. 

Technical f a c i l i t i e s  include 

Also  included wi.11 be necessary 

The main building includes off ice  space of 75,000 
square feet t o  provide engineering and Ilboratory 
space fo r  approximately 1,000 personnel. 
building includes confkrence rooms, a l i b rwy ,  an 
auditorium and a cafeteria.  

The 

(b) Reaction control systems f ac i l i t y :  A one s t o r y  
permanent type internal ly  blast res i s tan t  laboratory 
type building of 4,000 square f e e t  gross area ~511 
be constructed f o r  tes t ing  f u l l  s ize  space capsules. 
The f a c i l i t y  w f l l  contain a t e s t  c e l l  which w i l l  house 
reaction control system servicing equipment and the 
t e s t  equipment which i s  required i n  close proximity 
t o  the space vehicle. 
a control room, equipment storage room, personnel 
locker room, a special  room f o r  cleaning and storing, 
par ts  removed from the spacecraft during process of 
testing, and external fue l  handling and storage 
provisions. 

The f a c i l i t y  w i l l  also include 

(c )  Environmental t e s t  and s e m c e  f ac i l i t y :  The 
project includes a one s tory  permanent type 
building of 4,000 square f e e t  gross area t o  
provide f a c i l i t i e s  f o r  checking and tes t ing 
components and environmental systems ins ta l led  i n  
space capsules. The building will contain a test 
c e l l  and control room, and areas f o r  component 
storage, test equipment storage, work shops, 
locker rooms, cleaning and storage of capsule parts,, 
and storage of high pressure gases. 

Supply, shipping, and rece ivhg  f ac i l i t y :  It is 
proposed t o  construct a one story prefabricated 
p a r t i a l l y  air conditioned building of 40,000 square 
f e e t  gross area at  a central  location. 
will provide f a c i l i t i e s  f o r  shipping, receiving, 
storing and issuing materials and parts for  space- 
c raf t .  
fo r  the maintenance of ground support equipment and 
f o r  modifications of thls type of equipment t o  m e t  
special  requirements peculiar t o  each individual 

The buildini3 

It w i l l  also provfde shop type f a c i l i t i e s  

f l i g h t  0 



( e )  Pyrotechnic test, and weights and balance fac i l i ty :  
An explosive safe assembly f a c i l i t y  will be con- 
structed i n  the form of a one story blast protected 
and revetted masonry building of 18,000 square f e e t  
gross area. 
of pyrotechnic components and fo r  determining the 
weight and the center of gravity of the spacecraft 
with assembled pyrotechnic items. 
w i l l  allow the ver t ica l  positioning of the spacecraft 

The f a c i l i t y  wi l l  be used f o r  the build-up 

The building height 

1: :f ) Ordnance storage fac i l i t y :  
required f o r  the safe storage of rocket motors and 
pyrotechnics. 
rocket motors f o r  suborbital vehicles. 
will be constructed of reinforced concrete o r  con- 
crete block, 
surrounded on all four sides by a blast deflecting 
w a l l  of earth.  An overhead crane w i l l  provide for 
the movement of the large so l id  rocket motors. 

A storage magazine i s  

The f a c i l i t y  w5l lbe  used t o  store 
The building 

w i t h  a blow-off panel roof, and will be 

Sketches c 9  the f a c i l i t i e s  proposed f o r  construction i n  t h i s  project are 
shown on the following s ix  pages. 

JUSTIFICA?'IClN : 

t o  conduct, t e s t s  of crews, performance and operational concepts, r e l i a -  
b i l i t y ,  and readiness. 
t ra ining c f  the crews and evaluation of the spacecraft i n  a coordinated 
program. 
technicd. operations as discussed i n  detail  on the proJect description, 
The propor;ed rate of launch, and the size, weight, configuration, and 
comp1exit;y of the proposed spacecraft and the i r  associated payloads, have 
dictated ';he size of the f a c i l i t i e s  being requested. 
f a c i l i t i e s  i n  existence which can be u t i l i zed  f o r  spacecraft of the weight 
and size 1101~ planned. The proposed f a c i l i t i e s  are essent ia l  t o  insure re- 
PLability o:P the many elements which make up the en t i re  flight vehicle. 

The f a c i l i t i e s  proposed f o r  construction i n  this  project are  required 

The nature of the program w i l l  require extensive 

The f a c i l i t i e s  will be designed t o  accomplish a ser ies  c 9  highly 

There are  nc, 

COST ESIIr.U.U!IIE: 

A. ljwD .~CI~~SITION......................~.~..~.~~~.~...... 

----- 
--- 

B. SITE DEVEZIOPMENT AND UTIUTY 1.NSTAIJCIATIONS. ............. $4,010,000 

Clearingo.. ............................... 
Excavation........................ ........ 
Fi l l ing  ................................... 
Roads ..................................... 
Parking areas.....s..................O.... 
Fercing. .................................. 

$150,000 
100,000 

1,250,000 
370 9 000 
80,000 
50,000 
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APOLLO MISSION SUPPORT FACILITIES 
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APOLLO MISSION SUPPORT FACILITIES 
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C. 

D. 

$146,500 
123,500 
450,000 
225,000 
725 , OOo 
75,000 

200,000 
65,000 

FAC1IS:TY CONSTRum%ON AND MODl2?KATIONS. e .  e * .  .. . . . . . . . $10,645,000 

Spacecraft operations and checkout f a c i l i t y  

Reactjon control systems f a c i l i t y .  e (4,000 

Envjrcmental  tes t  a d  se r r t ce  f a c i l i t y . .  

('L!25,000 square feet at $38.00 per 
sc~m.re foot)  ,, e e * .  . . e -.. * .  +. . . *  8,550,000 

sque3se feet a% $56.00 per square foot ) .  . . 225,000 

(4.,CoO square feet ,  at $56 .00 per 
square: foot) e e o  D o  e e * .  * .  . . . . . 225,000 

p40,000 square feet a t  $12,00 per 
sguam foot) 480,000 

Pyrcltechnio test, and weights and balance 
f a c i l i t y .  .(18,000 square feet at $56.00 

Ordnance storage f a c i l i t y .  (5,100 square 
feet at $30.00 per square foot  plus 
$4,000 for blast, revetment) . e * .  * .  * .  . . . 157,000 

251.1 p l y g  shipping, eenu recalving f a c i l i t y . .  

o. e e * .  * .  . b . . . * .  . . . 

per S ~ U E W ~  foot)  * . .  a a e * .  . . * .  . . . 1,008,000 

EQUIPMENT, INSTRIR@NTATION, araD SUFTORT SYS'I?EMS. . . . . . . . . 5,1355 000 



EnxLronmental test and servfce f a c i l i t y  ... 
Slwp equipment ................ 75. OOO 
hI3o:ratory equipment .......... $100. OOO 

Supj?:Ly., shipping. and receiving f a c i l i t y  . . 
Crime ......................... loo, 000 
Shop equipment ................ 67. OOO 

Pyrotechnic tes t .  and weights and balance 
fttr:i:l.ity. ............................... 

1;aboratory equipment ........ 250. OOO 
Shop equipment .............. 20. 000 

Crane ....................... 125. OOO 

Seirvlce platform ...... 1 " "  I . 200. 000 

Ordnance storage f a c i l i t y  ................. 
CIYW ......................... 125. 000 

$175 9 OOo 

167. 000 

595. 000 

125. OOo 

E . DESIGN AND ENGINEERING SERVICES ......................... $2.000. 000 

Total estimated cost ............... $22dlO. 000 



ATLANTIC MISSILE RANGE 

FISCAL YEAR 1963 ESTIMATES 

MODIFICATIONS TO TITAN I1 LAUNCH COWLEX 

DESCRIPTIClN : "- 
This project covers the conversion of an existing Titan I lauinch 

complex t c  a T i t a n  I1 launch complex. 
launching of Titan I1 vehicles w i t h  Gemini spacecraft as payloads. 
proposed nodifications, shown i n  the sketches hn  the fblliowing two pages,are 
discussed i n  greater detail as follows: 

(a)  

The complex w i l l  be used i n  the 
The 

An extension of the erector tower structure i s  required 
t o  accommodate the modified Titan I1 launch vehicle which 
i s  longer than the Titan I launch vehicle. 

Relocation and the addition of work platforms on the erector 
tawer w i l l  be required because of the difference i n  lenglihs 
of the Titan I1 and the Titan I launch vehicles. Work 
platforms w i l l  have t o  be added t o  provide access t o  the 
Gemini spacecraft. 

(b)  

(e)  A higher  capacity j i b  hoist  w i l l  be required *to facil i ta 'ze 
the hoisting of the Gemini spacecraft into launch position. 

(d) A "white Poom" work area w i l l  be required at  the level of 
the spacecraft. 
dust free, humidity controlled area where Spacecraft 
checkout and minor repairs can be accomplished. 

The capacity of the hydraulic actuator system which raiscs 
and lowers the erector tower must be increased t o  accommo- 
date the greater w e i g h t  and result ing moment of the modified 
erector tower. 

This work area is  required t o  provide a 

(e) 

( f )  .An additional umbilical boom w i l l  have t o  be added t o  thtt 
existing umbilical tower. 
the Gemini spacecraft umbilical cable . This boom is required t o  support 

(g) 'l%e propellant handling and storage systems w i l l  require 
extensive modification and replacement due t o  the change 
:tram cryogenic propellants i n  the Titan I t o  hypergolic 
:propellants i n  the Titan 11. This work w i l l  include 
:rework of the flume and skimming basin systems, 
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MODIFICATIONS TO TITAN I1 LAUNCH COMPLEX 

PERSPECTIVE 
d L D I N G  AREA FACILITP 

PERSPECTIVE 
VAPCER BURNER FACILITY 

( 2 - w )  

P R O F " T  HANDLING AND STORAGE FACILITIES 



(h') :?roviaian far ths increased bulk storage of propellantti 
vi11 be required as EI, result of the increased u s w e  of 
nitrogen te t rox ide an3 zrozene 



D. EQUIYMCNT, INSTRWNTATION,  AND SUPPORT S Y S T E M S e o o o o o e e  -*- 

$213 ooo E o  DESI(3N AND ENGINEERING S E R ~ C E S o e e o a o o r o o o s e a o o o ~ o o o e o o  - 
Total estimated cost. O . O  1-P $2 400 000 - 
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UI'ILITY INSTALLATIONS - MISTING AREA 

Th%s pr2Jcsct provides f o r  the construction and modifications required 
t o  extend the primary u t i l i t y  and road systems t o  service the new NASA 
f a c i l i t i e s  that are t o  be constructed i n  the existing indus$risJ. area at 
the Atlantic :Missile Range i n  the f i s c a l  ;year 1963 progranla A 1ocaI;ion 
plan of' Some of the proposed improvements is shown on the next w ,  
scope of t'he work includes: 

The 

(a,) ComPrmnications: The underground duct systsms and 
telephone cabling will be extended from existing 
f a c i l i t i e s  in to  the expanded industr ia l  area. 
Construction will consist of approximaterly 5,000 
l inear  feet of concrete encased underground ducts 
w i t h  the neceseary manholes. 

(1 ) )  Electr ical  distribution: A new double c i r cu i t  13.2 
KV feeder c i rcu i t  will be instaJ.led from the new 69 
W subatation t o  the new NASA f a c i l i t i e s  i n  the 
industr ia l  area. 
approximately 6 @les  of double-circuit pole l i ne  
and approximxkly 5,000 feet of underground cabling 
in concrete encased ducts. 
breakrs will be provlded at the 69 KV primary sub- 
station. 

Construction w i l l  consist of 

Two 13.2 KV c i r cu i t  

(c)  Water: - 
extended t o  the new f a c i l i t i e s .  
consist of approximtely 2,200 l inear  f ee t  of water 
W n s  . 

The existing potable water system will be 
Construction w i l l  

(d) - Stem: Steam mains will be instal led from the 
existing steam gleslcs t o  the new f a c i l i t i e s .  
boi ler  capacity w i l l  be increased by a nmn.rl addition 
t o  the existing plant. The structure will be a con- 
crate block buildine(20 by 20 feet).cJ.rth reinforced 
concrete foundation and floor slab. The roof will be 
of the build-up type on roof panels and bar j o i s t s .  

The 

( e )  Sew e: The project includes approximately 2,200 & f e e t  of piewage l i ne  extensions a d  ata addition 
t o  the sewage plant. 



ATLANTIC MISSILE RANGE 

\\ FISCAL YEAR 1963 ESTIMATES 

SEWAGE LIFT 

N- '\"TIL):: INSTALLAT!ONS EXISTING AREA 

TELEPHONE EXCHANGE BUILD1 

ATER STORAGE 

69 K V  SUBSTATIO 

SEWAGE TREATMENT PLAN 
ENTRAL HEATING PLANT 2 

SCALE -FEET 

- 

TANKS 



(3';i - Roads: Approximately 3,000 l inear  feet of 22 
feet  wide secondary access roads w i l l  be added 
to serve the new f a c i l i t i e s  proposed f o r  the 
findustrial area. 

The prqposed modifications and expansions t o  the existing u t i l i t y  
systems a r t ?  required t o  support the new f a c i l i t i e s  to be constructed i n  
the indust:rial area. 
i n  some instances the systems are operating beyond t h e i r  designed capacity. 
The system,s must be extended t o  meet the planned f a c i l i t i e s  growth. 

The capabi l i t ies  of the present systems are 1fi.mited; 

Extersion of underground ducts and 
tel.ephone cabling. ........................ $93,000 

Extensl.on of e l ec t r i ca l  l i n e s  and sub- 
s ta t ion instal la t ion. .  .................... 258,000 

Extensi.on of water mains. ................... 43,000 
Extension of steam mains including 

aactition t o  exis t ing plant ................ 189,000 
Extension of sewer mains including 

adtliliion t o  sewage plant..  ................ 39,000 
Extc!ns:ion of roads.. ........................ 78,000 

-c- C. FACIECfrY CONSTRUCTION AND MODIFI~~ONS................. 
--- D. Ewmmrr, INSTRUMENTATION, AND s u p p o ~ i ~  SYSTEMS.. .. I t . o . .  

Total estimated cost.. . . . . . . . . . . .  -3 $~o,ooo 
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ADVANCED LAUNCH COMPLEX NO. 39 

Initial funding is  requested f o r  the construction of f a c i l i t i e s  f o r  
the Advanced Saturn Launch Complex No. 39. 
project, covering approximately for ty  percent of the cost of the t o t a l  
complex, i.ncJ,udes the design and construction of a vertical assembly and 
checkout building; one launch pad with the associated propellant system; 
the rail 1;ixuisfer system from the ver t ica l  assembly building t o  the one 
launch pact; the launcher-transporters; and site preparation, roads, 
and utilil;? connections. 
and c0ntro.L equipment, deflectors, f i r i n g  accessories, j.nstrumntation, 
and ground support equipment; 
tmr . 

The scope of work i n  t h i s  

It, also includes the procurement of checkout 

and the design of the ordnance armir.g 

The finc:ilities f o r  the complex are  based on the concept of t r t m s -  
porting the Advanced Saturn vehicle from the assembly area t o  the :.aunch 
pad by a nsj.1 t ransfer  system. 
presently under intensive engineering r e v i e w  and analysis, the resul ts  of 
which cou'Li cause changes i n  any or all of the specific items being 
proposed :For construction i n  this  writeup. 
of three imjor operating areas as follows: 

The concept as described herein i s  

The t o t a l  complex will consist 

(a) ,C\!Aembly and checkout area: The ve r t i ca l  assembly build- 
ing w i l l  contain the necessary assembly and checkout 
f a c i l i t i e s ,  along with supporting shops and engineering 
areas. The high-bay area will be approximately 665 f e e t  
long by 454 f e e t  wide and the low-bay area approximately 
560 f ee t  long by 370 f e e t  wide. 
k i l l  be 175 f e e t  high and the assembly bays 460 f e e t  
k.ig%, with a maximum hook height of 400 f ee t .  
6,seenibly unit ( l s t ,  2nd and 3rd stage and spacecraft 
&,reas) w i ~ .  accommodate s ix  vehicle stages f o r  preliminary 
checkout, test, and maintenance. Final assembly and check- 
cmt, will be accomplished on the launcher-transporter i n  the 
high-bay area. 
the: high-bay area t o  serve the dual purpose of checkout 
tmct launch. The concept w i l l  prevent undue duplication 
of launch, checkout, computer, and control equipment. 
Required laboratory and shop space wi l l  be provided i n  
-;he f a c i l i t y .  
lwilding will t ransfer  stages t o  the assembly area. 

The upper stage bays 

Each 

A launch control area w i l l  be located i n  

The interlocMng bridge crane system in tke 
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Termirial. f a c i l i t i e s ,  which are not included i n  th i s  budget due t o  
their  shorter lead t i m e ,  w i l l  be requested i n  a subsequent budget. They 
consist of a barge basin, intercoastal  waterway connection, and storage 
f ac i l i t i e s , .  The stages w i l l  be transported t o  this  area by barge. 

(b) --- The intermediate (arming) area: Fac i l i t i e s  f o r  th i s  
wee~ axe not included i n  th i s  budget due t o  their  
shorter lead t i m e ,  and wi l l  be requested i n  a subse- 
quent budget. The intermediate area w i l l  contain 
facil i t ies f o r  arming r e t ro  rockets and squibs, 
f'rtcj.1ities f o r  the storage of ordnance supplies, and 
k ~ g h  pressure gas converter equipment. 

(e) --- IJa.uxich area: The launch area w i l l  contain f a c i l i t i e s  
wid equipment required t o  monitor f i n a l  checkout, t o  
1-oaii propellants, and t o  launch the vehicle. The 
f':iscal year 1963 budget includes funds f o r  the 
c:on:;truction of only one launch pad with i t s  associated 
p:?opellant and storage f a c i l i t i e s .  
mid ground control s ta t ion  which are also required f o r  
%lie launch pad are not included at this  time due t o  t h e i r  
shorter lead t i m e .  

The support building 

The -;otiZ1 f a c i l i t i e s  eventualLy t o  be constructed i n  t h i s  areti are as 
follows : 

Three ident ical  launch pads, elevated t h i r t y  feet above grade, 
w i l l  -3e connected t o  the ve r t i ca l  assembly building by the 
rail  system over which the launcher-transporter can operate. 
This syl;tem w i l l  pass through the intermediate area where the 
vehicle will be armed. 
pellant storage and t ransfer  f a c i l i t i e s  f o r  l iquid oxygen, 
l i qu i3  'hydrogen, RP-1 fuel ,  and a, support building. 
automatic ground control s ta t ion  will be adjacent t o  the pad 
and (contain dis t r ibut ion systems, checkout consoles, motors, 
recording and metering equipment, and the space vehicle 
environmental control system necessary f o r  the f i n a l  checkout, 
propellant loading, and launching of the vehicle. Pr ior  t o  
the propellant loading, the control of prelaunch operation will 
be transferred t o  the launch control center i n  the ve r t i ca l  
assembly building where f i n a l  preparations and launch will be 
effected through digi ta l  computer links. 

Each pad w i l l  contain separate pro- 

An 

The two launcher-transporters will be truss-type structures 
mounted on rails, and will include selfcontained drive 
systems. 
res t ra in  the vehicle, and will serve as mounts fo r  f i r i n g  
accessories and other equipment. 
transporters w i l l  be such f i r i n g  accessories as cable masts, 

Launch support anhholddown arms w i l l  support and 

Included with t h e  launcher- 



propel.1an-t loading masts, water quenching masts, and other 
e l ec t r i ca l  and pneumatic components. An umbilical tower 
approximately 360 feet high will a lso  be mounted on each 
launcher-transporter. 
cables, for lights and communications, a pneumatic distribution 
system, a sprinkler system, camera and service platforms, and 
the  unbilical. connections. 

The tower will contain an elevator, 

Sketches of '  t,he Advanced Saturn launch complex are presented on the follow- 
i ng  four pages. 

The 1.Ewich complex requested i n  t h i s  project  will provide the necessary 
capabili ty f o r  launching the Advanced Saturn vehicle. 
cannot be modified f o r  t h i s  purpose. To meet the scheduled flight test  
program ant1 f i r i n g  rate of the Advanced Saturn vehicle, it i s  necet,sary 
t o  request, funds i n  the f i s c a l  year 1963 f o r  only a portion of the t o t a l  
f a c i l i t i e s  required f o r  complete construction of the complex. 
as the veri;ical assembly building, the rail  t ransfer  systems, and Ithe 
launcher-t;i-ansporters have 
t o  meet t h r t  operational ready dates. The launch frequency as presently 
scheduled I-equires only one pad i n  the program and funding of the 
additional. proposed two pads w i l l  follow i n  a subsequent year 's  buttget. 
Support itmu; such as pads support buildings and ground control s ta t ions 
have shorter lead times and can a l so  be requested i n  a subsequent :rear's 
budget . 

Fxisting facil i t ies 

Such items 

long lead times and must be s ta r ted  i n  promptly 

The t o t a l  f a c i l i t i e s  of the complex are required f o r  the rendezvous 
mission of' placing a man on the moon i n  t h i s  decade. 
three vehjxles are needed f o r  each mission; 
complexes :?or pre-flight tes t ing  and launch. 
launch pact:; f o r  f l igh t  tes t ing  and one vehicle would be on a launcli pad as 
a back-up :lo:? a possible abort i n  the rendezvous mission; 
launch pact;; would be u t i l i zed  simultaneously. 
i t s  own f u e l  and support f a c i l i t i e s  as the distances between the linmch 
stands malse -the construction cost of central  f a c i l i t i e s  prohibitive. 

To meet th i s  objective,, 
th is  requires three lrtunch pal  
Two vehicles would bc on 

thus a l : L  three 
Each launch pad w i 1 . L  have 

The need for the reduction of on-pad vehicle t i m e  t o  an absoLIte 
minimum requires the utmost u t i l i za t ion  of these pads. 
purpose, :it is  proposed that the complete checkout and assembly of t h e  
vehicles wil .1  be undertaken i n  the ve r t i ca l  assenibly building. 

To accomplish th i s  

It i:; estimated that the funding requested i n  t h i s  project  w i L 1  permit 
the design, construction, and equipment of approximately f o r t y  percant of 
the total. fac i l i t i es  that comprise the three pad launch complex. 
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ADVANCED SATURN LAUNCH COMPLEX NO. 39 

LAUNCH PAD 'A' 
(FUTURE) 

HIGH PRESSURE QAS STORAGE 

,-LAUNCH PAD"6" 
' (INITIAL CONSTRUCTION-SEE NEXT PAGE 1 

LAUNCH CONTROL CENTER 

VERTICAL ASSEMBLY 
BUILDING AND 

FUEL AND LIQUID HYDSOGEN 
Sn STAGE ASSEMBLY 

SIP STAGE ASSEMBLY 
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ESTIMATES EXCEPT AS NOTED 
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ADVANCED SATURN LAUNCH COMPLEX NO. 39 

HIGH PRESSURE GAS 
FACILITY 

LIQUID HYDROGEN 

GAS FACILITY 

PERSPECTIVE 

PLAN VIEW 
ALL CONSTRUCTION WITHIN SHADED AREA PROPOSED 
IN THE FISCAL YEAR 1963 ESTIMATES. 

LAUNCH PAD "B" 
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ADVANCED SATURN LAUNCH COMPLEX NO. 39 

PERSPECTIVE 

PLAN ELEVATION 

FEET 

LAUNCHER - TRANSPORTER 



I 

x
 

W
 

I 



COST ESTIMA!J?E: 
-I- 

--- A. IAND I~C€ISRON.  ...................................... 

Sitxr preparation and roads.. ............. $1,850,000 
Util.it;y instal la t ions and connectlons. ... 2,200,OOo 

C. FACIIJYS! CONSTRUCTION AND MODIFICATIONS ................ 106, e?'O,OOO 

Ver1;ical assembly and checkout building. 
Ism bay area. .(370 by 560 feet; 
207,200 square f e e t  at  $135 
per square foot) ......... $27,972,000 

Eigki bay area. .(454 by 665 feet; 
301,910 square f e e t  a t  $215 

92,882,OOO 

per square foot) ..... :. .. 64,910,000 
Rai.:. 4;ransfer system. .................... 8,400,OOO 
Lawicki pad.. ............................. 5,588,000 

D. EQUII'I@NT, INS-TION, SuppORT S y S m  . . . . . 48, e175 ,OOO 

~ r o p e ~ l a n t  services.. .................... 23,600,000 
Eigh pressure system.. ..... 7,000,000 
1d.quid oxygen system. ...... 9,OOO,000 
  ti el. system ................ 1,600,000 
Liquid hydrogen system.. ... 6,000,OOO 

Chex:kcut and control equipment,. ......... 5,40Q,OOO 

Fir".ng accessories........ ............... 5,000,900 
Insl;nmentation.......................... 2,000,000 

Lawidler-transporters ( t w o ) .  ............. u,~OO,OOO 

DefLectors............................... 775,000 

GenrmtL support equipment.. .............. 1,OOO,ooO 

E. DESIClIJ I U D  ENGINEXRING SEWICES.. ...................... 16,755,000 

(Additional design funds i n  the amount of 
$3,'~00,000 are  proposed t o  be allocated 
f rcm fiscal. year 1962 funds) 

T O M  estimated cost.. ............. $176,5t50,000 
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ADVANCED SATURN-NOVA SUPPORTING FACIUTIES 

DESCRIITI -- ON: 

This project describes the supporting f a c i l i t i e s  that are required i n  
the New Area, of theAtlantic Missile Range t o  support the Manned Lunar 
Landing E'rogram. Current s i t i ng  i s  tentative and, pending addi t iona l  
study and. program development, i s  subject t o  change. 
includes: 

The scope of work 

Mission Support Fac i l i t i e s  

FaciI.it;ies are  required t o  provide space fo r  approximately 1,000 NASA. 
and contractor employees. Two buildings a re  proposed f o r  construction, as 

-- Contractor$ building;: This building will provide a 
fgross axea of 60,000 square feet within a two story 
building, f o r  office,  laboratory and administrative 
rzariagement f a c i l i t i e s  f o r  contractor personnel. 

I%ineering, laboratory, and operations bui ld ing  
]>e~manent type, air conditioned, two story building 
iK!L be constructed t o  contain approximately 65,000 
square f e e t  of laboratory and engineering space. 

A 

Range Support Fac i l i t i e s  

imxiect includes funding f o r  the i n i t i a l  increment of range 
instmuner&ation f a c i l i t i e s  and eiuipment . 
additiona:L f a c i l i t i e s  and equipment w i l l  be required. 
that appmx:tmately $14,000,000 will be required i n  the f i s c a l  year 1964 
program for these purposes. 
program a?e described below; 
under "Cost Estimate" and discussed under "Justification".  

As the program developEa, 
It i s  anticipated 

The f a c i l i t i e s  f o r  this purpose i n  the 1963 
the 1963 equipment requirements are l i s t e d  

(a)  Cable storage and maintenance f ac i l i t y :  This f a c i l i t y  
iXL1 be a permanent single story warehouse type masonry 
st:mcture, with a t o t a l  f loor  area of 30,000 square f e e t #  

(b) .- Central telemetry f ac i l i t y :  This f a c i l i t y  w i l l  consist 
of a permanent single story, air conditioned building 
Isf approximately 25,000 square f e e t  i n  the New Area. It 
'd i .11  include the construction of a back-up power s ta t ion 
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and. the necessary antenna foundations. 

(c)  C!onununications f ac i l i t i e s :  The construction of the 
i'ollowing permanent type, air conditioned structures 
is proposed: 

(1) A 7,500 square foot  addition t o  the central  
telephone off ice  i n  the Existing Area. 

(2) A 1,500 square foot  addition t o  the central  
telephone off ice  a t  Patrick Air Force Base. 

( 3) A l5,OOO square foot central  telephone 
off ice  i n  the New Area. 

(:4) Three repeater buildings w i t h  an average 
of 1,500 square f e e t  each, a t  various loca- 
t ions i n  the New Area. 

(5 : )  A 6,500 square foot  cable terminal building 
i n  the New Area. 

(a) IVuUclear radiation fac i l i ty :  This system w i l l  consist of 
;zLt ip le  s c in t i l l a t i on  centers ins ta l led  i n  blast -proof 
shelters i n  the v ic in i ty  of the launch pad, with radio- 
active sources mounted on the missile. 
Ilemsity w i l l  be recorded as detected by each counter 
(luring t h e  l i f t - o f f  phase. 
counter recorded data w i l l  provide position iriformation 
f m m  l i f t - o f f  t o  approximately 500 f e e t  a l t i tude .  
tl:W popition, velocity, and acceleration w i l l  &Lso be 
available f o r  presentation. 

Par t ic le  

Post flight reduction of the 

Real- 

(e)  C e n t r a l  control fac i l i ty :  A 14,500 square foot addition 
5 required t o  the existing central  control building i n  
the Existing Area. 
and of special design to match the existing building. 
In te r ior  modifications t o  the existing building and 
additional air conditioning are included. 

Construction w i l l  be permanent type 

( f )  Precision infrared tracking system f a c i l i t i e s :  Two 
concrete t r a i l e r  pads with the necessary u t i l i t i e s  w i l l  
be located near the Advanced Saturn launch s i t e s  f o r  the 
operation of precision infrared tracking trailers. 

. 

(g) Emface surveillance radar f a c i l i t i e s :  Two mobile sur- 
Each mobile vE:illa,nce radar sites w i l l  be constructed. 

s i t e  will include a van pad and the necessary u t i l i t i e s .  
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Location p:Lmis and sketches of the f a c i l i t i e s  included i n  t h i s  prollect are 
shown on 1;lie following nine pages (I 

The Nuuied Lunar Landlng Program will require the constructior~, of 
several supporting f a c i l i t i e s  t o  house personnel, equipment, and 
instrumen1;ation. 
Missile Range i s  not f u l l y  capable of supporting launches north of the 
boundaries of the Exist ing Area. 
s t an t i a l  i . nc i~we  i n  range support instrumentation and equipment. 
detailed ;iiistif ications follow: 

The instrumentation i n  the Existing Area a t  the Atlantic 

The project accordingly includes a sub- 
More 

Mission Support Fac i l i t i e s  

(a)  --- C0nl;ractors'bufl~ng: The size  of the planned program 
~ ~ ? q u i r e s  close coordination between operational. con- 
1;mctor personnel who are engaged i n  work on Saturn and 
llowi, upper stages and personnel who are engaged i n  
booster work. This f a c i l i t y  w i l l  provide the proximity 
necessary f o r  th i s  coordination and the required space 
%o house contractor personnel e 

(b) Figineering, laboratory, and operations buildlng: This 
f'iuAlity w i l l  prolride laboratory and engineering space 
to be used by systems engineering and technical personnel 
cnigriged i n  the test;, evaluation, and checkout of parts,  
cxqponents, sub -assemblies equipment , and materials f o r  
Ziooster and upper stageso 
engineers, project coordinating staffs, contract co- 
oiidinating personnel, supporting personnel, and the 
ciquipment related t o  these functions. 

It wll% also house project 

Range Support Fac i l i t i e s  

(a) --- Ckible storage and maintenance fac i l i ty :  A secondary 
cctn1;er i s  required f o r  the esmrmulicatfons and daka distri-  
bntj.on cable m i n t e n a c e  md fnstnalhtion operations. The 
E:i;micture will provide Limited in te r ior  storage f o r  small 
cxibb:Le and associated components and equipment Large 
q>en-storage areas will be prodded f o r  the outside 
storage of cable reels .  
r:W!lations personnel operating f rom this f a c i l i t y  w i l l  
nltdritain all outside cable system i n  the New Area. 

The cable maintenance and in -  

(b) --- Ckn1;ral telemetry fac i l i ty :  The existing telemetry 
f ' t ici l i t ies a t  the At lmt i e  Missile Range must be supple- 
nlcml;ed by the construetfon of a central  telemetry 
f't&lity. The f a c i l i t y  will support programs i n  both the 
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ADVANCED SATURN-NOVA SUPPORTING FACILITIES 

LEGEND 
4 ADVANCED SATURN NOVA SUPPORT FACILITIES 

A. CONTRACTORS BUILDING 
B ENGINEERING,LABORATORY,ANO OPERATIONS 

C TELEPHONE CENTRAL OFFICE 
D CABLESTORAGE AND MAINTENANCE FACIUTY 

BUILDING 

LEGEND 

1 I UTILITY INSTALLATIONS NEW AREA 
A WATER PUMPING STATION 

AND STORAGE TANK. 
B HEATING PLANT 
C. MAINTENANCE BLDG. 

PARKING 

LAUNCH OPERATIONS AREA 

FUTURE CAFETERIA 

200 0 400  800 
110 KV 

TRANSMISSION LINE 

SCALE FEET 
- - . .I.-'e-e.."LII e.CQ.llCC 

INDUSTRIAL SITE PLAN- NEW AREA 

MANNED SPACECRAFT AREA -_ - - 
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New and the Existing Areas. 
necessary telemetry pre-launch checkout and coverage of 
oeehlcles during the i n i t i a l  portion of flight. It will 
also receive, process, record, o r  transmit data received 
from telemetry receivgng s ta t ions at  outlying sites ( N ~ W  
E'myma Beach, Florida, Vero Beach, Florida and Grand 
Elabama Island).  A l l  acquired information will be corre- 
lated i n  this central  f a c i l i t y  and w i l l  be transmitted 
t o  user organizations fo r  presentation i n  real-time at  
the i r  control centers. 

It w i l l  provide the 

(c) - C!onmications faciLities:  Severd  f a c i l i t i e s ,  as out- 
3.iried i n  the project description, are necessary t o  - .  

establish a communication and data distribution network 
t o  support the Manned Lunar Landing Program. 

(d) Nuclear -- radiation f ac i l i t i e s :  These f a c i l i t i e s  are 
necessary t o  proxide precision data, unhampered by weather, 
f'kuue, o r  blast during the ear ly  l i f t - o f f  phase. There 
ECE! no systems presently i n  use which w i l l  provide rea l -  
time data of adequate accuracy during this  c r i t i c a l  phase. 
Suc:h a system would add negligible weight and volume t o  
the missile and would not be dependent on missile power. 
Ilenmte recording of the metric data would preserve such 
clata f o r  analysis following any missile malfunction 
cluring l i f t - o f f .  

-- Central control f ac i l i t y :  The central  control building 
Ln the Existing Area i s  the control point f o r  a variety 
of vital functions including range safety and range 
i:ertdiness. 
1;al;ion along the f l ight  path is ready f o r  the t e s t  and 
populated areas can be protected against damage. 
functions must be expanded t o  receive data from the New 
Area instrumentatfon . 

Launches are not p e a t t e d  unless instrumen- 

These 

( f )  l?recision infrared tracking system f a c i l i t i e s :  
j s A l i t i e s  are required t o  place i n  operation a pre- 
cision infrared tracking system tha t  w i l l  support 
Ad.mced Saturn launches. 
:?rovided t o  f u l f i l l  the requirement for  an early launch 
tracking system capable sf proriding red-t ime data t o  
.the appropriate control, centers A mobile system using 
van pads with supporting u t i l i t i e s  is contemplated. 

Instrumentation w i l l  be 

( g) .- Su:rface surveillance radar f a c i l i t i e s :  -- 
(outlined i n  ( f )  above w i l l  provide the support required: f o r  

The f a c i l i t i e s  

a inobile surface surveillance radar. The radar w i l l  be 
wed f o r  range s d e t y  support of Advanced Saturn launcher; 
.with the m b i l e  u n i t  positioned at one of the van sites 



to  provide optimum surface surveillance coverage. 
fixed position radar i s  planned f o r  a subsequent budget 
t o  fur ther  implement this  system. 

A 

Ezipment, instrumentation, and supporting systems: 
fnstrumentation itemized i n  the Cost Estimate i s  required 
due t o  the limited capabili ty of the existing range 
instrumentation t o  handle launches i n  the New Area north 
o f  the existing Cape Canaveral Missile Test Annex pads, 
and to  handle extended missions. The development of new 
systems such as the precision infrared tracking system an1 
the nuclear radiation ranging system i s  necessary t o  meet 
program requirements and r e l i ab i l i t y .  
c f  additional equipment and support systems are required 
t o  supplement instrumentation presently available at  
.Atlantic Missile Range and a t  remote locations. Among 
these requirements are provisions f o r  the extension of 
existent telemetry coverage and data dis t r ibut ion both 
at l i f t - o f f  and during first phase of flight; extended 
camera coverage of a l l  types; highly accurate optical ,  
infrared, and various special  precision and high reso- 
1.ut.ion tracking systems f o r  t ra jectory position and 
vsl.ocity surveillance systems; extended central  control 
capabili t ies;  coordination systems w i t h  global range net - 
vork; redundant command control and extended range safety 
coverage; intercommunications systems; and radiation 
ranging systems. 
j n  th i s  project i s  required f o r  the i n i t i a l  launch phase. 

The 

Large quantit ies 

The instrumentation proposed fo r  funding 

COST ESTIbVCIE: 

A. IAND B . C ~ , ~ S I ~ O N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B e  SITE I~E7i'ELOFMENT AND UTILITY INSTA~~ONs.............. 

Si t e  preparation.. .......................... $560,000 
404,000 

Uti~.it;y connections. ........................ 610,000 

FACIIJTY CONSTRUCTION AND WDIFICA'EONS. ................ 
R 0 a l . s  and parking areas.. ................... 

C. 

Missicm support f a c i l i t i e s  : 
Ccmtractors' building. (60,000 square 

Ehgineering, laboratory, and operations 
f e e t  a t  $22.00 per square foot) ......... 1,320,000 
$23.00 per square foot).  ................ ~,500,000 
building. . (65,000 square f e e t  a t  



D. 

E. 

Range support f a c i l i t i e s :  
Cable storage and maintenance 

f a c i l i t y . .  (30,000 square feet at 
$15 .OO per square foot).  ............... 

Central telemetry f ac i l i t y .  . (25, OOO 
square f e e t  at  $50.00 per square 

$450,000 

foot) .................................. i,250,000 
Nuclear radiation f a c i l i t i e s  ............. 25O,OOO 
Central control building addition.. 
(14,500 square f e e t  a t  $38.62 per 
square foot) ........................... 560,000 

Precision infrared f a c i l i t y  .............. 30,000 
Surface surveillance radar fac i l i t y . .  .... 40, OOo 
cclmmications f a c i l i t i e s .  . ( 35,000 
square f ee t  at  $45.50 per square 
fozot) .................................. 1,586,m 

Central telephone office,  New A r e a  
(15,000 square fee t )  

Central telephone off ice  addition, 
Existing Area (7,500 square fee t )  

Cable Terminal Building, New Area 
(6,500 square f ee t )  

Repeater building, New Area 
(4,500 square f ee t )  

Central telephone off ice  addition, 
Patrick A i r  Force Base (1,500 
square f ee t )  

EQUIPJ~TP, INSTHUMENTATTON, AND SUPPORT SYSTEMS.. ....... $28,661,000 
Central telemetry equipment.. .............. 
Te1n:mEttry control data terminal 

equipment ................................ 
Inside and outside cable system 

(1.,200 miles). ........................... 
1nterc:omunication equipment.. ............. 
Prec:it;ion ear ly  launch r a t e  equipment. ..... 
NucLLecir radiation ranging system. .......... 
Cen';ral control equipment .................. 
Precir;ion infrared trisJlgulation system.. .. 
Dat;a handling equipment f o r  range rate 

t:-;ai;ion.. ................................ 
Surf'ac:e surveillance radar. ................ 

Universal timing terminal unit.. ........... 

Offj.ce: equipment and furniture.  ............ 

6,248,000 

1,445,000 

l0,597,000 
336,000 

4,929,000 
724, 000 

2,120,000 
1,591, 000 
44,000 

243,000 
144,000 
240,000 

DESI(ZI? IWD ENGINEERING SERVICEB......................... 

Total estimated cost.. ................ &121,000 - 
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POLL0 STATIC TEST FACILITY 

DESCRIPTION: - 
This Froject involves the construction of two test stands and related 

s t ruc twes ,  and the  in s t a l l a t ion  of the necessary equipment, instruinentation, 
and support, systems. 
vacuum environment i n  which the spacecraft rocket engines must be able t o  
i g r ~ l k ~ .  5 so t h a t  use 
may be m a d e  of the exis t ing blockhouse of launch complex Nos. 5 and 6. 
Studies ha.ve indicated that t h i s  locat ion i s  the  most pract icable  and W O -  

nomical 

A steam e jec tor  w i l l  be provided t o  simulate the space 

The f a c i l i t y  w i l l  be located east of launch pad No 

P sketch of the proposed f a c i l i t y  i s  shown on the following page. 

Two s;l;ands are  required f o r  s t a t i c  t e s t s  of the Apollo spacecraft. 
One test starid w i l l  be used f o r  s t a t i c  f i r i n g  and prcof t e s t i n g  cryogenic 
lunar hype]-golic engines of  the Apollo service module. 
w i l l  be terjted simultaneously. 
landing arid take-off stages of Apollo spacecraft  under simulated lunar 
conditions is  a v i t a l  pa r t  of the overal l  systems t e s t ing  programs. 
safety of -;he astronauts and the fu l f i l lment  of the assigned missicns 
cannot be prt?dicated u n t i l  confidence fac tors  have been developed lly 
these tesl;::. 
th i s  type of t es t ing .  

Both of the modules 
S t a t i c  t e s t ing  on the ear th  of the lunar 

The 

There are no ex is t ing  f a c i l i t i e s  avai lable  t o  perforni 

B, SITE ITEVZLOPMENT AND UPILITY INSTALLA!TIONS.. .............. $3f;4,000 

S i t e  preparation.. ............................. $13,000 
64,000 Roads and parking areas.. ...................... 

U t i . l i t , y  connections............................ 90,000 
Railroad switches.............................. 57,000 
Railroad track................................. :L3O,OO@ 

C. FACILITY CONSTRUCTION AND MODIFICATIONS.. ................. 4/+5,000 

Lunar module t e s t  stand........................ 230,000 
Service module t e s t  stand...................... l30,OOO 

Boiler facil i t ies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50,000 
Pumg house fac i l i ty . . , , . . . . . .  .................. 35,000 

C F  2-111 
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D. EQUIRIIISIV, INSTRUMENTNION, AND SUPPORT SYSTEMS. ......... $3,C105,000 
Lunar module stand fire protection system .... 
Lunar module stand electrical system......... 
Service module stand fire protection system.. 
Servicle module stand electrical system....... 
Vaciium system......... ....................... 
Propellant system...............o~..~.~o~oo~~ 
Instrurnentation.....................e.e....o. 
Cabling. ..................................... 

$150,000 
920,000 
150,000 

136, ooo 

a45, ooo 

641,000 

513,000 

250,000 

]j96,000 Eo DESIGN AND ENGINEERING S E R ~ C E S . . . . . . . . . . o o o * . o o . . . . o . o o .  - 
Total estimated cost........... - $5,000,000 - 
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ATLADTIC MISSILF: RANGE 

FISCAL YElAR 1963 ESMMATES 

NOVA LAUNCH COMPLM 

This  project 
constructLon of a 
heavy vehj.cl,es of 

requests the funds necessary t o  i n i t i a t e  the design and 
complex for  the assenibly, checkout, and launch of very 
the NOVA class. The f i s c a l  year 1963 portion of the 

project incl-udes the construction of one ver t ica l  assembly and lanuch 
building, the sub pad work f o r  two (2) launch pads, and the s i t e  grepa- 
ration arid u t i l i t i e s  instal la t ions.  The l a t t e r  would include such items 
as  canal^^;, J-oads, and water and power services i n  the complex area. The 
design of' long lead t i m e  items, such as the launcher-transporter, pro- 
pellant qml;ems, and control and checkout systems, i s  a l so  included i n  
th i s  pro,jc?cl;. 
approximEi1;e:Ly 35 percent of the t o t a l  cost of the complex. 
w i l l  be CLivLded in to  two (2) general areas, as follows: 

It is  estimated that the f i s c a l  year 1963 request covers 
The complex 

-- Ikiuzch control area: This area will include the launch 
control center, high pressure gas conversion f a c i l i t i e s ,  
tmi upper stage inspection and modffication f a c i l i t i e s .  
:@ace Will also be provided fo r  the receipt and 
-;emuporary storage of spacecraft. 
f a c i l i t i e s  such as roads, causeways, bridges, and 
i r t i l i t i e s  within the area are also included. 

The support.l.ng 

Vertical assenibly and launch area: Three (3) launch 
w i l l  be constructed, each containing a ver t ica l  

ctsr;enibly and launch building, and propellant storage and 
-Lrrtnsfer f a c i l i t i e s .  
checked out, and launched from the ver t ica l  assenibly 
tmmd launch structure whfch wi l l  be of fixed design. 
:jt:ructure as presently envisioned wi l l  be approximately 
1+70 f e e t  high and 300 f e e t  long and will be designed t o  
vi-thstand launch pressures as w e l l  as hurricane loadings. 
lieinote controlled ver t ica l  louvers and a s p l i t  opening 
:roof are  contemplated t o  a l l o w  full. opening and pressure 
:re:Lief during launch e 

The vehicle will be assexribled, 

The 

transporter f o r  the first stage w i l l  serve as a launcher and will. 
be integral  with the booster from i n i t i a l  assenibly t o  launch. The trans- 
porter-lemcher mit w i l l  move through a system of canals t o  the ver t lca l  
assenibly ant1 launch building. M t e r  the transporter is  positionect, the 
locks w i : L L  close and the water will be pumped out. The transporter will 

CF 2-Ml 



then be f:Lrmly founded and used as a launch platform. Following launch, 
the water will be pumped back i n t o  the lock and the transporter f loated 
away for  reconditioning and the acceptance of another first stage 
booster. The launcher-transporter concept is unique and special  design 
and construction techniques will be required. 

The remaining stages f o r  the comgleted NOVA vehicle w i l l  be brought 

The assenibled vehicle will be chechd out 
t o  the launch area by water or  road and w i l l  be assembled i n  the m r t i c a l  
assembly and. launch building. 
and contrcll transferred t o  the control center f o r  launch. The che:kout 
and launch. Eystems will be linked through computers. 

Sket,c:h@s of the proposed complex are shown on the following two pages.. 

The NOVA vehicle i s  being designed f o r  a thrust  of 12,000,OOC pounds. 
The vehicle w i l l  be used f o r  launching very heavy payloads t o  d i rec t  
landing on the moon without the need f o r  rendezvous. 
complex described above w i l l  launch eight NOVA t m e  vehicles per year. 
Each launch pad will have the capability t o  permit assembly, pre-fl ight 
check-out;, launch, and pad refurbishing f o r  only four vehicles per* year. 
This reqicires two launch pads t o  meet the scheduled eight launchec per 
year. However, one additional pad i s  required f o r  back-up i n  the event of' 
an exp1or;:ion or when major delays i n  launching from the other padt, occur. 

The three pad 

--- A. IAND , ~ C C ( ~ ~ S I ~ O N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B. SIm DIGVETXJPMENT AM> U T I U T Y  INSTAT;IATIONS. ............. $5,770,000 

Si t e  preparation, grading, and f i l l i n g . .  ... $2,100,000 
New roads... . . . .  ........................... 1,700,000 
Electr ic  lines... . . . . . . . . . . . . . . . . . . . . . . . . . .  1,000,000 
Water l ines ,  potable and industrial . . . . . . . .  970,000 

C. FACIIZT'Y CONSTRUCTION AND MODIFICATIONS. ................ 60,630,000 

Ver%l c a l  assenibly building. . ( 141,000 
E'quare feet at $430 per square foot).  .... 60,630,000 

Tota l  estimated cost..  ................ @,500,OOQ 
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FISCAL YEAR 1963 ESTIMATES 

UTILI'I'Y INSTALLATIONS - NEW AIGJ 

DESCRIPTION : 

This pro,ject covers the extension of range u t i l i t i e s  and the con- 
struction o E  range support f a c i l i t i e s  i n  the New Area of the Atlant:.c 
Missile Raiise i n  support of the Manned Lunar Landing Program. 
scope of work includes: 

The 

(8) --- Canal dredaing: The dredging of approximately 18 m i l e s  0:: 
L30Toot wide canal t o  a depth of 12 fee t  w i l l  be required 
t o  service launching sites. 

(b) .e- :Primary and access roads and bridges: 
o f  access and in te r ior  roads and bridges as foUows: 

"his item consists 

.-- 'Exterior of the site: 
existing Route A l A  from Haulover Canal Bridge north t o  
the Volusia County l i ne  w i l l  be reconstructed and widened. 
P. new two lane bridge w i l l  be b u i l t  over the Haulover 
Canal. The road w i l l  be 24 fee t  wide w i t h  s ix  foot 
wid.e shoulders on e i ther  side. 

Approximately 5.0 miles of 

It i s  proposed t o  rebuild 1 .3  miles of Route ALA south 
of Gate 2 (south boundary) to provide a 24 foot wide roafway 
with six foot wide shoulders on e i ther  side. A new 
bridge over a drainage canal is  included i n  t h i s  work. 

A new four lane causeway w i l l  be constructed across Indian 
River from U. S, Highway #1 on the mainland t o  the new area 
1)oundary. A bridge across the Intercoastal Waterway and a 
t r a f f i c  interchange at  U. S, Highway #1 w i l l  a lso be required, 

-- On the site: 
of new and rehabili tated road net within the New Area 
including 4.0 m i l e s  of new four lane road, 6.0 miles 
of new twolane road, a causeway and bridge at  Banana 
River connecting the New Area with present f a c i l i t i e s  
:in the Existing Area9 and approximately 19.0 miles of 
:rehabilitated roadway throughout the New Area. 

This i t e m  includes approximately 29 miles 

( c )  -- I?o1~?r transmission l ines  and substations: 
:;a:ry t o  construct 22 miles of 110 KV overhead power transmission 

It w i l l  be neces- 
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I-:ines, two 110 KV t o  13.2 MI substations, and 20 miles 
of IL3.2 KV overhead dis t r ibut ion l ines .  

(d) lJ:ttt?r mains: The project includes the ins ta l la t ion  of --- 
:,l+.fj miles of 20 t o  24 inch water mains and connections. 

(e )  Iiiantn(5e support - u t i l i t i e s :  --- 
u- Heating plant and dis t r ibut ion system: 
clmsist of two miles of steam l ines ,  two miles of stem 
rctiirn lines, and a 1500 horse power boi ler  plant. 

This system w i l l  

Water storage and distribution system: 
of' 2*2  miles of water l ines ,  a 500,000 gallon storage tank, 
and a pumping s ta t ion w i l l  be required. 

The ins ta l la t ion  --- 

ILLectric power dis t r ibut ion system: 
miles of 13.2 KV overhead distribution l ines ,  a substation, 

Approximately 2.0 --- 
a n d  switching gear w i l l  be installed.  

lhnge support - roads and parking areas: ( f 1 --- 
-- lbad network: 
of approximately 28,400 square yards of paving w i l l  be 
:required t o  support the new f a c i l i t i e s .  

Roads within the support area consisting 

Psr:king areas: 
-the new f a c i l i t i e s ;  approximately 58,000 square yards of 
paving w i l l  be l a id .  

Parking areas are also required t o  suppor'; --- 

(g) --- Security f ac i l i t i e s :  This i t e m  includes 15.0 miles of 
r3ecurity fences, l ights ,  and four (4)  pass and identi- 
:Cic,sltion buildings, one on each access road t o  the I W W  
A rei%. 

(h) --- Range support - f a c i l i t i e s :  

Maintenance building: 
.L5,000 square feet gross area, w i l l  house the first 
Fncrement of the range plant maintenance funct:ions . 

This structure, consisting of -- 

Warehouse: 
:feet of storage area f o r  range support supplies, parts,  
i3nd equipment. 
required i n  subsequent f i s c a l  years as the program 
progresses. 

This building w i l l  contain 20,000 square ---- 
Additional storage f a c i l i t i e s  w i l l  be 

CF 2-1\72 



- Cispensary: 
support fo r  personnel i n  the immediate area and will 
support a l l  other f i rs t  aid stat ions i n  the New Area. 
The building tjill contain 4,600 square f e e t  of f loor  
area. 

A central  dispensary will provide medical 

Location g 1 . a ~ ~  of the u t i l i t i e s  t o  be ins ta l led  and sketches of the 
f a c i l i t i e s  t o  be constructed under this  project are shown on the following 
f ive  pages 

After. the decision was mde t o  acquire the new land mea a t  the 
Atlantic Missile Range f o r  the launching of the flight vehicles for the 
Manned Luruw Landing Program, a study was made t o  determine the typs and 
quantit ies of u t i l i t i e s  required t o  support the launch flight f a c i l i t i e s  
being requrts1;ed i n  the f i s ca l  year 1963 budget. This study revealed that 
the existing access roads, bridges, and canals were inadequate t o  support 
the schedu:Led fl ight launches. I n  coordination with the State of Florida 
and the Ai:? Force, an access roads study was undertaken which indicated 
that the Eu:cess projects requested herein w i l l  be required t o  move the 
q m t i t i e t ;  o:r' t r a f f i c  that w i l l  be entering the newly acquired area.. 

The p r i ~ n a ~ y  u t i l i t y  systems proposed are the minimum required at this  
time t o  sqpport the launch pads being requested i n  the 1963 program f o r  
the NOVA and the Advance Saturn Programs. 
requested in  subsequent programs, additional u t i z t i e s  t o  support these 
pads w i l l  'be  programmed concurrently. 

When additional pads a r c !  

The proposed extension of range u t i l i t i e s  and the proposed con- 
struction of range support f a c i l i t i e s  and u t i l i t i e s  are scheduled :in 
accordancse with launch site support requirements f o r  the Manned Lwiar 
Landing Program. 
proper sequential order is  essent ia l  t o  meeting the projected 1aun':h 
schedule 

Timely construction completion of these f a c i l i t i e s  i n  

Cm.~tl dredging. e . . . . . . . . . * . .  . . . . . . . . . . . . . . 
Prialary and access roads and bridges.. . . . . 

Eb:terior of the site..  . * .  . . . . $3,953,000 
$2,650,000 
7,260,000 

5.,0 miles of road 
from Haulover 
Bridge t o  
Volusia County 
l ine.  . . . . * .  $350,000 CF 2-N3. 
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ATLANTIC MISSILE RANGE 

FISCAL YEAR 1963 ESTIMATES 
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ATLANTIC MISSILE RANGE 

FISCAL YEAR 1963 ESTIMATES 

UTILITY INSTALLATIONS NEW AREA 
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I3:ritlge over Haul- 
over canal.. . . *. $578,0OO 

: ~ . 3  miles of road. 65,000 
13:Piage. . . . . . . . . . . . 50,000 

#:L* .. . . .. . . . . .. 1,240,000 
' Ccmcseway road t o  

U. S. Highway 

ILritige. . . . . . . . . . . 1,270,OOO 
:Linterchange at  

U. S. H i g h w a y  
#:L" .. . . . . . ..... 400,000 

On the s i t e . .  . . . . . . . . . . . . . . . . $3,307,000 

I+ miles of 4 lane 
road ........... 800,OOo 

6 miles of 2 m e  
road., including 
causeway and 
bridge ......... 1,870,000 

rshabili ta ted 
rmit.. ..... .... 637,000 

l3.0 miles of 

Power transmission l i nes  and substation. . $2,340,000 
Power transmission lines... . .  1,300,OOO 
2 Substations .... . ...... ..... 1,040,OOO 

Water mains............,.................. 1,990,OOO 
Range support - utillties................. 1,390,OOO 

Heating distribution system.. 760,000 
Water &l!str€bu.t;ion system, . . 270,000 
Electr ical  power distribution 

system ............ ........ 360,000 

Range support - roads and, parking areas.. . 
Road network.. . ... ... . ... .. . . 260,000 
Parking areas................ 480,OOO 

740,000 

Security forces........................... 498, OOO 
Lighting .................................* 495 , OOo 

CF 2-~g .  



C. FACILITY CONSTRUCTION AND M O D I F I ~ ~ O N S . . . . . . . . . . . .  ..... $1,2130,000 

Pass and identification buildings; four 
each (600 square feet at $30 per ............................ sqccare foot). $72, 000 

square foot) ............................. 200,000 

Water storage tank......................... l30,OOo 
Heating plant (5000 square feet at $40 per 

Maintenance building (15,000 square feet 
at $24.00 per square foot). .............. 360,000 

Warehouse (20,000 square feet at $15.00 
per s q w e  foot) ......................... 300,000 

Dispensary (4,600 square feet at $30.00 
per square foot). ........................ 138,000 

D. EQUIPMENT, LNSTRWENTATION, AND SUPPORT SYSTEM30 0 0 5'12,000 

Maintenance, warehouse, and dispensary 

Boilers, purrrps and accessories............. 550,000 
equipment ................................ 22, OOO 

E. DESIGN AND ENGINEERING SE~CES......................... 2,865,000 

Total  estimated cost............. LA 22 000 000 



NATIONAL AERONAUTICS AND SPACE AT"ISTRATION 

FISCAL YEAR 1963 ESTIMATES 

FACILITY PLANNING AM) DESIGN 

DESCRIPT1CIP;I: 

The funds requested under t h i s  project are required for advanced 
f a c i l i t y  pl-arming and design on projects for  which construction funds 
may be requesf,ed i n  subsequent budgets. 

JUSTIFICA13:OIJ : --- 
Long-i-:mge plans i n  several program areas must anticipate the need 

f o r  the cons-Lr?iction of f a c i l i t i e s  beyond the budget year f o r  which esti - 
mates are being submitted. A considerable saving i n  time and an increase 
i n  the acc'iracy of construction cost estimates is  possible with the 
avai labi l i ty  of an advanced f a c i l i t y  planning and design fund whicli can 
be used t o  ii?-i+,iate the design of high-priority f a c i l i t i e s  prior t o  the 
enactment sf project authorization and the appropriation of funds. 
out t h i s  :project, the only method by which such advanced design work can 
be in i t i a t ed  I s  through the use of the Admlnistrator's amrgency auth- 
orizations provided i n  the authorization act .  
separate and identifiable advanced planning and design fund propos2d by 
this project allows the emergency authorizations t o  be conserved fix 
projects requiring the prompt in i t i a t ion  of construction, and permits 
advanced planning and design t o  be funded without the necessity of re- 
programming funds provided f o r  other proJects. 

With- 

The provision of the 

COST ESTIPkl'IFE: 
-I- 

Total estimated cost..  . . . . . . . . . . . . .. . .... . . . . . .. . . . . . . * $'lO,OC!O,OOO -.- 

CF 3-1 



NATICQNAL AERONAUTICS AM) SPACE AIMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

CONSTRUCTION OF FACILITIES - 1963 PROGRAM_ 

FLIGHT lBSEARCH CENTER 

Page 

CF4-A2 1,ocation plan 

NO - 

CF4-A3 13u:ilding additions.......... .................... $I.., 332,000 

CFb-Bl Visual f l ight  simulator.. ....................... -. 475,000 

Total.. ................... $I., 807,ooo 

CF4-AI. 



FLIGHT RESEARCH CENTER 
FISCAL YEAR 1963 ESTIMATES 
LOCATION PLAN 

// / / l T O  MOJAVE. US W BARSTOW 466, 

LEGEND 
I. LABORATORY 7 WAREHOUSE 
2. MAIN HANGAR 8. SUPPLY 

4. AUXILIARY POWER UNIT 

5. BOILER HOUSE BUILDING 
6. W N T  STORAGE SHED 11. WATER TANK 

3. CALIBRATION HANGAR 9. MAINTENANCE SHOP e 
WEST WMlE LINE 
ROOERS DRY LAKE 

AUTOMOTIVE GARAGE 
BUILDING (X-15) IO. GROUND SUPPORT EWIPMEN 

II 

[ O y  - -- - -TZ 
FIRE MAIN 

GRAPHIC SCALE 



FLIGHT RESEARCH CENTER 

FISCAL YEAR 1963 ESTIMATES 

BUILDING ADDITIONS 

RuKL ling additions t o  the main Flight Research Center building 
are proposed as indicated i n  the sketch on the following page. The 
addition:; to t& t o  approximately 42,000 square f e e t  of space which w i l l  
provide 12 net usable area of s l ight ly  over 31,000 squa:re feet .  Allout 
21,000 square feet; of the additional space w i l l  be used f o r  shop and 
1aborato:t-y gzc:tivities, and about 10,000 square feet fo:r off ice  spttce 
and othe:r supporting ac t iv i t ies .  

JUSTTFICAr ION 
--I 

The iwreasing workload a t  t h i s  station, particularly i n  connection 
w i t h  the K - 1 5 ,  the ma-Soar, and the supersonic transport programs, 
i s  creating 8 requirement for additional shop and 1abo.ratory space. 
A t  preseit ,  +,he machine, sheet metal, and welding shops occupy 8,750 
square f ee t  o f  the cEtlibra.cion hanger. It i s  proposed t o  move these 
shops ints the new technical services wing. The vacated area i n  :he 
calibration hanger w i l l  be used t o  house simulators, a l t i tude  t e s t  
chambers, a n d  t e s t  tables for  use i n  the development and tes t ing  3f air- 
c ra f t  in3 trmentcition and control systems. 

Addit3,onaL ~ ? f f i ~ e  space is urgently needed t o  a l lev ia te  existing 
crowded condifJ.orls (an average of only 65 square feet per person) and 
t o  provide wnrking space for  additional personnel t o  be added during 
the f i s c%l  year 1963. 

The additional shop area indicated i n  the drawing w i l l  permit neces- 
sary additions t o  the photographic laboratory, the radio room, data 
processing unitis, and the a i r c ra f t  component shops and laboratori?s, 
other than the heavy-duty type of fabrication and repair  shops, 

COST ESTIMATE: 

B. SITE DEVELOPMENT AND TEILI'I'Y INSTALLATIONS. a *. -. o .  , e e e e $51,000 

Ut5 l i t ; y  connections. , . . , $35,000 
Paving......... e.O...........o............o.. 16,000 

, . , . *. , e e e . . 



FLIGHT RESEARCH CENTER 
FISCAL YEAR 1963 ESTIMATES 

LEGEND BUI LDl NG ADD ITIONS 
A. &*-AI NCW .CPALl&IImAI I tw-mibnL ~ ~ \ l l ~ ~ @  n v WLQ WING 

8. AWITIONAL OFFICE SPACE 
C. ADDITIONAL OFFICE SPACE 
0. ADDITIONAL SHOP AREA 

c1 
k! 

/ 



C l FAC 1:LITY CONSTRUCTION AND MODIFICATIONS l . l . e . . . . l l . $1,201,000 

Exiil.ding. l . (41,705 square feet at 
$28.80 per square foot) l . l . . l l . . . l l $1,20ltOOO 

D. EQUIPNIEXW, ZNSTRUMEJNTATION, AND SUPPORT SYSTEMS.. . . . e .  
--- 

80,000 
_. E. DESIGN AND ENGINEERING ~ ~ c E S e . . . . . . . e . . . e . e . . . . . . . . .  

T o t a l  estimated cost. l l l . . $1,332,000 =- 

CF 4 4 5  



FLIGHT RESEARCH CENTER 

FISCAL YEAR 1963 ESTIMATES 

VISUAL FLIGHT SIMULATOR 

DESCRIPTION: --- 
A f l i gh t  simulator i s  required with the capabilit,y of providing a 

projection of the  outside view, controlled i n  response t o  the p i l l t ' s  
control movements and the performance of the simulated vehicle, t o  the 
p i lo t  i n  a cockpit mochp. The f a c i l i t y  w i l l  include: 

(a) A projection system capable of a bright, controllable, vide- 
angle presentation of ear th  and sky. 

(b) The cockpit, indicator, controls and other f a c i l i t i e s  required 
t o  provide f l e x i b i l i t y  and easy interchangeability of the 
p i l o t ' s  display, f ie ld  of vision, and control system. 

(c) Required electronic equipment t o  modify the present genleral- 
purpose simulator t o  permit solving the problems involved in  
long duration high performance missions. 

JUSTIFICATION --- : 

The su.ccess of a flight research program is c r i t i c a l l y  depen3ent 
upon the provision of proper and adequate simulator equipment. 
basic USE c.f f l i gh t  simulation equipment at the Flight Research Center 
i s  f o r  sx.pgort of f l i gh t  act ivi ty .  
indispenEoatlle i n  the areas of f l i gh t  guidance and planning, data reduc- 
t ion  and ar.alysis, p i lo t  training, development of research procedures, 
and pred.ict.ion of flight characterist ics.  

The 

Simulators have been found t o  be 

The Flight Research Center, at present, has two s t a t i c  simulators: 
These two pieces of an X-15 Eihiulator and a general-purpose simulator. 

equipment, are limited t o  simulation with instrument cockpits, tha t  is, 
blind fl.ying. 
i n  many f'light programs t o  be investigated i n  the  future. Examples of 
such programs are recovery and landing research, navigation and energy- 
management problems, and complete mission simulation. All of these 
programs w i l l  r e ly  heavily on the visual  stimulus of t'he outside environ- 
ment, aril, f o r  adequate simulation, t h i s  outside environment must be 
provided.. The proposed equipment w i l l  provide t h i s  visual-envirclnment 
capabili ty fo r  the present s t a t i c  simulators, and will. thus permit i n -  
vestigat.j.on of a wider range of flight problems. 

This limitation t o  instrument presentat ion i s  unacceptable 



A. 

B. 

C. 

D. 

E. 

FACIII~Y CONSTRUCTION ABD MODIFICATIONS ............. ,313, OOo 

Ilaagar modification.................... 
Projection .......................... =,OOo 

10, OOO 

...... $471j,OOO Total estimated cost -- 

OF4 -B2 



NATIONAL AERONAUTICS AND SPACE ACMINISTRATION 

F I S W  YEAR 1963 ESTIMATES 

CONSTRUCTION OF FACILITIES - 1963 PROGRAM 

GQDIlARD SPACE FLIGHT CENTER 

Page 
No. - 

CF5 -A2 

CF5 -A3 

CF5 -B1 

CF5 -C1 

CF5 -D1 

CF5 - E l  

CF5 -F1 

CF5 -G1 

Location plan 

.Applied sciences laboratory ..................... 
A.ttitude control t e s t  f a c i l i t y  .................. 
C!on.version of dynamic test  chaaber. ............. 
Development operations building ................. 
Lavmch phase simulator.... ...................... 
Spaxecraft operations f a c i l i t y .  ................. 
I!re.cking a d  telemetry laboratory ................ 

Total.  .................... 

$3,175,000 

915 , 000 

3,250 , 000 

1,850,000 

3 , 915,000 

7 , 500,000 

-. 3,175,000. 

CF5 - A l  
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GODDARD SPACE FLIGHT CENTER 
FISCAL YEAR 1963 ESTIMATES 

LOCATION P L A N  
- -  7r 

SPACE PROJECTS BUILDING 
RESEARCH PROJECTS LABORATORY 
CENTRAL FLIGHT CONTROL AND RANGE 

OPERATIONS LABORATORY 
BOILER HOUSE AND ELECTRIC SUBSTATION 
INSTRUMENT CONSTRUCTION AND 

SPACE SCIENCES LABORATORY 
PAYLOAD TESTING FACILITY 
SATELLITE SYSTEMS LABORATORY 
GATE HOUSE 
ENVIRONMENTAL TESTING LABORATORY 
APPLIED SCIENCES LABORATORY 
TRACKING AND TELEMETRY LABORATORY 
SPACECRAFT OPERATIONS FACILITY 
LAUNCH PHASE SIMULATOR 
DEVELOPMENT OPERATIONS BUILDING 

INSTALLATION LABORATORY 



G O D D A R D  S P A C E  F L I G H T  C E N T E R  

F I S C A L  Y E A R  1963 ESTIMATES 

LOCATION PLAN - REMOTE S I T E  AREAS 

NTENNA TEST RAN 

TEST FACILITY 

ATTITUDE CONTROL 
TEST FACILITY 

GODDARD SPA 
FiiGHT CEEiT 

0 2800 

G R A P H I C  SCALE -1 
FEET 
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GODDARD SPACE FLIGET CENTER 

FISCAL YEAR 1963 E S T W E S  

APPLIED SCIENCES LABORATORY 

DESCRIPTION: -- 
It is proposed t o  construct a laboratory consisting of approxi- 

mately 100,000 square f e e t  of f loor  area i n  a ground floor, two 
additi0na.L f loors, and headhouse space. The building w i l l  have a 
monolithic concrete frame and f loor  slabs with face brick masonry 
exter ior  wal.Lse 
slabs .tri l :L be designed t o  accommodate antenna loads. In te r ior  parti- 
t ions w i l l  be of concrete block and movable metal. Offices, laboratory 
work space, and parking areas w i l l  be provided f o r  about; 350 people. 
The b u i l d h g  essent ia l ly  w i l l  be a duplicate of the space sciences 
laboratory with revisions and a l te ra t ions  required f o r  %he new s i t e  
orientation. It w i l l  contain the necessary e lec t r ica l ,  air-conditi oning, 
and vent i la t ion systems f o r  research and development of s a t e l l i t e  py loads .  
Existing ul;i:Lity systems w i l l  be extended t o  the  building and the central  
power plan'; steam generating and ch i l led  water capacity w i l l  be expanded 
as requirt& 
following paage. 

Antenna test  rooms provided i n  the  headhouse and roof 

Drawings of the proposed laboratory a re  shown on the 

JUSTIFICA11IOIl: --- 

This building w i l l  house the additional scient i f ic :  personnel 
required for research and development of instrumentation for spacecraft 
and sounding rockets. Studies w i l l  be made on infra-red. radiation, 
cosmic rays:, meteorites, solar  physics, x-ray radiation, magnetic f ie lds ,  
and other &;eophysical phenomena. 
also inclule  the  development of vehicle-borne computers and the  improve- 
ment of grc)urtd-based computers used t o  derive detailed o r b i t a l  or f l i g h t  
path constants of space vehicles. Special equipment t o  be housed i n  the 
laboratory w i l l  include pa r t i c l e  accelerators, leak detectors, mass 
spectrometer, vacuum and thermal t e s t ing  tanks, balancing equipment, and 
gyro and h>*draulic t e s t  stands 

The functions of t h i s  laboratory w i l l  

The f'irst and second f loors  w i l l  provide laboratories fox stuldies 
i n  the areas mentioned and of f ices  f o r  the research personnel. 
ment w i l l  Flrovide space f o r  building heat, ventilating, and e1ectri:al 
equipment, some equipment storage, additional laboratory and off i c e  
space, and a small electronic instrumentation shop. 

The base- 

(2'5 -A3 
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COST ESTIEYLTE : 

A. 

B. 

C .  

D. 

E. 

SITE I)hWELOPMENT AND UTILITY INSTALLATIONS* * $275,000 

Wate:? :Lines.. .................................. $45,000 
Stemn lines....... ............................. 30,000 
Sanitary and storm sewers. ..................... 30,000 
Electric power and c o m i c a t i o n s  systems...... 70, OOO 
Roads iU1d parking areas........................ 100,000 

milding -- (~OO,OOO square feet 

Additim t o  power plant........................ 100,000 
a c  $2:j.OO per square ~oot). .................. 2,500,000 

Special e lec t r ica l  system for  laboratory use... 
Special air-conditioning fo r  high heat loss  

200,000 

e lec t r ica l  equipment ......................... 100,000 

(Advan.ced design funds i n  the amount of 
$75, CIOO al located from f i s c a l  year 1962 
f ur.ds ) 

Total estimated cost......... &2LD.E2 - 



GODDARD SPACE FLIGHT CENTER 

FISCAL YEAR 1963 ESTIMATES 

ATTITUDE CONTIioL TEST FACILITY 

DESCRIFTI9N : -- 
This  f a c i l i t y  w i l l  provide the Goddard Center with a functional 

a t t i tude  control laboratory comprising two buildings, four  enclosed 
coiicrete pads,, access roads, and u t i l i t i e s  f o r  tes t ing  cornplete 
spacecraXt 'up t o  the size of the orbit ing astronomical observatory. 
LocaiAon fii3,grams and sketches of the f a c i l i t y  are shown on the 
following two pages. 
60 by 60 by 60 f ee t  on a concrete foundation w i t h  all inaterials 
selected for  nonmagnetic properties. It w i l l  be located 1,400 f ee t  
west of the magnetic instruments tes t  laboratory of the magnetic 
f i e l d s  ccmpment tes t  f a c i l i t y  a t  the center of a 9 0  foot  radius 
nommgr,e-tic area acquired on permit from the Department of AgricuLture. 
The oile -,story controls building w i l l  be of nonmagnetic construction 
30 by 60 felat, w i t h  a f u l l  basement, and w i l l  be located between the 
c o i l  bui.L3ing of the a t t i tude  control test f a c i l i t y  and the magne-l;ic 
i i l S t r m j n t S  t e s t  laboratory of the magnetic f i e l d s  component t e s t  
Tacil i ty . 

The c o i l  building w i l l  be of frame construction, 

The snclosed pads w i l l  be within the nonmagnetic ;%rea remote from 
a l l  other buildings and w i l l  house reference standard magnetomete:i.*s 
placed 0:1 13 foot square, nonmagnetic, concrete pads with 8 foot 
high wooden frame sheds over them. 
t o  connect the controls building and the c o i l  building w i t h  the mtgnetic 
f i e lds  component t e s t  f ac i l i t y .  
se condacy roads. 

All-weather roads w i l l  be pro'rided 

Access t o  the pads wi.11 be by 

Electr ic  power w i l l  be furnished from the substation i n  the 
control and service building of the magnetic f i e lds  component t e s t  
f ac i l i t y .  A stationary compressor plant  w i l l  be insta.Lled i n  the 
building t o  furnish compressed air for shaf t  power i n  the c o i l  
building of the a t t i tude  control t e s t  f ac i l i t y .  
i n  the co i l  building will include a spherical co i l  system 40 f e e t  
i n  diameter. 
c ra f t  handling. 
t o  drive positioning f ixtures  for changing spacecraft orientation 
and for .moving instruments used t o  survey f i e l d  contours surrounding 
the spaczcraXt. 

Research equiprne:it 

A pneumatic overhead hois t  w i l l  be provided for spa:e- 
Pneumatically energized shaft  power w i l l  be avai Lable 

Test operations w i l l  be conducted i n  the controls building which 
w i l l  provide adequate space for experimenters equipment i n  add i t im  
t o  f a c i l i t y  control. Control console, current regulators, monito:ring 
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G O D D A R D  S P A C E  F L I G H T  C E N T E R  
F I S C A L  Y E A R  1963 E S T I M A T E S  

ATTITUDE CONTROL TEST FACILITY 

.0. C O I L  

COIL BUILDING 
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CONTROLS BUILDING 
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in&ica.tors, and associated electronic equipment w i l l  be housed i n  
the co:ntrols building. Primary power will be obtained from Batteries 
and 'battery chargers located i n  tbe control and service building of - tht  
magnetic f i e l d s  components t e s t  f ac i l i t y .  

JUBIIF'ICATION: --- 
Techniques ror  a t t i tude  control and space navigation whkh are 

eitlner deliberately o r  unavoidably influenced by magnetic e f fec ts  
must be developed and refined. The proposed f a c i l i t y  i s  reqirired 
r o r  the evaluation of the a t t i tude  control characterist ics o:t 
sc ien t i f ic  spacecraft. Meteorological s a t e l l i t e s ;  geophysic,al, 
soLEtr, and astronomical observatories; space probes; and other pro- 
grams w i l l  benefit  from the following capabi l i t ies  t o  be prmided 
by t h i s  f ac i l i t y :  

Measurement of the magnetic signature of large, 
flight configuration spacecraft. This feature 
w i l l  be unique in  the proposed f a c i l i t y  w i t h  
regard t o  the size of payload that can 'be 
mapped and t o  the precision of measurements 
that can be made. 

Calibration of instrumnts  over all ranges of 
interest when mounted in flight orientation 
within the influence of spacecraft induced fields. 

Electr ical  rotation of the f i e l d  about a 
stationary spacecraft t o  pe rmi t  evaluation of 
magnetic spin damping torques without the 
use of a large vacuum vessel and special  air 
bearings. 

E lec t r ica l  spin simulation t o  permit measurement 
and correction of the magnetic moment which 
causes precession and mutation of spin s tabi l ized 
space craft, and guidance devices . 

B. SI:TE DEVEIxlpMENT AND UTILITY INSTALLATIONS. 
Water 
Electr ic  power and c o m i c a t i o n s  

G a s   lines.................^....^....... 
Pneumatic system li-nes.........o.l...o. 
Roads and parking areas................ 
Fence repairs and additions.o.......... 
Grading and  clear^................... 

systellls...........*.*..............*. 

.......... $15k,OOCl 
$ ~ , O O o  



C . FACILITY CONSTRUCTION AND MODIFICATIONS. ............ $320,000 

Coil building. .. (3,600 square f ee t  
$160,000 

Norimqpetic crage.................... 20,000 
Controls build'ing. .. (3,600 square 

120,000 
Enclosed ~ B d s . . . . . . . . . . . . . . . . . . . . . . . .  20,000 

at $44.00 per square foot) ......... 
fee t  at  $33.00 per square foot) .... 

D. EQJJTPMENT, INSTRUMENTA!MON, AND SUPPORT SYSTEMS..... 381,000 

40 Foot spherical coil.. ............. 156, OOo 
Payload and i n s t m n t  positioner.... 35,000 
Magnetometers and reference standards 60,000 
Control system and power supply...... 130, OOo 

E. DESIGN AND ENGINEERRE GE~C~....r....o...*....... 60,000 

Coil &si@;n.........................o 15,000 

design............................. 15,000 

selcvices . . . . . . . . . . . . . . . . . . . . . . . .~ . .  30, ooo 

Control system and !power supply 

Architectural and engineering 

Total estimated cost................ $915,0008 

CF5 -135 



GODDARD SPACE FLIGIE' CENTER 

FISCAL YEAR 1963 ESTIMATES 

CONVERSION OF DYNAMIC TEST CHAMBER 

DESCRIFTICIN: -. 

This prcject proposes the conversion of the  Dynamic Test Chamblsr 
t o  a Space Simulator. In  order t o  effect  the conversion, it w i l l  bls 
necessary t o  clean the chamber and add a solar simulator t o  the re- 
movable head. Liquid nitrogen cooled curtain walls w i l l  be installlsd 
within the vessel t o  provide a dark space heat sink.temperature l e s s  
than lOOoK when the  solar simulator i s  i n  use and t o  provide programmed 
w a l l  temperatures between - 6 5 O  and +lOO°C when the  solar  hulato tor IS 
not i n  use. 
twenty-five diffusion pumps w i t  baffles, and w i l l  incre'ase the pre3ent 
vacuum fron. 1 m Hg t o  l x 10 -& mm Hg. Additional stages of mechaiiical 
pumping w i l l  be added t o  existing pumps. 
panels w i l l  be instal led t o  complete the vacuum system. 
substation w i l l  be modified t o  provide 1000 kilowatts of additional 
power e 

The vacuum system w i l l  be extended by the  addition of 

Approximately f i f t y  heliujn 
The e%isti;qz, 

JUSTIFICATION --. : 

The sFace environment f a c i l i t y  approved fo r  construction durirq3 
the f i s c a l  yeas 1962 is  comprised of two s ta inless  s t e e l  vacuum ves,sels 
35 fee t  i n  diameter and 60 fee t  high tha t  a r e  duplicates i n  mechanical 
design. The primary difference between the chambers is  that one 
chamber, t h e  space environment simulator, contains a so lar  simul.ato:i: i n  
the top and nitrog n-cooled curtain w a l l s  and is  capable of produciiig a 
vacuum of 1 x .LO -' mm Hg; the dynamic t e s t  chamber does not contaiii 
these additional features and produces a vacuum of only 0.1 mm Hg. 

The space environment simulator i s  used i n  spacecraft tes t ing 
which involves the effects  of solar radiation and the co.ldness of outer 
space i n  combination with the vacuum environment. The dynamic test  
chamber i s  used for t e s t s  i n  which air resistance i s  of importance such 
as  dynamic balancing, spin-up tes t s ,  solar paddle erection, and vib:?a- 
t i on  t e s t s .  'This chamber w i l l  continue t o  have t h i s  capability a f t e r  
i t s  conversion t o  a space environment simulator. 

The workload generated by the orbit ing astronomical and geophysical 
0bservator;y programs w i l l  overload the present solar sirnulator t o  the 
extent tha t  o.ne simulator w i l l  no longer be sufficient t o  carry the  
en t i re  worklo,ad. It i s  estimated that the two solar simulators w i L  be 
i n  use i n  exceess of 40 percent of the time available on 2% 24 hour a day 
operating ,schedule . 



COST ESTIbWE : --- 

lBqlasd.ed e lec t r ic  and cooling 
tc1we.r water services.. ....................... $120,000 

Vacuuni system.................................. 750,000 
Solss optics and lamps......................... 715,000 
So1a.r power supplies, starters, and w i r i n g .  .... 360,000 
Penetrations and plenum.......... .............. l25,OOO 
Cryrlgenic pumping system..............o~..~~~.. 250,000 
Heat, transfer system.. ......................... 650,000 
Instmmentation.. .............................. 280, 000 

Total estimated cost.. ....... $3,250,000 - I 
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GODDARD SPACE FLIGHT CENTER 

FISCAL YEAR a963 ESTIMATES 

DEVELOPMEXI' OPERATIONS BUILDING 

DESCRIPTD!I: 
This building w i l l  be o f  s t e e l  frame and masonry constructiori., a i r -  

conditioned and humidity controlled, and w i l l  provide approximate1.y 
70,000 square feet o f  floor area on one floor, 
space and parking area fo r  100 people. 
space f o r  a magnetic tape library, an instrument loan and repair  f'acil- 
i ty ,  and i2 $clean area for  a s a t e l l i t e  holding f ac i l i t y .  
include ct:n area fo r  shipping and receiving functions, 
building are shown on the following page., 

X t  w i l l  provide wclrk 
In addition, it; w i l l  provide 

It w i l l  a.lso 
Sketches of' the 

JUST1%Ic3rYPION :: --- 
This bdilding w i l l  provide space fo r  a magnetic tape library, an 

instrumeilt loan and repair  fac i l i ty ,  a s a t e l l i t e  holding fac i l i ty ,  and 
an ayea :PIX shipping and receiving functions, 

Magnetic tape, both blank tape and tha t  on which data has been re -  
corded, .reqxi.res storage in a temperature-humidity controlled are€. t o  
avoid damsge. 
and puns the constant r i sk  o f  damage. 

This tape i s  presently stored i n  work space and ha:.lways, 

A t  present, there i s  no central  location f o r  instrument loan and 
Ibis s i tuat ion i s  l ike ly  t o  lead t o  duplication i n  %he procure- repair ,  

ment of instruments and i n  %he fragmentation of the Center's inst~~umen-t; 
repair  Ciawbili&yo 

A s.pacecraft and spacecraft component holding f a c i l i t y  1 s required 
for the storage o f  spacecraft awaiting t e s t  e i ther  prior t o  launch, for 
follow-up shots, o r  while awaiting tests i n  various stages of manufac- 
tu re  pr ior  to  acceptance. 
spaeecraft components awaiting integration into spacecraft e A clcan 
room condition i s  required i n  %his area both for the normal. stnra(:e of 
these units and. because of the periodic inspections which must be made 
to assure launch ready capability o f  the components and the spacecraft. 

Storage space i s  also required for vax.ou6 

Shipping and receiving space i s  urgently required %o provide 
service for 'both local  and world-wide log i s t i c  support sequiremen1;s. 
The present f a c i l i t i e s  at the Goddard Cen%er are a t  the satmatioil 
point. 'The proposed building being located within the Center com?I.,ex 
w i l l  avoid the waste of manpower and transportation equipment u t i l i zed  
i n  traveling t o  rented space currently u t i l i zed  f o r  the storage, shipping, 
and receiving functions 



G O D D A R D  S P A C E  F L I G H T  C E N T E R  

F I S C A L  Y E A R  1963 E S T I M A T E S  
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DEVELOPMENT OPERATIONS BUILDING 
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B. SITE JI2XEXk3mNT AND UTILITY INSTALLATIOMS.. ............ $250,000 

Wabr l i -nes . . . . . . . . . . . . . . . . . . . .* . . . . . . . .  $25,OOo 
Stetun ligef............................. 15,000 
Sari:itruy and stom sewers. .............. a, 000 
Elc!c:ti:ic power and communications systems 50, 000 
Adc1:it:ional equipment for central power 

p h n t  ................................. 40,000 
Rocttls and parking areas.. ............... 95,000 
G r t u l i n g ,  clearing, and seeding.. ........ 5 ;I 000 

C . FACIIiITY CONSTRUCTION AND MODIFICATIONS. ............... 1,4'75,000 

Bu:i:L&i.ng : 
:LIS 000 square feet of office space at  

!j5,000 square feet of open work and 
$:25.00 per square foot.. ............ 375 ,, 
storage space at e0.00 per square 
f3ot.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,100,000 

--- D. EQUCFW.NT, INSTRUMENTATION, AND SUPPORT SYSTEMS.. ...... 
E. DESIGN .AND E N G I N E E a G  SERVImS.......O................ 1.25,000 

-I 

Total estimated cost..  ....... $1,8;50,000 



GODDARD SPACE FLIGHT CENTER 

FISCAL YEAR 1963 ESTIMATES 

LAUNCH PHASE SI-OR 

DESCRIPTION: 

This project provides for the  construction of a combtined environ- 
ment facili.t;y t o  be employed i n  the  t e s t  and qualification of sc ien t i f ic  
unmanned spiccxraft. 
spacecraft of the Centaur c lass  and smaller t o  r e a l i s t i c  simulation 
of the s i g n 9  icant temperature and acceleration-spin-vacuum. 

The f a c i l i t y  w i l l  be capable of subjecting 

The fac:i:iity w i l l  comprise a t e s t  capsule mounted on a 65-foot 
radius rotating arm, a prime mover system, related envircmmental 
systems and support equipment, and an operations building. Spacecre.ft 
w i l l  be mounted within the  test  capsule and subjected t o  steady state 
acceleratioii :Loads result ing from centrifugal action as the arm rotates.  
The length of the arm i s  dictated by the  s ize  of s p c e c r a f t  t o  be tes ted 
i n  the f a c i l i t y  and by the m a x i m u m  acceleration gradient produced al.ong 
the thrust  axis of the spacecraft under test tha t  i s  consistent w i t h  
r e a l i s t i c  t w t i n g .  It w i l l  be possible t o  t e s t  specimens 10 feet  i n  
diameter an3 1.5 fee t  i n  length with an acceleration gradLent of 20 
percent. The f a c i l i t y  w i l l  furnish 30 g's  acceleration f o r  spacecrtift 
weighing q p  t o  8000 pounds and 50 g f s  f o r  spacecraft of 1000 pounds 
and less .  Vfbratory excitation w i l l  be imposed simultaneously with 
steady s t a t e  acceleration by means of an electronically controlled 
vibration shaker system with the vibration shaker located near the out- 
board end (3f the capsule a t  the spacecraft mounting inte:rface. A spin 
table, that can be employed interchangeably with the vibration shaker, 
will be included fo r  tes t ing small spin stabil ized spacecraft. The t e s t  
capsule w i l l  serve the dual purpose of a vacuum vessel and a streamlined 
aerodynamic shroud. Its design w i l l  eliminate transverse wind load3 on 
the specimen and mini 

for combined environment t e s t s  and t o  eliminate mechanical effects If 
the atmospkere on spacecraft under spin t e s t .  
mechanical i~a,cuum pumps w i l l  be employed f o r  evacuation. 
capsule w i l l  be designed t o  accommodate in te r ior  mounting of radiant 
heating a n d  cooling elements f o r  use when t e s t  programs require simula- 
t ion of the t4emperature environment encountered during launch. 
temperature extremes w i l l  be from - 6 5 0 ~  t o  l O @ C  w i t h  provisions fo r  
localized heahing t o  higher temperatures. 

ze the power required t o  overcome aerodynami.2 
drag. A vacuum of 10- % Hg w i l l  be achieved within the  t e s t  capsule 

H i g h  performance 
The t e s t  

The 

0pera;i;ion of the f a c i l i t y  w i l l  be conducted i n  an clperations building 
located ac1;jac:en.t t o  the simulator area. 
useable area of approximately 10,000 square f ee t  fo r  supporting services, 
spacecraft; staging, t e s t  control, and monitory ac t iv i t i e s  e 

requiring direct  t i e - i n  with the simulator w i l l  be locaked i n  an 
enclosure r;w:rounding the hub of the simulator. 

This building w i l l  provide a 

Equipment 

The simulator w i l l .  be 
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G O D D A R D  S P A C E  F L I G H T  C E N T E R  

F I S C A L  Y E A R  1963 E S T I M A T E S  

LAUNCH PHASE SIMULATOR 



set i n  a co~icrete p i t  whose side walls w i l l  provide safel;y protection. 
The facili-f;;f w i l l  be designed f o r  a l l  weather operation. 
acquisition will be coordinated with the automatic data processing 
system of the Goddard Center. 
simulator w e  shown on the preceding two pages. 

Data 

Drawings and sketches of the launch 1)hase 

The ever -increasing complexity, size, and missions of sc ien t i f ic  
spacecraft ciiictates the need for a t e s t  f a c i l i t y  that wi:L1 permit the 
straightforward and accurate determination of a l l  signlficant fa i lwe  
inducing ef:lects actually encountered during the launch phase of sprLce 
fl ight.  
confidence :in spacecraft launch integri ty  f o r  the NASA missions scheduled 
during the period 1964-1970 and beyond, such as the geophysical, 
meteorologj.c:a:L, and communication s a t e l l i t e s  and space observatories. 

The f a c i l i t y  i s  needed t o  secure the highest possible leve:. of 

Scienl;:if :ic s a t e l l i t e s  and space probes encounter severe exposwe 
to  failure :inducing s t resses  during launch. During this period they 
are subjec1;ed t o  the effects  of simultaneously imposed acceleration, 
vibration, ]?ressure change, and temperature change. The stress patterns 
produced th:-oughout spacecraft during launch are so comp:Lex that pre - 
diction of :;yr:tem performance under these conditions i s  not amenable t o  
a theoretic:al approach. Developmental tests of system p ro to tnes  and 
proof test:; of actual spacecraft intended for  f l ight  are therefore 
required. 

Curren-; :Laboratory techniques f o r  tes t ing the a b i l i t y  of spacewaft 
t o  survive :Launch employ single environment simulation equipment. 
equipment <:im~o-t; impose the additive stresses and interactive environ- 
mental effects  actually encountered during launch. 
effects  are a:; follows: 

Such 

Examples of these 

(a) A :;pacecraft structural. meniber, such as a pressure vessel, 
successfully surv ive  consecutive exposure t o  acceler- 

al;:Lon, vibration, vacum, and temperature yet f a i l  due -to 
sl;:?e:;G additions occurring when these same environments a r e  
inposed simultaneously. 

(b) M c x t  vibration failures are associated with resonance phe- 
ncrnena. However, system resonant frequencies can be s ig-  
ni:?ic:antly modified by superimposed steady-state acceler - 
ation. 

( c) "kit: simultaneous application of steady-state acceleration 
and :?educed pressure such as encountered during upper stage 
p~:opulsion can cause corona o r  other e lec t r ica l  malfunction 
diu? -GO small displacements of conductors or  relay contacts, 
Th:is phenomenon may not be disclosed during single environ- 
m m t  tests. 

CF t;-E4. 



(d) Steady-state acceleration can preload vibration isolators  
so as t o  diminish their effectiveness and can displace 
isolated elements t o  the extent of causing violent impact. 

These effects can be pa r t i a l ly  counteracted by the loverdesign of the 
spacecraft and by overtesting. 
can negate an en t i re  mission; they may also resu l t  i n  an excess of 
s t ructural  mass with an attendant sacrifice i n  capacity t o  carry fwictional 
sc ien t i f ic  zxperiments. 

However, they do remain iFtS elements that 

With t h e  coming generations of large and complex sc ien t i f ic  space- 
craf t ,  the p m b l e m  of resolving these effects becomes so great tha t  
verification can best be conducted by ground-based r ea l i s t i c  simulation 
of the coml:,inlzd launch environments. 
t h i s  requi:r3ment. Although single environmental tes t  equipment wi.Ll con- 
tinue t o  be v i t a l l y  important t o  diagnostic development effor ts ,  the 
launch pha,;~ simulator will be capable of revealing effects not attainable 
i n  any other .way. 

The proposed f a c i l i t y  will f u l f i l l  

COST E S T I M A E :  

--- A. LAND Al:aUISITION ........................................ 
B. SITE DISVELOPMENT AND UTILITY INSTALLATIONS .............. $251>,OOO 

c i t y  water l ines. . . . . . . . . . . . . . . . . . . . . . . . . . .  $10,000 
Chil.led water lines......................... 15, ooo 
S tem and condensate return lines... . . . . . . .  15, ooo 
Sanitary and storm sewer lines............. 10,000 

RoadS...................................... 60,000 
C1ea:ring and grading ....................... 15, ooo 
Electric power and communications systems.. 125,000 

C. FACIU'17Y CONSTRUCTION AND MODIFICATIONS.. ............... 903,000 

Operations building. .. (10,000 square 

Simulator enclosure... 4. 32,000 square 
f e a t  a t  $20 .OO per s uare foot).  ......... 200,000 

640,000 
Special foundations........................ 60,000 

feet a t  $20 .OO per square foot) .......... 

D. EQUIPMZNT, INSTRUMENTATION, AND SUPPORT SYSTEMS.... . . . . .  2,69'5,000 

Prime mover (package uni t ) .  ................ 1,395,000 
Arm ,and counterbalance..................... 29O,OOO 
Operations controls.. . . . . . . . . . . . . . . . . . . . . . .  230,000 
Data handling equipment........"........... 100,000 
Vibrating table............................ 330,000 



Spin t;able............................... 
Vacuum p u m p s . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aerodpeunic capsule...................... 
TempemAure conditioning................. 

E. DESIGN fd I )  ENGINEERING tSERVIES. . . . . . . . . . . . . . . . . . . . . . . . .  $7Cl,OOO 

( A n  ai1dji.tiona.l. $85 OOO has been allocated 
frcmi f i s c a l  year 1962 funds) 

Total estimated cost .............. $3,912,,000 -- 



W D A R D  SPACE FLIGHT CEMlER 

FISCAL YEAR 1963 ESTIMATES 

SPACECRAFT OPERATIONS FACILITY 

DESCRTPTI:(XJ : 

A :;!?acecraft operations f a c i l i t y  i s  proposed fo r  construct icln 
as an adttition t o  the central  flight conCm1 and range 
operations :Laboratory. 
m t e l y  70,000 square fee t  of f loor  area i n  a basement a d  two floclrs . 
The builtling w i l l  be of concrete and s t e e l  frame with face brick 
masonry e:lrt;t?rior w a l l s  similar t o  the existing building and w i l l  'ce 
designed YO accommodate heavy antenna loads i n  the  roof:. Office, work 
space, mid p r k i n g  area w i l l  be provided f o r  approximately 150 pecple. 
The builtl:lng w i l l  provide space fo r  c r i t i c a l l y  needed data reducti on, 
control ceni;er, computation, and communications equipment which i E  
included in the project. Because of the special  demands of t h i s  type 
equipmenl; , around-the-clock, all-season a i r  conditioning w i l l  be 
provided, :In addition, special  e l ec t r i c  power and mechanical services 
w i l l  be 1.ro-lrided f o r  the data handling eqaprnent and related laboratory 
area. 
page 

The new f a c i l i t y  w i l l  consist of approxi- 

A ~kawtwing of the proposed f a c i l i t y  is  shown on the following 

W5.4'~ expanding requirements i n  the  tracking anti data 
acquisitiim areas make necessary the procurement of additional &%a 
reduction, Icomputation, and communications equipment. As itemized 
i n  the  cost estimate at  the end of t h i s  project write-up, $5,000,000 
of the to'ba.1 project cost of $7,500,000 is  required fo r  equipment 
procurement. The existing f a c i l i t i e s  at  the Goddard Center a re  
currently overcrowded; ha l l  areas are  being used f o r  tape and equip- 
ment stomge; the lack of space f o r  ins ta l l ing  additional equipment 
i s  causing lata reduction ac t iv i t i e s  t o  f a l l  behind r e a l  time; ant1 
additional space must be provided i n  time t o  permit the ins ta l la t ion  
of equipment required fo r  the support of advanced f l i gh t  missions. 
A more detailed discussion follows of the  major equipment and 
instmeintat ion items included i n  t h i s  project. 

A .L%rge scale d ig i t a l  data processor i s  r equ i r ed to  accept 
the outpiit (of the  digi t iz ing systems and t o  perform editing, o rb i t  
merging, and data reduction functions. Heretofore, these functions 
have e i ther  been done by hand o r  not at all.  The newer satel l i ter ;  
w i l l  be *xing  advanced telemetry systems which are adaptable t o  
automatiz data processing. 
of data which can only be reduced through the use of the large scctle 
d ig i t a l  'data processor. The small scale d ig i t a l  data processor w:i.ll 
augment the existing capability and is  required t o  handle the expccted 
increase i n  volume of data t o  be processed. 

They will produce tremendous quantiticts 
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GODDARD S P A C E  F L I G H T  C E N T E R  

F I S C A L  Y E A R  1963 ESTIMATES 

SPACECRAFT OPERATI ONS FACILITY 
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Tbe tape evaluation equipment w i l l  be added t o  the existing 
f a c i l i t i e s  t o  permit rapid and current evaluation of the analog 
tapes received from the world wide data acquisition networks. 
analog t c  d ig i t a l  conversion equipment. w i l l  be used fo r  establishing 
the capakilit,y for  real time data processing. Research and develop- 
ment i n  t h i s  area has shown that t h i s  mode of 0peratio.n can produ1:e 
large savings i n  time and manpwer. This equipment is  essent ia l  r o  
the programs Involving the use of orbit ing solar and geophysical 
observatories. 

Tha 

The pcinters, p lo t te rs  and electronic accounting machine 
equipment w i l l  be used as input/output peripheral equipment f o r  both 
the large and 'small scale d ig i t a l  data processors. They are  requ:t.red 
as a meam s~f rapid presentation of reduced data t o  the experimen1,ors 
and w i l l  zu,gment the present capability. 

The purpose of the advanced control center is  t o  provide suitable 
f a c i l i t i e s  for monitoring the ac t iv i t ies ,  and controlling the 
operation, of a l l  spacecraft and a l l  ground instrumenta,tion f a c i l i -  
t i e s  f o r  vh.ich Goddard Space Flight Center has responsibility. 

Wa:LL displays i n  &he central  control area w i l l  consist mainly 
of graph:Lca.l and tabular information. 
generated by means of plot,ting projection equipment driven i n  real-  
t i m e  by EL d ig i t a l  computer. 
display 02 h.unch t ra jectory and orb i t  ground trace. 
mation stich as setwork and spacecraft schedules, must be capable cf 
f lexible  rind rapid selection and updating. Projectxion TV equipment 
wi91 be driven 'bay a drum memory storage fed by a digita, l  comput?er. 
Other ~ ~ E ~ J X L E L Y S  i n  the central  area w i l l  show network and spacecraft 
status; cc)imtdm and Greenwich mean t i m e ;  and other data of general 
interest ,  11 closed circuit '1Iv system, with monitors located In the 
central  cont,rol roomp the project control rooms, and at remote 
locations, ~117. be used to provide informatdon such as Cp,ountdown 
status, cperational summaries, and data messages. A f lexible  in- 
formation di: stribution sys-bem, employing voice and closed-circuit 
aV, w i l l  3 . m k  the central  control, room, project rooms, equipment and 
comphltatirg rooms, and the communications center. 

Graphic information w i l l  be 

This type of system is  sui.table f o r  
Tabular infcr- 

The type of data dipsplayed i n  the project control rooms and 
the contscll f a c i l i t i e s  made available these, dl1 vary considerably 
from proJec1; t o  project. Some of the information displsyed i n  these 
rooms w i l l  be processed locally, but &%a requiring a Lzrge computzr, 
o r  data which i s  selected from %be more general display i n  the eemra l  
area, w i l l  be generated i n  a central  computing f a c i l i t y  and remoted 
via buffers as requiredo 



The raajor computational workload i s  handled by t'he use of 
ren ta l  E:quipment. However, certain specific items of equipment 
are requ:.red for  f u l l  computational e f for t  i n  a proprietary manner 
incompat,:.ble t o  the use of ren ta l  equipment. A high speed Printer  
f o r  off -.Line production of specialized data, world map print-outs, 
orbi t  det;eimlnation, and theoret ical  work w i l l  be used. fo r  specific 
tracking; arid data requirements wherein considerable development 
modifications of input-output methods a re  involved. The use of 
coordinake, x-y and rec t i l inear  plot t ing equipment f o r  visual data 
producticm w i l l  a lso be used i n  t h i s  sane area of endeavor. 

Prc:li.minary requirements f o r  the expanded cornmunications 
center irtdi.cate the  need fo r  audio and video magnetic tape recordizrs, 
a comun.i.ca.t ions supervisory control console, and a microwave teriainal 
Two video magnetic tape recorders w i l l  be needed f o r  recording te le -  
vision -pi.ct,ures from future Nimbus s a t e l l i t e s  and for transmittin(3 
and receiving television pictures from communications sa t e l l i t e s .  
Future requirements w i l l  involve the Apollo and other .manned spacs- 
craf t  prcl jects.  

Three multi-channeled audio magnetic tape recorders w i l l  be 
provided t o  make recordings of the voice channels used i n  the world- 
wide tracking networks. 
t o  f a c i l i t a t e  network control, present network status, and activa'1;e 
trouble alarms. Future communications systems w i l l  eqploy wide band 
data channels. Due t o  the wide bandwidths involved, t h i s  data can 
only be brought into the Goddard Center by microwave equipment. !:he 
Nimbus Project w i l l  be one of the first t o  require the,se bandwidths. 

A supervisory control panel w i l l  be required 

COST ESTIMATES: ---- 

A. LAND ACQUISITION.. .................................. 
B. SITE DEVELOPMENT AND UTILITY INSTAILATIONS.......... $400,000 

Water :lineso......................... $25,000 
Steam lines.......................... 15,000 
Sanitary and storm sewers.. .......... 10,000 
Coinmunications and e lec t r ica l  

pDwer systems...... 80, ooo 
Pa:rking area....*.................... 60,000 
Road 4dLterations..................... 10,000 

Addition t o  central  power plant...... 150, ooo 

.............. 
Addition t o  emergency power system.. . 50,000 

C. FACTLITY CONSTRUCTION AND MODIFICATIONS............. 1,g50,000 

h i  lding. .. (70, 000 square feet 
a t  $28.00 per square foot).  e . e 1, 950, 000 
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D. EQUIPMIIm, INSTRUMENTATION, AND suppoRT SYSTEMS.. ...... $5,000, OOO 

Data :reciuction equipment: 
La133e scale d ig i ta l  data processor.... 
Small scale d i g i t a l  data processor.... 
Tape waluation equipment. ............ 
Antilog t o  digital  conversion equipment 
Priiitt:rs, p lot ters ,  and electronic 

ztc count ing machine equipment. ....... 
Control centers: 

Dispk~.y projection equipment. ......... 
BW:?er equipment. ..................... 
Inforrnation dis t r ibut ion system. ...... 
DigittiL and s t a t i c  display equipment 
Conr;o:Les, l ight ing control, screens, 

c:ctb:Les, checkout, and repair 
equipmnt ........................... 

H i g h  speed pr inter .  ................... 
P1ol;tetr. .............................. 
Villtto tape recorders.................. 
Magnet;ic tape recorders, voice........ 
Conanmications control board.. ........ 
Mic!~*owave terminal equipmenz. ......... 

Comptt%ai;ion equipment : 

Communications equipment: 

$1,500, ooo 
600,ooo 
200,000 
500,000 

200, an 
600,oc)o 
250, ocn 
455, oco 
107, oco 

100, oco 

150,000 
9 0 , m  
20, OOO 
128,000 

Total  estimated cost............. 



GODDARD SPACE n I G H T  CENTER 

FISCAL YEAR 1963 ESTIMATES 

TRACKING AND TELEMGTRY LABORATORY 

DESCRIFTICN -- 
This project covers the construction of a laboratory consisting 

of approxinlately 100,000 square f ee t  of f loor  area i n  ground floor, 
two additicmtl. floors, and headhouse space. The building w i l l  have a 
monolithic concrete frame and f loor  slabs with face brick masonry ex- 
t e r i o r  wal3.s. 
slabs w i l l .  be designed t o  accommodate antenna loads. Inter ior  parti- 
t ions w i l l .  be of concrete block and movable metal. Offices, laboratory 
work space, and parking areas w i l l  be provided f o r  about 350 people. 
The building essent ia l ly  w i l l  be a duplicate of the space sciences 
laboratory with revisions and al terat ions required f o r  the new s i t e  
orientaticn. It w i l l  contain the necessary electr ical ,  air-conditiming, 
and ventila.tion systems fo r  research and development of electronic 2nd 
opt ical  tra.ck.ing and telemetry equipment. Existing u t i l i t y  systems w i l l  
be extended. t o  the building and the central  power plant steam gener'2ting 
and chilled. water capacity w i l l  be expanded as required. 
the proposed laboratory a re  shown on the following page. 

Antenna t e s t  rooms provided i n  the headhouse and roof 

Drawings D f  

This building w i l l  house the additional sc ien t i f ic  personnel 
required f c r  research and development of ground support instrurnentakion 
fo r  tracking and data acquisition systems. 
optimum transmission, modulation and detection systems, low-noise 
preamplification systems, cryogenics for  high capacity data reduction 
systems, szlacecraft ground control systems, ultra sensit ive antenna 
systems, ortimum feed and multiple feed antenna systems, antenna drive 
systems, timing systems and VLF propagation studies. The functions of 
t h i s  laboratory w i l l  serve t o  develop and improve new and existing 
tracking and data acquisitions ground support systems. 

Studies w i l l  be made on 

The first and second f loors  w i l l  provide laboratories fo r  studies 
i n  the  areas mentioned and off ices  f o r  the  research personnel. 
basement w i l l  provide space fo r  building heating, ventilating, and 
e l ec t r i ca l  equipment; some equipment storage; additional laboratory and 
office space; and a small electronic instrumentation sho:p. 

The 



GODDARD SPACE F L I G H T  C E N T E R  

F ISCAL Y E A R  1963 ESTIMATES 
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COST ESTIMgE: 

B. SITE DEVELOPMENT AND UZUITY INSTALLATIONS- 0 $q5,00(3 

Water lines.. .................................. $45,000 
Steam lines.................................... 30, ooo 
Sanitary and storm s ~ e r s . . . . . . . . . . . . . . . . . . . . . .  30, OOo 
Electric power and communications eystems...... 70, mo 
Roads and p r k i n g  are as....................^... 100,000 

FACILITY CONSTRUCTION AND MODIF’ICA!T!IONS. . . . C. 2,600,000 

Building -- (100,000 square fee t  
ct $25 .oo per square foot) ................... 2,500, 000 

Addit im t o  parer plant. ....................... 100,000 

D. EQUIP:MENI!, INSTRUMENTATION, AND SUPPORT SYSTEMS. 300,000 

Special e lec t r ica l  system f o r  laboratory use- . 200, OOO 

e.lectrica1 equipment......................... 100, 000 
Special air-conditioning f o r  high heat loss 

(Adwinced design funds i n  the amount of 
$715,000 allocated from f i s c a l  year 1962 
fullas) 

..... 

Total estimated cost. ......... $:j,175,000 
-I I 
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NATIQNAL AERONAUTICS AND SPACE ALlMINISTRATIQN 

FISCAL YEAR 1963 ESTIMATES 

CONSTRUCTION OF FACILITIES - 1963 P R Q G I ~  

JET PROPULSION LABORATORY 

Locat ion plan 

Addition t o  fabr icat ion services building.. ..... 
D a t a  operations and command f a c i l i t y  ............ 
E:ngineering mechanics building .................. 
Allditions t o  materials research laborator ies . . . .  

Tslecammunications laboratory ................... 
U t i l i t y  instal la t ions. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total....... .............. 

$60 5,000 

2,420,000 

3,045,000 

610,000 

2,860, OC~O 

820,000 

- $LO, 360,ooo - 
- 
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ROPOSED FISCAL YEAR 1963 F A C U U  
END 
KA XU! 
1 TELEcoyIuMCATIONS LABOIATORY 
I DWNE!3lWG YEUIANICS BJILDIYG 

0 ,%mTICUS TO MATERIALS RESEARCH LAIOPATTM1IES 
I D4TA OPERATIONS LNO COMMAND FACILITY 
F UTILITY INSTALLITIONS 

c AWITION m FABRICATION SERVICES nsiiLolNb 

SYMBOL LEGENC 

0 LXISTILG FACILITIES 

FACILIIIES 4UTHORIZEO LNO 
UNDER CONSTRUCTION (1'*59-W~ 

FACILITIES 4UTUMIlZEO BND 
UNDER CONSTRUCTION ( 1  3621 = FAClL lT lES PRWOSED I N  
1963 PROCIRAY 

I a  

I 

JET PROPULSION LABORATORY 
F I S C A L  YEAR 1963 ESTIMATES 

LOCATION PLAN 

\ 

/ 

CITY OF PWAOENA WATERSWEO 
~ (RIGGED TERRYN) 

\ 

183 COOLlNG TOWER ............. , . .E-¶ 
165 COOLING TOWER ................ 0-6 
16F COOLING TOWER ................ 0 -~ 

D-7 170 F48RICATION SHOP 

182 BUS STOP SHELTER ............ .F-4 3: gjZ&tk fgNf:&?. C-6 .......... . D . 6  
185 GUIDED MISSILE ENliR ANNEX. ..... .C-5 
116 SP4CE SCIENCE LAt l  8-7 
le7 CUEHICAL STORAGE ........... 



--- 
I- JET PROPULSION LABORATORY 

F ISCAL YEAR 1963 ESTIMATES 
LOCATION PLAN 

1 
i 

I 

EAR 1963 FACILITIEA 

! 

LABOIIATDRI 
cs EiJlWYG 
ITION SmWCES BUILDING 
14W RESEARCH LAIDRATM1IES 
D CWM4ND FACILITY 
)NS 

FACILITIES 

S AUTHORIZED 4ND 
ONSTRUCTION 11959-611 

CS 4UTHORIZED 4ND 
ONSTRUCTION I19621 

! S  PROPOSED I N  
OGR4M 

L- ----------- - 4 ---- 

%, . .  

EXISTIN( J P4Rl 

I 
1 

Elldg N' T ~ t l e  Location 
ill8 BIND TilNNEL STORAGE BLDG ...... C-4 
1119 ELECTRONICS L4B 4NNEX.. ..... . 0 - 5  
1'30 ENGINEERING HIZAROOUS TEST OFFICES 8 ~ .  ........... .......... c-8 ~ - 3  

1'32 WOPELL4NT COMPONENT STORIGE' E-5 
1'33 HELIPORT DISP4TCHERS OFFICE., ... D-6 

Bldg. NS T i t l e  LO< allon 

Title Location 
PLUMBlNG SHOPS B STORES F.4 . ILIQUIDI. ............ F.4 
DORATDRIES 8 SnOP .... E.5 
A L T E S l L A  ll .......... &5 
1 CELL 32 ILIauIDI. ..... F.* 
UPLE L48DRAIDRY ..... ~4 

CELL I2  ILIouIDI. ...... r.4 
I lOUlD ............. ~ - 4  h,o,,,d ............. c n 

224 SfWER STATION c -8 
225 GL4RD SHELTER c-7 

z n  CCOLING TWER 9-4 

0-5 226 SOLVENT STORME BLDG 
227 GL4RD SMLTER D-4 

229 SUIELDED ROOM &DO 0-5 

IS6 GUIDED HISSILE ENGINEERING. , . . "c -5  

157 158 M4TERlbLS MATL R ' T Y I R C H  RESE4RCH PROCESS 1 4 8  LA3 E2 
IS9 PUMP H JUSE IW4TERI.. . . . . . . . . .  .F.4 
I60 PUMP H JUSE ISEWERIGEI . . . . . . . .  .D-6 . . '2.5 161 GUlD4NC: L l B O R I T O R Y . .  ....... 

I -- . _ _  _, . (LIDUIOI ........... ..E.5 
CELL 33 ILlOUIOl ...... E.5 

F-5 4s.. 
ILIQUIOI ............. E.5 

ION ................. F.5 
YIC) L 4 8 . .  .......... 

CELL 42 ILlOUlDl ...... 
SE ( E S T  GATEI, ........ F-4 

................ 

OFFICE.. ........... ep 

I63 COOLING TOWER .E.S 
I65 COOLING TOWER .0.6 
16f COOL,N( TOWER ..0.4 

. . . . . . . . . . . . . .  . . . . . . . . . . . . . .  ............. 

0-7 I 7 0  F4BRlC4 ION SHCP 

182 BUS STCP SHELTER .............. F.. 
(83 RlYSlCAl SCIENCE L I B  
I84 185 GUIDINCI GUIDED ~~ I ISS ILE  LAB ANNEX.. ENGR INNEX. . . . . . . . .  ..... .c.5 

8-7 186 SP4CE SZIENCE 1.48 
E-6 1117 W E H l C 4 .  STORIOE'. ............ 

......... UD YAWLINE Y TKYP "'D.4 
I41 M4WZINE X TEYP ............. M 



JET PROPULSION IABORATORY 

FISCAL YEAR 1963 ESTIMATES 

ADDITION TO FABRICA'MON SERVICES BUILDING 

DESCRIFTIOIV.: 

An addition i s  requested fo r  the fabrication services building 
currently u n d e r  construction. The addition w i l l  provide approximately 
18,000 square f ee t  of f loor  space, and w i l l  include a sheet m e t a l  shop, 
machine shcp, weld shop, assaribly room, m e t a l  stores room, tool crib, 
and offfces. The building will be a high bay structure, one s to ry ,  
completely air conditioned, and of permanent type construction similar 
t o  the fabr3cation services building. 
i s  shown or; the following page. 

A drawing of the proposed adflition 

JUSTIFICATION --. : 

The f i r s t ,  phase of the fabrications services building, currently 
being constmcted, w i l l  consist of a machine shop, inspection rooms, and 
offices. The sheet; metal shop, weld shop, assenibly room.cnrea, and m e t a l  
stores area remain i n  the existing machine shop building. This means that 
the personr.el and functions of this dtvision w i l l  be widely separatsd, and 
must rely c a  short-line comnmications between supervision and key personne:l 
i n  both axeaa. 

The transport distance between the new f a c i l i t y  and the existing 
fabrications shop i s  approximately one-mile round t r ip .  
i n  the new fabrications shop that requires sheet metal or  weld service 
w i l l  have t o  be shuttled by truck between the two buildings. Approxi- 
mately 50 p r  cent of the work i n  spacecraft and environmental t e s t  
equipment rsq.uires this type of intermittent service. Raw stockP, w i l l  
also require transport between the two buildings. 

Work i n  process 

The prclpomd addition will insure the more effective operation of %he 
Laboratory's fabrication f a c i l i t i e s  by consolidating all fabrication 
division personnel, by eliminating duplicate equipment, and by discontinuing 
.the inefficient shuttle service between two areas. 
fabricatior: semrices building and the addition proposed i n  %his prsgect, 
the existing shop building w i l l  be demolished. 

Upon completion of the 

A. LAM> ACQUISI'MON . . . . O O . . . . . . . . . . . . . . . . . . . . . * . . . * . . . . . ~ . .  --a 
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JET PROPULSION LABORATORY 
FISCAL YEAR 1963 ESTIMATES 

ADDITION TO FABRICATION SERVICES BUILDING 

\ 



G r a d i n g ,  paving, sidewalks, and 
landscaping.. ........................ $5,000 

Sub s'b%t:lon. 5,000 
Utility connections.................... 15,000 

............................ 
C. FACILIICY CONSTRUC!KON AND MODIF'ICATIONS. . . . . . . . . . . . . . .  4:35,000 

Building .. (18,000 square feet at $24.20 
pe:r s(quare foot). .................... 435,000 

Welding shop equipment ................. 28,500 
Saw shop equipEnt ..................... 8,300 

63,200 Sheet metal shop equipment. ............ 
E. DESIGN AND ENGIEEXRING SEXVICES.... . . . . . . . . . . . . . . . . . . .  45,000 

Total estimated cost.......... 



JET PROPUISION LABORA!W~ 

FISCAL YEAR 1963 ESmMATES 

DATA OPERATIONS AND COMMAND FACIUTIC 

DESCRIFTkll: 
This .project proposes the construction of a 53,800 square fool; 

1aborato:cy-off ice  building t o  provide the f a c i l i t i e s  f o r  the computers, 
and fo r  - h e  operation and control centers r e q ~ r e d  f o r  the lunar tmd 
planetary programs. The f a c i l i t y  w i l l  be of permanent type s t e e l  or 
concrete canetruction and completely air conditioned. It w i l l  be designed. 
t o  house malogue and d ig i ta l  computers, a maintenance mea, supporting 
laborato:ries, engineering and scient i f ic  display and analysis areas, status 
plott ing 'bo,s;rds, operations areas, a communications center, and exhibit 
areas. It w i l l  also contain conference rooms and offices for  the techni- 
c a l  personnel engasd i n  work i n  these areas. 

The lmilaing will consist of two s tor ies  above ground, a baseimnt, 
and a mwhtxnfcal  equipment room on the roof which will house air Itandling 
equipment. The basement will contain the mechanical equipment room, data 
and spara equipment storage areas, research equipment maintenance labora- 
tories,  is communications room, a crypt0 room, and a data processing 
laborato rye 

The first f loor  will house the main data operations and control areas, 
communications and control rooms, a space sciences area, a customer 
engineering area, a spacecraft analysis area, a data conversion area, con- 
ference room, a control lobby, and a Tv display room. The second f loor  
will acc3mmodate the engineering data display and evaluation area, 
scient i f ic  data display and evaluation axeas, conference rooms, a data 
library, offices, and a stand-by room. The building w i l l  be s t rwtu ra l ly  
designed f o r  the possible future addition of a third floor. 

A drawing of the proposed f a c i l i t y  i s  shown on the following :page. 

JUSTIFICATION : 
-c- 

The d a t a  operations and command f a c i l i t y  i s  planned as the mission 
operations command center from injection t o  the completion of a pwticular  
unmanned lunar or planetary mission. 
received from the Atlantic Missile Range w i l l  be evaluated and relayed t o  
the deep space network as anticipatory information t o  f a c i l i t a t e  the 
acquisition of the vehicle by the deep space f a c i l i t i e s .  
has been inJected, the tracking data received from the deep space f a c i l i t i e s  
w i l l  provida the necessary inputs t o  enable the Command Center t o  calculate 

Pre-iMection tracking information 

When th2 spacecraft 

m 6-si 



JET PROPULSION LABORATORY 
FISCAL YEAR 1963 ESTIMATES 

DATA OPERATIONS AND COMMAND FACILITY 



the transit trajectory orbi t  e 

w i l l  be pe:rf'omd t o  establish the magnitude and directdon of the tra- 
jectory ccarrections required. 
the Command Center and truwsnitted t o  the spacecraft v5a the 4eep space 
network f a c i l i t i e s  e 

R e a l - t i m e  orbi t  determination calculations 

AppropriaGe commands w i l l  be in i t ia ted  a t  

The d & t a  operations asld command f a c i l i t y  w i l l  receive, record, and, 
where  approprLate, display the spacecraft data, both engineering and 
sc ien t i f ic ,  for diagnostic and command decision purposes. Real-time and 
selected rea,r-reaJ-time data w i l l  be made available t o  the mission 
operationE, personnel and participating scientists,  so that any necessary 
revisions m.d modifications t o  the sequence of scient i f ic  experiments may 
be detemrined and implemented during the spacecraft operating l i f e .  :In 
addition, the f a c i l i t y  w i l l  provide r a w  and processed data t o  the par t ic i -  
pating scient is ts  far l a t e r  analysis and interpretation. 

At present the data operations and command functions required for the 
Ranger tyFe spacecraft and missions are being carried out In portions of 
four buildings and i n  sixteen rented t r a i l e r s .  
office space for  the additional personnel required fo r  future operations. 
As the lunar and planetary program develop, the concurrent schedules, 
special processing and display requirements, greatly increased volume of 
data, greater mission Ere times, and more complex command and decision 
functions w i l l -  exceed the maximum capability of these interim f a c i l i t i e s .  
The proposed new fac9lity w i l l  allow the 150 personnel engaged i n  lata 
operations and command functions t o  be consolidated, wil lp@rrrf t  t i e  
x n t a l  t r s l l e r s  t o  be enemted ,  and will eliminate the need far t i e  
rental  of additional off -laboratory space. 
of certain of the functions i n  the data operations and command areas 
would :impose great b o n s " e q s  on the successful accomplishement of the lunar 
and planetary program. 

These areas do not include 

The geographical separation 

A review of currently planned and projected unxmnne13 1 u . k -  and planetary 
projects iBnd mfssions reveals the need f o r  a single f a c i l i t y  devoted t o  these 
projects t o  'be operating on a near full-time basis shortly after i t s  earlies-: 
completion. When it. i s  realized that jo in t  lunar and planetary oplsrations 
w i l l  'be conducted concurrently beginning i n  the mid-l962*s, it, becomes cvtn 
more urgent that a separate f a c i l i t y  t o  support these projects in a timely 
and c1ose.I-y integrated fashion be provided. 

A. LAND Ilr=QlnCSa[~QN.... ................................... --- 
B. SITE :~EIJEIX)PMENT AND UTILITY I N S W n Q N S .  ., . o .  

G r z u t i i ~ g ,  paving, sidewalks, and 
:irm(iscaping.. ....................... $25,ooO 

Substtation.. .......................... 60,000 
Utfi.Li-ty connections. .................. 40,080 



C. FAC1LJ.W CONSTRUCTION AND ~DIFICATIONS.. ............... $1,495,000 

Buil.ding . . (53,800 square feet at 
$28.40 per square foot).  ............... $1,495,000 

D. EQUIF%ENT, INSTRUMENTATION, AND SUPPORT SYSTEXS.. ....... 
Office eqyipmnt ......................... 20,000 
Comumications equipment.. ............... 15, OOo 
Starid by parer system., .................. 55,000 

projection equipment ................... 213,000 
Conputping equipment. ..................... 265,000 
Data.  kmdling equipment. ................. 23;2,OOo 

S p c 5 a l  display status boards and 

Total estimated cost .......... $&420,000 -, 

YFiscetl jaelr 1962 funds i n  the mount of $lkO,OOO have been allocated 
for  adwmc:ed d e s i p  services. 
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This project proposes the construction of a l00,OOO gross squese foot 
building cbf which approximately h0,OOO square feet  will be In offices and 
60,000 s q ~ a x s  feet i n  labosa%~rEes. 
with a full- basement, FL~Y mmdftfcmed, and of permment type steel or  
concrete cor.strt.ictfm. %%e labsro,%rJrfes w t l l  be of various s.izes t o  
accomodata: all types ani" IEboratory wmk. 
u-t;il$'&y w r e  which w i l l  provide the f lex ib i l i ty  of' changing from one 
function to another. 
on the fcl,lcwing page. 

T%ae building will be multi-storied 

!They wUl be designed around a 

Scme details  of the building are shown -in the dra,sJing 

ernes $xi:~isEon of the Sei Propulsion Laboratory has  the 
primary technical resp~nsiblH%y $or the ,NAS~'S lmw and plmetary pro- 
graw * 
separate kuildings anti i n  r~slr*t;~:(a &t3crcatePry-%ype t r a i l e r s  Some con- 
solidatior of the t1Pb.j %Lor  perso~ne.h ?%t$ab be possible ugon completion of 
the space scaences .bibsratxxy autthcarized in t he  f i s c a l  year 1961 grogram 
and currertly wider conatrueticari. additional space t o  be provided by 
the building proposed : i i r  ,.bfe ~ I ~ O J ~ C C U  w 3 l 1  accomdrate the baEance of the 
division p?lrsomeI w5.0 cmnst Be howsad i n  the space sceinces Xabaratory, 
and wfEl FSCTM.~ cl"2Yce m d  laboratory space for the azsticfpated perscamel 
growth of' this div is ion2  

Tke personnel of -c,h<.s; dZ'~"%sion ar t  eursan%ly scattered i n  five 

COST ESTIPATE: 
I--- 

B. 
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E, ] IESI(~ ~~ ENGIBEERING SEDVICES. . . . . . . . . . . . . . . . . . . . . . . . . . - 250,000 
T O W  estimated cost.. . . . . . . . . . . . . . . .  &&%?E 
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JXT PROPVISION EABORATORY 

D E S C € U P ~ C I N  0- : 

It i s  proposed t o  add an additional 20,000 square feet of laboratory 
and office space t o  house additional personnel and t o  carry out sugiporting 
research snd advanced development work on materials t o  be used i n  space 
vehicles. 
two addlticsmil, floors on the existing materials research. laboratory; 
another L0,OCKT square fee t  dll be provided by an addition t o  the existing 
materi als rssemeh processing laboratory. 
additions SEE' presented on the following two pages. 

Approximatehgry 10,000 square fee t  w i l l  be added by construction o.f 

Drawings of the proposed 

AdditicinaL f ac i l i t i e s  are needed t o  carry on supporting research and 
advanced development work on spacecraft and space vehicle materials. 
performance c9 present day vehciles i s  limited by the lack of knowltdge 
of the proper.ties of materials a t  very hi@ temperatures. The appmach t o  
a solution of these problem w i l l .  be from the standpoint of metallurgy and 
ceramics, and also from that of solid s ta te  physics. Development and 
testing of improved materials wfll be carried out on many types of space 
vehicle eoqmmxtso 
components, fuel tanks and solid fue l  rocket cases, and equipznent t D  
operate i n  the 'very high vacuum of outer space. 
aimed at psovfafng engineering data reqyired t o  design advanced ty-ps of 
space vehicles. A substantfd par t  of the work planned .for the new 
laboratories w f . U  deal Weth the effects of high vacuum, rgdiation and 
particles found. i n  space upon materials which m y  be used fo r  spacezraft. 

The 

These wil l  include rocket nozzles and other prDpulsion 

Pa r t  of the work w i l l  be 

Research i s  also planned on materials for  electronic applications which 
will l e d  towmd the development of solid s ta te  electronic devices to permit; 
major decreases i n  weight and increases i n  the performance of space vehicle 
electronic dev5ces and instruments. 

Grading, paving, sidewalks, and 
lsillscaping.. * .  e * .  . e a o .  e .  * * .  . $13,000 

Subs-tist:ion.. . * .  . . e 10,000 
U t i l i t y  co~ections..o.....D............. 7,000 

., . e * .  . e. e e . .  e e @ .  . . e 
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c. FACIIJ:TY OONSTRUCTION AND MODIFICATIONS. ................... & 1 2 5 , ~  

Addi1;ion t o  materids research laboratory 
(3.0,OOO square feet re t  $27.50 per 
sqUa1?e foot).  .......................... $275,000 

AddJ.l;ion t o  materials research processing 
1a1)oratory . . (10,000 $quare f e e t  at 
$z!fi .(IO per square foot). ............... 250,000 

D. EQUIPMWf, INS-TION, AND SUPPORT SYSTEMS. e e e a, e e e e a a a 
--- 



JET PROPUrSION LABORATORY 

FISCAL YEAR 1963 ES-TES 

T E U C 0 M " I C A T I O N S  LABORATORY 

~ h i s  p:o;ject proposes the construction of an 82,000 gross square foot 
building t;o provide approximately b , O O O  square feet of hboratory space 
and 42,000 square f ee t  of office space. 
an ddjkcertlj ground area available f o r  instrmmentation vans t o  be wed i n  
connection w i t h  the laboratories located at  that level. 
be conrp1el;cQr air conditioned and of a permanent type st;eel or concrete 
construction 
special eniphhasis on high capacity slr conditioning f o r  the laboratcay areas 
and With adequate p m r  dlows~nce f o r  certain laboratories with high parer 
requiremeri%s Drawings of the laboratory are shown on the fol1owir.g page. 

The rmrltistory building w 3 l l  ham 

The btcflang - i l l  

The3 general. office and laboratory areas will be desl gned wft;h 

The tet:Lecomications laboratory requested i n  t h i s  project wf11 house 
personnel engaged i n  the central  administration and direction of the deep 
space ins1;:rurnentcbtiontion f a c i l i t i e s  and i n  rosearch and advanced devel.opmat 
program j.11 -this &rea. Their work includes the design, instailla-bicm, and 
operation of sui-treble ground tracking and commmications f acilitiesi 
required in -the lunar and planetary programs. The work is  accomplished 
both through in-house effor ts  and by the technical direction of ou1;sSde 
contractorr; 

FacilL-ty requirements f o r  telecommunications work include the ciccessf - 
b i l i t y  of technical t r a i l e r  and laboratory space; 
tes t ing ar temas with good v i s i b i l i t y  f o r  long distmcea;; 
consolidated location where transmitting work may be done wtthout :.nter- 
ference to the work of other act ivi t ies ;  
antenna rwe:iving work can be done without e lec t r ica l  interference fron 
surroundin,3 ac t iv i t ies  e 

an adequate loccikicm for  
the need f a r  a 

and the need for a locat.'.on whera 

The pimpposed new laboratory will allow scattered cormmmfcationt; 
ac t id t ie r ;  tlxroughout the station t o  be consolidated, w i l l  permit r;ub-. 
standard bui.Ldings t o  be vacated and demolished, and w i l l  contribu'z t o  
a reduction :in the need f o r  rented trailer f a c i l i t i e s  and off-laboi-atory 
space 
tory spacc? for approximately 325 employees. 

"lie telecommunications laboratory will provide office and :&bora- 



JET PROPULSION LABORATORY 
FISCAL YEAR 1963 ESTIMATES 

TELECOMMUNICATIONS LABORATORY 



COST ESTIMATE: 

--- A. LAMI A(=QUISI~ON .......................................... 
B. SITE DEVELXIPMHJT AND UTILITY ntJsTALIATIONS.. .............. $13 ,OOO 

Gr&i.ng, paving, sidewalks, and landscaping.. . $3O,OOO 
Utility connections............................ 45,000 
Substation.. ................................... 60,000 

BuiLSing . . (82,000 square feet at $28.00 
per square foot) .......................... 2, ~ O , O O O  

D. EQUIPMENT, INSTRUMENTATION, AND SUPFORT SYSTEMS. .......... 200, OOO 

Radio frequency screening for laboratories.. 125,000 
Instrumentation............................. 35,000 
Laboratory equipment ........................ 40,000 

E. DESIGN .AND ENGIIEXRING S E ~ C E S . . . . . . . . . . . . . . . . . . . . . . . . . . .  -, 2.35,000 

Total estimated cost 

C.F 6-E3 



JFX' PROPULSION LABORATORY 

FISCAL YEAR 1963 ESTIMATES 

UTILITY INSWTIONS 

Funds are  requested i n  t h i s  project for the modification and 
expansion (sf the laboratory's u t i l i t y  systems. 
u t i l i t y  improvements normally required t o  support new fac i l i t i e s , ,  
t h i s  project includes improvements t o  two major laboratory access 
roads an i  the development, of a new parking area. The location 0:' 
these items is; indicated i n  the drawing on the following page. 

In  addition t o  the 

JUSTIF'ICATION : --- 
Modifici3;tions and expansion of the laboratory' s ut:t l i ty systails 

are required t o  support the f a c i l i t i e s  proposed for construction i n  
the f i s c a l  year 1963 budget. 
roads slsswn i n  the drawing is  urgently required. 
be widewd t o  handle an increasing volume of personal and industrial  
vehicular t r a f f i c .  The J e t  Propulsion Laboratory i s  not served l)y 
public -;ra:nsportation and a l l  employees t rave l  by the use of privately 
owned vehicles. 
w i t h  the aJthorized and anticipated staffing levels. 

The resurfacing of the two access 
The roads must also 

An additional parking area is necessary t o  keep pace 

COST ESTIMATE: --- 
A. LAM)AI~QUISPTION,..................... .................... .., - .. 
B. SITE DEVELOPMENT AND UTILFTY 33JSTAIs;ATIONs.. ..... I,. ...... $730 000 

Si t e  grading and general landscaping ....... 
13 sails, sidewalks grading, and 

paving .................................. 
l?arking areas, grading, and paving... ...... 
Storm draine......... ...................... 
1Ji3tcsr distribution system. ................. 
Ihn.itary sewer system.. .................... 
(23s distribution system. ................... 
Air distribution system... ................. 
I?ower distribution and communications 

Systems ................................. 
S-ibstation....... .......................... 
:Gnp:rovements t o  East access road. .......... 
:Gnp:rovements t o  West access road.. ......... 
TJes-t parking lot.. . . . . . . . . .  ................ 
Street l ighting ............................ 

$5O J Oo0 

60,000 
25,000 
115,000 

81 000 
97 J Oo0 

10 J 000 
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C. FA.CII4TY CONSTRUCTION AND MODIFICATIONS.... .............. 
D. 

E. 

EQIIIE"T, INSTRUMENTATION, AM) SUPPORT SYSTEMS .......... 
DESIGN AM) ENGINEERING SERVICES.. ........................ 

Total  estimated c o s t . . . . . . . . . . . .  

$go,ooo I- 

$820,000 - - 

CF 6-F3 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Page 
NO - 
CF7- A2 

CF7- B1 

CF7- C1 

CFT- D1 

CF7-El 

CF7- F1 

CF7- G1 

FISCAL YEAR 1963 ESTIMATES 

CONSTRUCTION OF FACILITIES - 1963 PROGRAM 
LANGIEY RESEARCH CENTER 

Location plan 

Addition to heating plant.. .............. ..... $ t358,OOO 

Additional equipment for magnetoplasmadynamics 
research. ............................... .’. ... 1,h50,000 

Additional power supply and improved arc 
chamber for 10-megawatt arc tunnel. ........... ;‘60,000 

Environmental research facilities for space- 
craft components and materials,............,. 5’97,000 

Particle accelerator for simulation of micro- 
meteoroid impacto..................*.... ,...,. 5136 > 000 

Stabilization and control equipment laboratory. l,:;66,000 

Vehicle antenna test facility............1..... 1,725,OOO 

Total.. ................. $8,092,000 

-, 

- 

ZF7- Al 





LANGLEY RESEARCH CENTER 
FISCAL YEAR 1963 ESTIMATES 

LOCATION PLAN 
F A C I L I T Y  NO. 

T-107 

580 
581 

583 
5834 
584 
585 
586 
587 
640 
641 
642 
643 
644 
645 
646 
647 
648 
650 
720 
7 2 0 - ~  
7 2 0 - ~  

-n.. 
>or 
cRr, n 
,"L-C1 

EAST AREA 

D E S C R I P T I O N  

O F F I C E S  - bT.A.NW3D SPACECRAFT CENTER 
( T E 3 P O P f i Y  LZMT FROX A I R  F 3 R C E  ) 

FORMERLY ATMOSPHERIC WIND TUNNEL 
THORNELL AVENUE SUBSTATION 

pcp>.e,,Ly ~" ! ;T -T ! j !~ ! j~~? !gE  p?EssLyE T!j!FEL 
FORMERLY TRANSONIC BLOWDOWN TUNNEL 
MAINTENANCE B U I L D I N G  
U T I L I T Y  B U I L D I N G  

SERVICE B U I L D I N G  
ADMINI STRAT ION B-UILDING 
 FOOT TRANSONIC PRESSURE TUNNEL 
R v n n m  Tp&;sc!?;IC TLjEEL 
BACK R I V E R  SUBSTATION 
FULL-SCALFI TUNNEL 
FREE-FLIGHT TUNNEL 
20-FOOT FREE-SPINNING TUNNEL 

- .^_ -**..-..-c..l 
-1 LUIVlrNX33UA D U I U I l Y C r  

FORMERLY 2 2 - I N C H  TRANSONIC TUNNEL 

v-* ""I 

DYNAMIC TUNNELS B U I L D I N G  
EAST SHOP 
TRANSONIC DYNAMICS TUNNEL 
MATHIS ROAD SUBSTATION 
TANK NO. 1 
DYNAMIC MODEL SHOP 
TANK NO. 2 

1%' 300' 4W 600' 750' 
HH r 4 $ I I 

S C A L E  IN F E E T  



FISCAL YEAR 1963 ESTIMATES 

ADDITION TO HEATING PLANT 

DESCRIPTI.CUV: --- 
It 1 ~ .  proposed t o  enlarge the capacity of the existing heating 

plant 1or:~t t~:d.  i n  the West Area of the Langley Research Center by the 
addition of" a lO~ ,OOO-po~~d-pe r~ho~  steam boiler and a, new 110-psi 
air cmmprc:se;or and dryer. The project includes a 5,0001-psi pressure 
reducing &&ion, supplied by a new 1-inch, 5,000-psi air  l ine  from 
the gas dlpxunics storage field.  
50- by &~mmr"oot addition t o  the heating plant building and i n  adjacent 
weas i n  the existing building. 
addition I-s shown on the next page. 

!the equipment w i l l  be housed i n  a new 

A sketch of the proposed bui.lding 

JUSTLFICIiICION : --- 
m e  c:e~i%ra.l heating plant which supplies steam throughout the 

The present boi le r  capacity is '  West Area w i U  soon be inadequate. 
108,000 pounds per hour at design temperatures. 
has beeme acute in  that the existing connected steam l.0ad is  now 
ll4,OOO powids per houre This situation w i l l  be intensified when 
facilit%c?:s presently under way, such as the aynermics research laboratory 
and the lr~rpe~sonic aerotherm1 dyanamics faci l i ty ,  begin t o  use steam. 
The requcsttsd boiler w i l l  provide the needed additional steam capacity 
f o r  +,hesf? fax i l i t i es  and w i l l  provide some reserve captzcity f o r  new 
cons$mcI;ioii,~ In  addition, the requested boiler w i l l  aid in carrying 
the .Lo& vhen another boi ler  i s  shut down fo r  mainternice. 

The steam load 

The :aer&ing plant's location at the hub of an underground duct 
system h i s  Led t o  the building's serving as a control source for  com- 
pressed air. 
extent tlmt several of" the existing systems are inadequate. The loo- 
p s i  air system, w h k h  supplies air t o  a l l  West Area buildings, i s  in-  
adequate 2uring peak demand periods. 
breakdmn of the existing air compressor, research work would be 
delayed, The proposed air compressor w i l l  be a supplement t o  the 
existing compressor, supply the needed additional air supply, and 
w i l l  wdntain service i n  the event of a major breakdmn of the existing 
compressDr. 
2,000 ps i  i s  met by fibling bottles w i t h  an existing 2,500-psi 
compressoro However, th i s  compressor even w i t h  booster is  inadequate 
t o  meet existing reseueka demands. 
comecticn w i l l  u t i l i ze  an existing source to supply t h e  increasing 
demand i n  t h i s  area fo r  high-pressure air. 

me demand POP compressed air has grown l;o such an 

In the event of u major 

The demand by several research f ac i l i t i e s  for air over 

The proposed 5,000-psi service 
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‘ilze existing heating plant was constructed in 193, and 10 years 
later one additional boiler was installed. 
avaUable I n  the building. The proposed building addition w i l l .  houw 
the feed water pun@, other boiler d i a r l e s ,  and air campressora. 
Some equipment ?#ill be relocated from the existing builCCing in order 
that the ncsw’boiler may be placed alongside existing boilers. 

There i t r  no mre space 

This proposed addition t o  the heat- plant w i l l  require about 
30 months fromthe ini t ia t ion of design t o  the completion of con- 
struction. 
in the fiscal year 1962 for this project so that a construction contract 
may be aarded  early i n  the f i s c a l  par 1963. The advanced construction 
date w i l l  reduce the c r i t i c a l  heating situation from four heating seasons 
t o  three before added boiler capacity is available. 

Design f’unds have been approved in the amount of $42,500 

COST ESTIMATE: --. 

A. LAND ACQU~~ION..............................~............ --- 

B u i l d l n i g  al teration . . . ( 3  OOO square fee t  at 

Boil~r. . . . . . . . . . . . . . . . . . . . . . . .o . . . . . . . . . . . .b . . . . .  335,000 
....................... $4.;r.ti0 per square foot). $144.,m 

Pipirg revisions. ................................ IZ~,OOO 

E1ect;rical system.. .............................. 87,000 

f i s ( ; : L , l  year 1962 funds). ......................... 

D. mUIP”T, II?S”TA!I!ION, AND m R I  SY-0 2l2,OOO 

Air c:onlpressor.................................*. 125,OOO 

E. DESIGN AND ENGINEERR?G SERVICES ($42,500 allocated fmaP --- 
Total estimated coet. ,, ....... $8$8,ooo 



ACDITIONAL - EQUIPMENT FOR MAL;NEToPLAsMpsyNAMICS RESEARCH 

DESCRIPTI.CIN: -- 
The equipment requested i n  this project i s  needed t o  permit in -  

vestigaticms with plasma generators and accelerators of larger size and 
more advanced research capabilities than can be provided w i t h  currently 
available equipment and systems. The following items w i l l  be procured 
and, as iridicated i n  the sketch on the next page, located i n  exist8ing and 
converted. space i n  the former gas dynamics laboratory: 

Electrical energy storage bank of capacitors having low 
inductance and very fast discharge rate. 

Sgecially constructed channel for  larger scale d-c, steady- 
flow plasma accelerator. 

P1,asna source uti l izing high-power arc je t .  

Large superconducting magnet with cryostat fo r  applica- 
t ion t o  plasma. accelerators. 

High-capacity steam-e jector evacuating system fo r  receiving 
a ~ l d  neutralizing plasma flows w i t h  alkali =La1 seeding 
e:Lements. 

High-current d-c transmission line t o  power arc plasma source 
(item (c))  from existing remote d-c power suppw. 

General laboratory instrumentation including microwave tmd 
o-ther electronic and electr ical  equipment. 

JUSTIFICXEION : --- 
It 11~~s became apparent tha t  significant benefits w i l l  f l o w  f.mm the 

applicat.hn of research results i n  the sciences of magnetohydrodynamics 
and plasins physics i n  future space flight and other technological de- 
velopmrxts. Many advances have been made a t  the Langley Center and else- 
where towmd understanding the basic plasma phenomena involved in  effor ts  
t o  accelerate plasmas, t o  extract e lectr ical  energy from moving plasmas, 
and to convert plasma energy t o  radio-frequency energy. 
l a t t e r  effor ts  are directly applicable t o  space flight technology am3 are 
leading t o  concepts and advanced ideas that  can be applied t o  plasma 
propulsion, plasma power generation, and space communication. 
the research accomplished t o  date, however, has been qualitative in  the 
sense t h a t  the equipmnt has been too small i n  scale and the enerI3y levels 

All of tlzese 

Much of 
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involved have been too low t o  pe rmi t  detailed quantitative study and 
evaluaticirl of the significant parameters involved and of the effects 
of variatA.ons in  these parmeters. 
which have: been studied appear to offer attractive possibil i t ies for  
various rppl~ications, sufficient quantitative information has not been 
obtained l;o permit rea l i s t ic  evaluation. 
i n  th i s  pi*o,fect is aimed primarily at providing faci l i tdes  for study- 
ing such devices as plasma accelerators and plasma, gune; on a scale and 
w i t h  power levels sufficiently high t o  permit the very necessary quanti- 
tat ive uricterstanding of the phenomena involved. The project is a con- 
tinuation of the work undertaken with f i s ca l  year 1962 funds which is  
providing the capability f o r  clarifying magnetoplasmadymmics pheEiomena 
i n  a quari1;ii;ative fashion. 

Although various plasma devices 

The equipment, being requested 

COST ESTIJWCE: 

C. FACIIJTIY COI?ST€UJCTION AND MODIFICATIONS...*.... ........... 
Steim ejector evacuating pump.. .............. $85,000 
~ 1 ~ 3 m 3  source (arc je t ) .  ..................... :L60,000 

Capwitor bank.. ............................. :3OO,OOO D-(3 stead-flow plasma accelerator channel.. . :LOO,OOO 

D. EQUIIJPIWW, INSTHUMENTATION, AND SUPPORT SYSTEMS.......... 465,000 

Supsconaucting magnet and cryostat .......... $250,000 
Imstrwntat ion and support equipment........ :?l5,OOO 

Total estimated cost ....... $1,450, OOO 



DESCRIPTION: 
-I 

It is  proposed t o  increase the capability of the existing 10-mgawatt 
arc tunrae.l t O  sinulate the reentry conditions experienced by vehic.Les re- 
turraing t o  earth f r o m  1um.r or planetary missions. 
the addition t o  the electr ical  power equipmnt of the arc tunrxel of 
rect i f iers  and  associated aePxiPiferies which w i l l  convert a par t  of the 
a-c power t o  &-e power; the construction of 8x1 inproved arc c h e e r  in- 
corporating newest techniques in arc heating of air f o r  generating higher 
temperature airstreams; an19 the addition of cooling system eomponeiats t o  
convert the present open water-cooling system t o  a closed waker-co3ling 
system a 

The prodect includes 

A sketch of the inrprovements poposed Unaer this project is presented 
on the following page. 

JUSTIFICATION:  --- 
When space vehicles reenter the earthPs atmosphere from lunar or  

planetaq missions, the air inmediately adjacent t o  the vehicle surface 
w i l l  be heated t o  a temperature of approximat.ely 16,000~ F, The flow 
of heat from this  high-temperature air into %be vehicle structure creates 
the exceedingly diff icul t  problem QZ protecting the vehicle and i ts  occu- 
pants against fLarmlng destruction. 
the vehicle as i f  it were a mteor is evident f r o m  the f ac t  that all 
known materials w e  vaporized at  temperatuzes below 7,2100° F. 

The potentiality f o r  destruction of 

Stru.c:tvms and materials research on the problems of thermal protec- 
t ion for space vehicles, requires ground-based f ac i l i t i e s  which can 
s h u l a t e  %he reentry environment. This ~ a n s  that research f a c i l i t i e s  
must be captble of generating and handling airstreams of 16,0000 6 and 
higher. 
sonic res~:arch fac i l i t i es ,  including combustion of chemical fuels and 
e1ectrics.J. resistance heating of heat exchangers, but none of these 
methds EJY? capable of producing the temperatures experienced in  reentry. 
ApproximE;t;el.y 3 years &gol a significant breakthrough occurred when 
=tho& were developed %or using high-intensity e lectr ic  arcs t o  heat 
air to tku: required temperatures. 
of subsori:Lc and supersonic azc jets and a subsonic arc tunnel for 

Various methods of heatfng airstreams have been used in super- 

The Langley Center developed a number 
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perfom&&s :research on smaU materials t e s t  specimens $n airstreams 
a t  tempe: r%tms up t o  ll,OOOO F, the temperature encountered i n  re- 
entry frrxln near earth orbits, In recognition of the fac t  that a larger 
f a c i l i t y v a s  needed for  tests of models of reasonable size, a 10,OOO- 
kilowatt m c  tunnel was provided i n  the f iscal  year 1958 appropriation. 

The existing 10-megawatt arc tunnel was  designed t o  produce :lin 
the test section the high temperatures (ll,OOOo F) and en-pies of 
energy omtent (8,000 Btu/lb) which simikte  the environment experi- 
enced by a vehicle on reentry from mar-earth orbit  a t  approxlmgltely 
25,000 feet  per second, 
future planetary vehicles will reenter the earth's atmosphere at 
36,000 feet  per second, the velocity required t o  escape from the r- Sarth's 
gravi ta t ional  f ield,  and higher. 
t e s t  section, the arc chamber must be capable of generating air w i t h  
temperatures approximately 50 percent higher (16,000~ :F) and enthalpies 
s;pproximafely 100 percent higher (18,000 Btu/lb) than its present 
capability, 
air w i l l  be applied t o  achieve these temperatures and enthalpies. 

However, l u n a r  vehicles such IPS Apollo and 

To s-ate this environment i n  the 

The nost advanced techniques for  e lectr ic  arc heating of 

Reentry f r a  space remains one of the most diff icul t  problems of 

The electr ic  arc-heated tunnel is the only 
successful manned space flight, 
solution. of' t h i s  problem. 
adequate experimental method of investigating the reentry problem. 
The requr!st;ed improvements in the capabilities of the existing 10- 
mgamttt  arc tunnel w i l l  provide infornation of direct and inmediate 
use b the design of manned space vehicles. 

Intense effor t  must be applied t o  the 

B. SITE DIWEXQF"!I! AND UTILITY R ? ~ I O ~ , r , r . . . . . . . . r . .  $48, OOCI 

C. FAC:LLI!PY COmSTIW(=TION AEJD ~ D I F I C A T I O N S . ~ . ~ . . . ~ ~ . ~ ~ ~ . ~ r . o  684,000 

D.-c p r  supply 
P L : ~ i l 3 g *  , , . . . 0 . .  c . , . , . . . , . . . . . . . . 0 . 
A x  chtsnitxs antt accessories. . . . , . . , . . . . . 
EqaQnk?nt housing, , (1,980 square fee t  a t  

accessories , . , . . , . .. , . . . $308,000 
g8,OOo 

:&,OOO 

$26.25 per square foot). 52,000 
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A variety of vacuum chambers and accessory equipmnt will be in- 
stalled %n the existing structures reaseareh labora%ory t o  test, ma%erfals, 
StruCtUEal. components, a d  equipmen% of spacecraft in ithe simulate!d en- 
v i r o m n t  0% space. 
1 cubic foot t o  approximate 50 cubic feet, AEI. will be capable of 
minimum pressures below ~ '?pgmilL~ters of mrcury (coappeqmndirq~ t o  
altitudes i n  excess o f  200 miles). Accessory equipment w i l l  be pro- 
vided t o  simulate ultravPolLet radiation and solar thermal radiationj 
t o  measuse weigh% loss of' materials rerEsul%ing from evaporation in 
space vacuum, t o  apply stpbtc twal  1 (both static and dynamic) to 
the t e s t  specfmens, and to III&BSUR resulting strainsb d2isp3-acemealcs, 
and tempe satures , 

The wmm,m chfmibers will range in s ize  f m m  
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t o  assure a hLgh degree of re l iab i l i ty  in the materials and coqo- 
nent pafir; of spacecraft during f l i gh t  thmugh space and subsequent 
reenizy, :Lf? required. 

Degn&ttion of materials in the space environment i s  time dependent, 
Most months 01- yeaps often being reqyired t o  detect significant changes. 

of the. accomplished space missfons have been of relatively short dura- 
t ion,  but present plans envision manned flights ranging from 2 weeks f o r  
initial :Lum3;p exploration t o  more! than a year f o r  the first planetary 
missions. 
t o  be eeo:?omically feasible. 
quire& t) si&isfactoriXy determine the properties of miterials required 
in aeSigll0 

(Irbital  space stations and. lunar bases must have long l ives  
Tests of even longer durations are le- 

The research and t e s t i n g  planed  fo r  the ch&rs w i l l  consirjt of 
the measure:aent of changes in the surface, physical, thermal, optical, 
mechanicsl, and other impartat  properties of materials, structural  
components, and equipment resulting from long exposure t o  the siwrlated 
space environment, including the single and combined effects of errch 
aspect; of t h a t  environment. 
small. t o  provide a large volume of data at low cost. 

Both t e s t  chanibers and specbnens w i l : L  be 

O n l y  a f e w  vacuum chambers are presently available a t  the Lmgley 
Center %cr work of th i s  type; consequently, several long duration experi- 
ments car cumpletely dominate the program. A substantial number 2f 
chambers is required so tha t  single t e s t s  can run fo r  the weeks, months, 
or years Rquired in  a program composed of a reasonable t o t a l  num’ber of 
experiments. The proposed addition is the first step i n  the augmentation 
asld consolidation of small-scale vacuum f ac i l i t i e s  at  the Langley Research 
Center. 
able and. C E ~  be placed i n  operation without delay. 
therefore be available promptly f o r  early application t o  %he space 
PmW=* 

A l l  but a few of the proposed chanibers are c o m r c f a l l y  avail- 
Test results can 
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Vac:iaum e q a p n t  ............................. $t02. 000 

Cryngtdc panels ............................. 96. 000 
SO:LXC lamps .................................. 62. 000 
E1txt:rical systems ........................... 28. 000 

Insta;Llation . and accessories ................. 1.57. OOO 

E . DESI(% .AM, mGIPWRING SERVICES ........................... - 30,000 
Total estimated cost ........ $997. 000 
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L A N G W  RESEARCH CENTER 

FISCAL YEAR 1963 ESTUvIATES 

PARl'::CliE --- ACCELERATOR FOR SIMCWXON OF MICROMETEOROID IMPACT 

The particle accelerator proposed for  construction i n  t h i s  project 
w i l l  cone:tst; of three principal components: 
machine of 5.5 million volts capacity, an ion beam partdcle charger and 
injector, axid a detector for  counting the particles and measuring their  
velocity. 
particles,, when exposed t o  the large potential difference generated by 
the V a n  itt: Craaff machine, are accelerated t o  high ve1c)city in  an evacu- 
ated tube, 
meteoruiCL velocities. 
cate that a velocity of 80,000 fee t  per second w i l l  be attained by highly 
charged tungsten particles of 1-micron diameter and 30,OOO fee t  per secontl 
by l0-mic:ron particles. 

a high-vo1.tage Van de GraaSf 

The principle of operation is  tha t  the highly charged 

The particles strike the surface of the test specimen at  
Performance predictions for  t h i s  apparatus indi- 

The accelerator w i l l  be housed i n  a separate concrete enclosure 

A sketch of 
with adeqiza.te thicknesses of concrete t o  provide shielding of personnel 
against m:condary radiation produced by th i s  equipment., 
the faci:,:ity is shown on the following page. 

"he mwilable infomation on comet and asteroid debris i n  sgace 
clearly :i;xiLcates that  a serious meteoroid impact prob:Lem exists ?or 
manned S]?~PCC vehicles. 
t ion of t:?e vehicle by the larger particles or  it may result i n  erosion 
of the  snrface of the vehicle by the smaller particles which are m- 
countered 1;a great numbers. Considering the specific case of a vehicle 
of the Ap3l.Lo type, the probability is high that  several penetmt:Lons 
by meteomiiis will be experienced in a lunar mission of 2 weeks. In 
addition, a sandblast-type erosion will be experienced from the m x e  
f requent.4y encountered micrometeoroids. These micromtteoroids might 
not -ne-tmte the vehicle shell, but the i r  erosive act.ion w i l l  obliter-  
ate surface treatments which, through ab i l i ty  t o  reflect  or  absorb 
solar heat md radiate internally generated heat, have the very important 
function Df controlling the internal temperature of the space vehicle 
and maki:ng it habitable by men and by instruments. Although t h i s  loss 
of temperature control proceeds slowly, it constitutes a hazard t o  t h e  
success of rmwned space f l igh t  just  as much as impacts by penetrating 
mteoroil3s. 

The meteoroid impact may result i n  penetra- 
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Fsrisl;:ilyr, research f a c i l i t i e s  for launching high-speed par t ic les  
are incapable of producing velocit ies in the range of 30,000 t o  25O,OOO 
f ee t  per t;econd which are attained by meteoroids. 
now attained are below the lower l i m i t  of meteoroid velocities, Ncr 
other technique appears capable o f  developing velocitierj as high as 
those whidn  appear feasible w i t h  the par t ic le  accelerator. The f a c i l i t y  
proposed i :o  this project is particularly well-suited t o  the purpost? of 
simulating t h e  most frequently encountered meteoric particles, those 
with high velocity and density but small mass. 

The highest velocit ies 

In ConpElrison w i t h  the known costs of conducting meteoroid impact 
research i n  space by means of satellites, a ground f a c i l i t y  of the type 
proposed is very economical. 
the electrostatic accelerator, is a well-developed and readily avail- 
able piece of equipment, the par t ic le  accelerator can be placed in  
operation within a time period such that significant research can ‘be 
performed toward the goal o f  understanding and minimizing the micro- 
meteoroid hazard f o r  manned space vehicles. 

Because the major componeint of the fac i l i ty ,  

B. SITE I@VELOPMENT AND UTILITY INSTAUATION ................ $124,000 

Electrical distribution.. .................... $854,000 
Grailirtg, paving, and mechanical u t i l i t i es . .  .. 70,000 

C. 3’ACIIJ:TY CONSTRUCTION AMI WDIFICATIONS.. ................ 709,000 

Acc:c!le:rator. ................................. $4.52,000 
Aw::iliaries f o r  accelerator.. ................ 1.42,OOO 

square foot )  ....................... I-l5,000 

Shj.e!liled accelerator housing and control 
roorn.. . (1,148 square feet at $100 per 

D. EQUIl?l@XT, INSTRUMFETATION, AND SUPPORT SYSTEMS. . . 70,000 

................ 33,000 E. DESIWI rW EEJGINEERING SERVICES........... I. 

Total estimated cost ...... - :j;936,000 -. 
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LAmGIBY RESEARCH CE2XER 

F1SCA.L YEAR 1963 EST~MATES 

A. sttsbilization and control equipmnt research laboratory is pro- 
posed foi- construction consisting of a building w i t h  special research 
facilitit?:; rrnd including associated offices and shops. 
house inc::rtial simulators, special high-pressure air supplies f o r  
air bearing inertial simulators, electronic simulation f ac i l i t i e s  for 
closed loop integrated systems studies, n ~ d i u m  high-vac:uum fac l l i t  Aes 
for  :Low uxque control. system investigation over long t i m e  periods:, 
long-thnra optical f ac i l i t i e s  for use w i t h  sinmlators, rate tables; and 
servmd -t;%b:Les for  use with rate and integrating rate gyroscopes, 
equ&oriizl ~ m m t  tables for gyroscope testing, a time drive munt for 
use with sun, star, and planet seekers, and a magnetic field. conti-01 t o  
simulate tbr: f ie lds  which may be encountered by a apace vehicle. 

The buildhg will 

The stabilization am3 control equipment laboratory w i l l  include 
a long-Caraw optical f ac i l i t y  f o r  use Wth the simulat:ion equipmerit and 
special provisions f o r  eliminating or avoiding extern- induced vibra- 
tions. 
workrooms over a basement for  the long-throw optical faci l i ty ,  wil;h a 
40- by 40-foot by 35-foot high simulator room at one end as shown i n  
the drawing 011 the foraoSaing page, 

'The laboratory building wil l  provide one floor for  shop aid 

JUSTIFICATION: --u 

%search investigations in reentry aerodynamics and heating, and 
trajectory analyses and control studies for  lunar and planeitary missions 
require t,he use of research vehicles and probes which must be accurately 
and efficiently gui&d and contffolled through a f l ight- tes t  progr,m. 

Research and d e v e l o p n t  which will result i n  improved reliable 
equipmen.t, for sensing and controlling vehicle position and orientation 
is urgec;t;ly needed, 
hampered. by the lack of the f ac i l i t y  proposed i n  t h i s  project, 
and future work can be grouped into three categories: 

Stabilization and control work i s  at present 
Fmsent 

(all Iksearch and dwelopnmnt act ivi t ies  w i t h  reapect t o  specific 
space flight and reentry projects. 

(b:I Testing and evaluation of' contretctor furnished guidance and 
cantrol equipment used i n  the Langley Center activit ies.  
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(c:) I3ese&rch and development t o  provide infomation and tech- 
niques needed t o  secure! acceptable guidance and control. 
systems 0 

Spcxific examples of recurring needs i n  the first; two categcmies 
are the :Lii;tle Joe and the Scout control system projects. 
future ~rorls on extensions of the Scout vehicle and itrr; payload, and 
on the numitoring of control equipment that might be used i n  large- 
scale rc!c?ni;ry tests w i l l  require even more complex and accurate equip- 
ment t h r u i  w a s  needed i n  the past. 
return vc:locities requires that  the requested f a c i l i t y  be availalile t o  
check OW; $he precise, complex booster and payload coritrol equipment 
systems which w i l l  be used, 

Similar 

The need for  reentry data at  I . m r  

In  t&iition t o  vehicle guidance, support work is required in .  con- 
junction with conceptual lunar orbit  and landing control studies t o  
evaluatc!i mid t e s t  guidance and control concepts employing optica.1. 
sensing devices and efficient attitnde control techniques, 
work i n  -;he: third ccttegoq are projects seeking t o  define the optical 
charactc!:ristics of the earth’s horizon, and the develc)pnt  of simple 
horizon :minning sensors., Work is under way and w i l l  continue u s i n g  
f l igh t  ~xsc!arch vehicles t o  provide needed design data which w i l l .  be 
directly usable fo r  the lunerr reentry maneuvers. 
lat ion fac:ility w i l l  al low testing of the sensing devices needed for  
this work. 

Examples of 

The requested ~iimu- 

The! m u e d  planetary flight, rendezvous, and docking program w i l l  
require ‘;he! development and evaluation of sensor concepts for star 
trackerr;,,  nap matchers, high sensit ivity accelerometers, sextants, and 
optical :xtd.ars, The incorporation of such sensors in%o attitude control 
systems viU require complete simulation of the over-nll control loop, 
including the Lags  and nonlinearities of the actual control j e t s  used. 
The reqtu?ei&i f ac i l i t y  w i l l  provide the necessary optical facili-kies, 
inertial- s : i t i o n  facil i t ies,  special e m u s t  facilities for sp2ial 
&el, arid supporting instrumentation t o  a l l o w  rapid progress i n  the 
developraenl; of such sys terns. 

C. FACIXCTY CONSTRUCTION AeJD ~DIFIC~IOMS......,.,.. ,....... 371, OW 

LrJ)o:-atory building . e (18,600 s q u m  fee t  at $1-9.95 
per squgtre foot ) e . . $3i71, OOO 
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D. EWIPMEEJT, I ” T B T I O R ,  AND suppoRT ~STEXS..  . . . . 
Test a,pparatus.. . . . . . . . . . . . . . . . . . . . . . . . . . . $300,000 
Instrumenlxtion and re@-out e q u i p n t .  . . . . . 550,000 
Electrical equipmnt ......................... 25,000 

$875,000 

Total estimated cost. . e . . $1,366,000 - 
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FISCAL YEaR 1963 ESTIMATES 

VEHICLE A H " A  !TEST FACILITY 

An antenna test f a c i l i t y  is required fo r  use i n  reentry environ- 
ment arid other flight programs and t o  serve as a tool. for  advanced 
general- research and developslent on antenna systems fo r  vehicles 
utiliziilg radio telemetry. 

1 9 ~  f ac i l i t y  w i l l  include two indoor radio-frequency anechclic 
antenna test chambers, one chamber t o  be used for  antennas ut i l iz ing 
the frequency range betveen 100 mc and 1 kmc and the second fo r  the 
frequency range 1 kmc t o  80 kmc. 
provided. 
wave sy;tems laboratory or as a l o w  noise receiving techniques labora- 
tory. 'fie laboratory buildiag will consist of the test range area having 
a cei1:iizg height of approximately 35 fee t  and a one-story w i n g  containing 
the rermining work area, 
on the :eo:Uowing page. 

An antenna assembly area will be 
A separate screened room w i l l  be available as ei ther  a micro-. 

A sketch of the proposed f ac i l i t y  i s  Eihown 

Work i s  underway on several space fl ight projects involvm; the 
use of inu:Lt;istage launch vehicles and the i r  payloads,, and on general 
long rtuigc research and development projects on data transmissicm 
techniqiei; uti l izing radio telemetry. These pro jecta; involve the 
simltaieous use of several radio-f requency receivers and transmitters 
which lais-t be provided w i t h  noninterfering antenna systems which radiate 
e f f i c i e i t  ly t o  illuminate the ground telemetry and tracking stations e 
The prO3lm is  further aggravated by the fac t  that the data trartsmissiori 
must continue when the vehicle i s  immersed i n  highly ionized gases 
during pecntry. 
door rmge under the diff icul t ies  imposed by extraneous signals due 
t o  ref:Ll?ction from surrounding objects and by enviroilmental r a b o  noise 
due t o  nearby e@pment. 
work tht can be done. 
evolving we more c r i t i ca l  of noise envi romnt  and cx.nnot be satisfac- 
t o r i l y  tested on the outdoor range. 
so thxt design, deve lopn t ,  and adjustment of new high gain antenna 
systems c w  be accomplished effectively and economically t o  meet the 
expanding requirements, The screened room, which w i l l  be provided as a 
micsowzve and l o w  noise receiver techniques laborato:ry, i s  required for  
the development of high sensit ivity receiver equipn~iits and Tor the 
adjustzent of receiver-transmitter units required f o r  antenna testing;. 

A t  present, antenna tests are accoq?lished on IW out- 

Inclement weather also limits the amount of 
%e more complex antenna systems which rcre 

The proposed f a c i l i t y  is required 
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B . SIlIlE :DEVEIX)PMENT AND UTILITY INSTJ&C&TONS. ............... $220,0(x) 

1Jtilities. ................................... $ l ~ , O O O  
OmUng and paving........................... 30,000 

C. FACILITY CONSTIIUCTION AWD ~DIMC~ONS.r.....oo~......oo 

.Anechoic-shielded chanibers. .................. $410, OOO 

Laboratory building. .. (14,820 squctre feet at 
Screened f..~~m...................~...........~ 3O,OOO 

$26.32 per square foot) 390,000 

D. EQUIPMENT, I I ? S m m O N ,  &ID SUPPORT SYS"S.......... 

Antenna range instrumentation. ............... $xX),000 
Iaboratory t e s t  and shop equipment. .......... 145,000 

Hicrowaxe instrumentation.................... 100,000 
Iabomtory s t ~ ~ ~ . . . . . . . . . . . . . . ~ o . . o . . ~ . . .  x)O,ooO 

830, ax) 

645,oco 

Total estimated cost.. ..... $1,725,000 -- 
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NATIQNAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1963 ESTIMATES 

CONSTRUCTION OF FACILITIES - 1963 PRO(% 

LEWIS RESEARCH CENTER 

:Location plan 

Development engineering building ................ 
J3ydrogen heat transfer f a c i l i t y  ................. 
:Lunar propulsion research f ac i l i t y  .............. 
Modernization and reconditioning of Plum 

Brook service facilities.. . . . . . . . . . . . . . . . . . . . .  

.Nuclear rocket dynamics and controls 
f ac i l i t y  ...................................... 

;Space propulsion f a c i l i t y  ....................... 
Total..................... 

$4,650, (:roo 
2,400 000 

6 275,000 

1,508, ooo 

$43, 833,000 -- 
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EXISTING FACILITIES 

LEWIS RESEARCH CENTER 
FISCAL YEAR 1963 ESTIMATES 

LOCATION P L A N  

301 
302 ENERGY CONVERSION LABORATORY 
303 SUBSTATION "M" 

ION AND PLASMA JET FACILITY (UNDER CONSTRUCTION) 

* MODIFICATIONS TO A SPACE ENVIRONMENT TANK (IN STRUCTURE 
16 - UNDER CONSTRUCTION) 

* FACILITIES FOR RESEARCH ON SPACE POWER GENERATION SYSTEMS 
AND COMPONENTS (IN STRUCTURE 7 - UNDER CONSTRUCTION) 

AUTHORILED AND UNDER CONSTRUCTION 

PROPOSED in 1963 ESTIMATES 
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0 low' 2 m '  WOO"' a w  - -1 
S C I L E  

PLUW BROOK STATION 
FISCAL YEAR 1963 ESTIMATES 

LOCATION P L A N  

1030 PIRE WATER TOWER 
2000 RLACIOR B U I L D N G  (OFFICE ETC.) 
Z O O \  REACTOR SERVICES BUiLDLNcI 
2 C i . i  A i n i i O R  W . 4 , L L  , " W E K  
2003 REACTOR COOLING TOWER 
2004 REACTORSLUDGE BASINS 
z"o5 RE-KTOR S U B S T A T ~ O N  A 
2OOb REACTOR SECURITY BUILDING -"". AL^L.L"" , a m  rIU",L 

_"I" I \ ~ ^ - ~ " R C Y L Y  X L L L R l i U N  BAbINL 
2009 REACTOR HOT RETENTION BASINS 
Lolo REACTOR EFFi iiFNT u r i r 0 1 ~ r  I T I T ~ ~ L  

2018 2019 W*REHOUSF WAREHOUSE 

. . . . . .. . - . . 

. ^ ^ ^  .. 

3001 
3301 
1003 
3004 
3105 
3007 
3013 
3200 
3201 
3202 
, z>< 
3234 
3235 
3215 
321" 
3111 
3 z 7 1  
3274 
3275 
327b 
3177 
3278 327? GARAGE WAREHOUSE 

3288 3 2 9 1  
3292 WAREHOUSE 

DOMESTIC WAREHOUSE WATER TOWER 

AI)MINISTRATION ~.-  BUlLDlNG 

HEATING PLANT AND ELECTRICAL SHOF 
GAT PLANT E HOUSE PROTECTION BUILDING 

MEDICAL SERVICES BCILDING 
PERSOPNEL BUILDNG I ~ N A C T L Y E )  

SUBSTATION BIG ISLAND PUMPING B (AND PD'WER STATION PLANT) 

RESERVOIR AND PL'MP STATION (I 
RYE REACH PUMPING STATION 
RAILROAD SCALES 
FUEL OU TANK AND PUMP 
FUEL WAI FR OIL r n w r R  TANK !IN.L.~TP.,E: AND PUMP 

WAREHOUSE 
MAINTENANCE WAREHOUSE SHOP 

WAREHOUSE 
WAREHOUSE 
GARAGE 

SEWAGE PLANT 

3302 AIR COMPRESOR BUILDING 
3310 PUMP HOUSE (INACTIVE) 
3313 WAREHOUSE 
3314 WAREHOUSE 
3350 ROCKET PUMPLABORATORY 

~~ 

3351 ROCKET TURBO-PUMP LABORATORY 
3352 3353 ROCKET ROCKET SYSTEMS TURBWE LABORATORY DYNAMIC9 1 A n  

~ ~ ~ ~ - -  
3354 ROCKET SYSTEMS HYDRAULICS LAB. 
3 3 5 5  
335b 
3357 FLUORINE PUMP LABORATORY 
3358 ROCKET SYSIEMS LAB.----(PORTABLE RIGS) 
3359 ALTITUDE ROCKET TEST FAClLlTl l  

3520 3502 

ROCKET TURBWE AND PUMP P L O T  LAB. 
CENTRAL CONTROL AND DATA BUILDING 

3501 SUBSTATION c (AND POWER PLANT) 
RESERVOIR WAREHOUSE AND PUMPING STATION NO. L 

3805 TRUCK SCALE 
3813 WAREHOUSE 

a EXISTING FACILITILS 

AUTHORIZED AND UNDER CONSTRUCTION 

PRUPOSEO IN LYb3 E I l l M A r L 5  

R 
A. >PACE PROPULSION FACILITY 

C .  LUNAR PR0FULS:ON RESEARCH I A C l L l l i  
E. H'2CXUbLn " L A 1  lKANIIlH FACILITY 
E. 

s. NUCLEAR ROCKET DYNAMICS AND CONTROLS FACILITY 

MODERNIZATION A N D  RECONDlTlONLNC OF PLUM BROOK 
C F D ' , . C Z  TbC!L!T!EZ :'::.x:GLz Lc,b̂ 
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LEWIS RESEARCH CEAlTER 

DEVEIQPMENT ENGlXEEXUNG BUILDING 

The, building proposed i n  t h i s  project will. provide off ice  space 
f o r  apprcjxbnately 1250 research m d  engineering personnel, plus service 
areas f c z  Essociated mechanical and e lec t r i ca l  equipment. 

Tb.e structure w i l l  be of s t e e l  frame, masonry and preformed 
w a l l  panel exterior, aluminum sash and doors, acoustical ceilings, 
vinyl ti.1.e floors,  and prefabricated in te r ior  par t i t ions.  Services 
w i l l  incLude hot water heating and air conditioning, the usual p l W -  
ing, e l ec t r i ca l  and elevator services, and comrmmications systems. 
Grounds ~r i1-1  be landscaped and parking space f o r  apprciximately 5ClO 
cars w i L  be provided. 

Bie huilding w i l l  be located on the north side of Brookpark 
Road, dii?ectLy across from the Lewis Center's present entrance as 
shown i n  the drawing on the following page. A short roadway, paosing 
under the eastern end of the Brookpark Road Bridge, w i l l  connect the 
new and old areas. The new roadway, plus a relocation of the present 
entrmce? road, w i l l  also a l lev ia te  an existing serious t r a f f i c  ccages- 
t i o n  a t  - h i s  point by eliminating all l e f t  hand turns on the highway. 

Tile proposed development engineering building i t 3  needed t o  house 
the new employees scheduled t o  be added t o  the k w i s  Center staf'f. 
Space f o r  those reporting during the current f i s c a l  year, and ea]-ly 
i n  the :Piscal year 1963, w i l l  be provided by al ter ing and enlarg:i.ng 
existing buildings. However, the t o t a l  number of emp:Loyees anticipated 
by the t?.nd of 1963 cannot be accommodated i n  existing o r  presently . 
authorized buildings. 

Most of the new employees w i l l  be engaged in  the management and 
direction (of system development contracts placed w i t h  various inchstrial 
organizisticms. 
close touch with the l a t e s t  research and other supporting t e s t  p:i?ograms 
being ccmd.ucted i n  the Lewis Center's own f a c i l i t i e s .  
fo r  the new building is  admirably s i tuated for both these functions. 

A t  the sane time, it is important tha-t they keep i n  

The s i t e  proposed 
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A. 

B. 

C. 

D. 

E. 

Site :prepsration.. ..................... $94,700 
Under:pa;ss and access road. . . . . . . . . . . . . .  200, ooo 
Entry gate...............o.e......~o... 25, OOO 
Road3 and parking areas. . . . . . . . . . . . . . . .  no,  OOO 
Vt;il:lty extensions and connections. .... 357,800 

FACILITY CONSTRUCTION AND MDDIFICATIONS......**.ooo.* 

Building construction. . (171,000 square 
feet at $19.50 per square foot) ..... 3,330,000 

EQUIPMEI?T, I N S P ~ N P A I C I O N ,  AND Suppo#II SYS!l!EW. 

Office furniture, f i re  fighting equipment, ............ and. a.uditorium equipment 322,500 

32% 5 0  

Total estimated cost . . . . .  ... _$4,650,000 
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W I S  RESEARCH CENTER 

FISCAL YEAR 1963 ESTlXA!I!ES 

HYDROGEN HEXL! TRANSFER FACILITY 

This fa,cil i ty consists of an inductively-heated heat reservoir 
(pebble bed) and associated f l u i d  storage and flow systems connected 
t o  a test section wherein research studies w i l l  be conducted. The 
e lec t r ic  induction heater w i l l  heat the pebble bed t o  a temperatura of 
5,OOO'R over a period of hours with an iner t  atmosphere present i n  the  
bede By means of a suitable valving arrangement, the bed w i l l  then be 
used t o  ra i se  the tenrperature of gaseous hydrogen t o  about 5,000°R. 
A t  a design flow condition of 4-1/2 pounds per second, 1200 psi  an3 
5,00@R, the: length of run w i l l  be 2 minutes. 
of 40 b-h;. per square inch per second, which i s  comparable t o  those 
calculated for nuclear soeket nozzle3 w i l l  be theoretically attainable 
i n  the t e : ; t  section. 

Maximum heat-flux 1eve:ls 

T h i s  f a c i l i t y  w i l l  be located at the Plum Brook Station t o  minimize 
the compl-ex:ity of the hydrogen disposal problem. 
f a c i l i t y  are a l l  safety systems, f u e l  handling systems, u t i l i t i e s ,  
structures and s i t e  improvements that a re  required. 
diagram o:F the  proposed ins ta l la t ion  is  shown on the following p e e .  

Included i n  the 

A schematic 

"he f a c i l i t y  as original ly  included i n  the f i s c a l  year 1962 
program ims proposed fo r  construction on the s i t e  of the Lewis Cetlter 
at Cleve:bm3> Ohio. The project was temporarily deferred so that 
other projecks of more immediate p r io r i ty  could be bui1.t with the 
available fands. Design studies were continued, however, and the 
Plum Eirook s i t e  was determined t o  be preferable. The main consider- 
a t ion fo:r %.he Cleveland s i t e  was the  large connected e lec t r ica l  load 
required for continuous hed ing  of the hydrogen. Present plans for  
a pe-bble-bed heater greatly reduce the  load. 
provides 9 'better margin of safety because of i t s  remote location4 
A reductim i n  the estimated cost of the f a c i l i t y  w a s  c~lso possib:i.e, 

The new s i t e  a lso 

JUST IF1 CATION : 

W i t h  the increased use of: hydrogen as a propellant i n  nucleai- 
and thermal  rockets, a need f o r  a hot hydrogen f a c i l i t y  i s  evidenl;. 
O f  most immediate in te res t  i s  the  nozzle cooling and heat transfe;: 
problem. Exhaust nozzles f o r  nuclear rockets w i l l  be :required t o  
operate with hydrogen gas heated t o  temperatures i n  the range of 
5,0000R. The present state of the art; does not permit delineation of 
the heat t ransfer  and cooling analyses relationships required for the  
deve1opm.en-t of optimum flight-type exhaust nozzles 

CF 8-131 
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Research w i l l  be conducted on t h i s  f a c i l i t y  t o  provide the  in .  
formation necessary f o r  the design and development of sat isfactory 
nuclear rwke t  nozzles. This research w i l l  include basic heat t ransfer  
research and development of various types of nozzle coo.ling systems 
such as regenerative, ablative, and radiation cooling. Research to 
evaluate Snd develop protective and insulating coatings w i l l  a l so  
be undertaken. 
various problems of f l u i d  mechanics can also be studied. 

Compatability of materials with hot hydmgen and 

Full scale research on nuclear rocket nozzles woul(3 be desirable, 
but the clmt would be prohibitive and a suitable t e s t  f a c i l i t y  wou:l.d 
be extremzly complex. The proposed f a c i l i t y  w i l l  permit scale modd 
evaluati0.n of a majority of the heat t ransfer  and cooliizg problems I 

The f a c i l i t y  w i l l  not be limited t o  applications f o r  the nuclear 
rocket but w i l l  also provide a wide range of capability fo r  funda- 
mental hi,Zh temperature studies related t o  e l ec t r i ca l  piropulsion 
systems and materials. 

COST ESTIMbIB: 

A. LAND ,~CQ'UIS~ION...................................~. 

B. Sl3T :DEVELOPMENT AND VTILITY I m M I O N s .  .......... 
Clearing, f i l l i ng ,  grading, and paving. . 
Electr ical  parer extension a n d '  

$37,250 

sulssti&,fon. ........................... 129,000 
Sewage treatment plant.. ................ 2,000 
W,il:L ty  extensions and connections . . . . 36,750 

C. FACILTFY CONSTRUCTION AND MODIFICATIONS..... ......... 
Test .building and shop; explosion proof 

(.L,lOO square f ee t  of high bay 
area plus 1,750 square fee t  of 
:Ll~w bay area; 2,850 square feet at 
$63.00 per square foot). ............ 179, 550 

Addi-;io:n t o  control room at existing 
a:Ltitude rocket test  stand; p i l l  
box construction. e (1,600 square 
fe15t at  $45 . 00 per square foot ) . . . 72,000 

--- 
$205, O W  

251,550 

D. EQUIPlrlEIVC, INSTRUMENTATION, AND SUPPORT SYSTEN5. . 1,747r 450 

Heater, including pebble bed and 

Hydro,gen dewars, t r a i l e r s ,  and piping 
inl3uction heater.. ................... 865,000 

syl;tc..ms.. ............................ 445,000 



Elec'trical controls and instrumentation. e $223,000 
Test section and support systems. . . . . 195,000 
CreJi~.................~~~...~o~~~~~~~o~o 19,45iO 

E. DESIGN .AND E N G I m I N G  SERVICES.......o.ooooo.o...~~~ $& 000 
- 

$2 4co (?O@ 1-.,& Total estimated cost. 



LEWIS RESEARCH CENTER 

FISCAL YEAR 1963 ESTIMATES 

LUNAR PROPULSION RESEARCH FACILITY - 

This. project proposes the  construction of t e s t  f a c i l i t i e s  f o r  
conductirp: edti tude performance evaluations necessary t o  the 
developmerlt of the  propulsion system f o r  the lunar landing stage of 
the Apol1.c) vehicle. 

As indicated i n  t h e  sketch on the following page, the f a c i l i t y  
w i l l  consist of a ve r t i ca l  f i r i n g  t e s t  stand a t  the Plum Brook Station 
similar tcl k'ut larger  than the  present a l t i t ude  f a c i l i t y  (B-1). Tlne 
new f a c i l i t y  w i l l  be located about 2,000 f e e t  from the present staid 
and w i l l  t e  large enough t o  provide suff ic ient  work area around a 
t e s t  chamter approximately 30 f ee t  i n  diameter by 35 f e e t  high. 
t e s t  chamber of t h i s  s ize  should be large enough t o  contain both tile 
engine and f u e l  tanks of t h i s  stage. 
f o r  tes t ing  hydrogen-oxygen engines of appropriate chaniber presswxs 
and expansion rat ios ,  up t o  60,000 pounds thrust under gimballing 
and various part-thrust  operating conditions. 

A 

The f a c i l i t y  w i l l  be designel 

A jacket around the engine and f u e l  tanks w i l l  be cooled w i t h  
l iqu id  nitrogen t o  obtain a l o w  temperature environment. 
i n  the  t e s t  c h e e r  w i l l  be obtained by using a diffuser  on the rocket 
engine exhaust i n  addition t o  a multi-stage steam ejector  system. The 
steam boi le rs  associated with the  present stand w i l l  supply the high 
pressure s t e m  f o r  the  new f a c i l i t y .  
accumulators located at  the  new site. 
and spray coDlers w i l l  a l so  be instal led.  
system a t  the exis t ing stand w i l l  be increased by adding additional 
pumps. The -Jater supply and return l i nes  w i l l  be extended to  the  
new site.  

Low pressures 

The steam w i l l  be piped t o  

The circulat ing water 
A new steam ejector  system 

JUSTDICAT1O:N: --- 

A manned lunar landing mission will require engines with the 
a b i l i t y  t o  start ins tan t ly  upon receipt of the demand for  thrust  arid 
w i t h  control character is t ics  and response r a t e s  which a re  compatib1.e 
with land:i:ig t r a j ec to ry  requirements. Such engines wil:L use high 
energy pro:pe:llants and w i l l  be required t o  start under the  very lov 
temperatwx a d  pressure conditions exis t ing i n  space. I[ t  w i l l  be 
necessary -;o study the  igni t ion character is t ics  and the s t a r t i ng  and 
stopping 1;:ransients and t o  develop an igni t ion system which w i l l  give 
r e l i ab le  :;-;arts under low pressures and a f t e r  being exposed t o  verj' 
low tempeixtures fo r  a long time. The guidance and control systemE 
w i l l  a lso :require the  development of engines i n  which the thrust  can 
be varied over a wide range t o  insure "soft" landings arid control c f  
the  touch--clom point. 

CF 6 - C l  
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The successful accomplishment of the manned lunar mission wLL1 
ultimately depend upon how w e l l  the individual components have been 
integrated in to  a reliable propulsion system. 
necessary tha t  the many components, including f u e l  tankage, pro- 
pellant delivery system, rocket engines, and controls, be designed 
so tha t  they operate free from undesirable interactions and as an 
effective and rel iable  entirety.  Only by tes t ing  these components 
functioning as portions of the complete system can t h e i r  interact  ions 
be accurately determined and a reliable,  trouble-free system of 
adequate performance be developed. 

It is  therefore 

The f a c i l i t y  proposed i n  th i s  project w i l l  provide a sufficient 
simulatics of the space conditions t o  permit the satisfactory develop- 
ment of t8he lunar landing propulsion system and fo r  the qualification 
tes t ing clf the  flight hardware. 
of the existing altiturle fac i l i ty ,  the construction of the new f a c i l i t y  
can be accomplished w i t h  iniportant savings i n  cost and on a schedule 
which vi1 l be compzt4ib.le wfth the Apollo program requirements. 

By the  use of significant portions 

--- A. LANI) ACQUISITIONo.O............O.............e...e.. 

B SITE: DEXELOPGJIE~ AWD UTILITY INSTALLATIONS e e e o o e e o  $240,000 

Mt;e development cn .................... $170r000 
lJtj.2.l.ty connections .................. 70, CIOO 

C FACI1;:I"Y CQNSTRUCTIQN AND MODWICATIONS e o e e e e e 0 1,352,000 

Test, stand struc-hure; three f loors  . 
(15, 200 square f ee t  a t  $80.00 per 

:aqume fQot).  ..................... 1,216,ooo 

s q w e  foot ) .  ..................... 64, ooo 

I?Lunp house addition at  existing 
iiLt;ft;ude rocket; t e s t  stand. e 

(jr 200 squwe feet at  $20.00 per 

~Coiitrol room addit ion at existing 
c2lkitude rocket; t e s t  stand. . { 1,600 
,square fee$ at $45.00 per square 
Fo0.t;). e e 0 e e 0 D e .  " * * e 6 0 e 0 . 0  * 0 .  e .  0 e * 0 72,000 

D. EQUTE'MENP, Z~\T%TEI~MEX"FATIOM, AND SUggORg SYSTEkS. *a 0 
'Ct w8, ooo 

Exhaust system coolers.. e . e ., *.. o . .  486,000 
Exhaus*, system piping, heaters, and 

expansion Joints.. ................. 954,000 
Water system...e.... ................. 572,000 
Propellan% system. ., e * .  ., e e . 0  a 505,000 
S tem system ac@umula%ors............ 7OO,OOO 
Steam system piping, val-ves,, and 

fnsul-aeion..D..O...~~~..o.ooeo.o.o. 375,QOO 
Instrumentation and e lec t r ica l  

equipment. ......................... 486,000 c:? 8-c3 



Total estimated cost. . $6,275,000 
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WWIS l?ESEARCH CENTER 

FISCAL YEAR 1963 ESTIMATES 

MODERJiIZATION AMD RECONDITIONING OF PLUM BROOK SFlRVICE FACILITIES - -I--- 

DESCRIPTICIN: -- 
The Lewis Research Center is  now operating i ts  Plum Brook Station 

on a s i t e  under lease from the U. S. Army Ordnance Department. Arrange- 
ments f o r  permanent t ransfer  of the s i t e  a re  under way. On the s i te  a re  
the f a c i l i t i e s  of the former Plum Brook Ordnance Works bu i l t  durinz 
World War I1 as an emergency and temporary ins ta l la t ion .  After thi? war, 
operations were suspended and the in s t a l l a t ion  kept i n  reserve. Tne 
reconditicning of a number of s t ructures  and service f a c i l i t i e s  i s  now 
required t o  provide f o r  t h e i r  safe u t i l i za t ion  by NASA personnel. 

This project consists of the  a l t e r a t ion  and reconditioning of a 
number of exis t ing buildings; -the construction of two s:mall a d d i t i m a l  
buildings; the renovation and extension of rail f a c i l i t i e s ;  the del2on- 
tamination of cer ta in  areas and buildings; the demolition of surveyed 
buildings and process piping l ines;  and road extensions and improvtsments. 
The location of the proposed work is  shown i n  the sketc:h on the follow- 
i n g  page. 

JUSTIFICAITON : --- 
The construction of NASA f a c i l i t i e s  at  the Plum Brlook Station 

began i n  :L955. 
proximate.Ly e$40,000,000; the  additional projects  being proposed i n  t h i s  
budget w i : L l  increase t h i s  f igure t o  approximately $75,0O0,000. 

!The NASA cap i t a l  investment a t  the stat:ion is  now lip- 

This volume of research f a c i l i t i e s  must depend f o r  support upon a 
war-period b i i l t  f a c i l i t y  involving many miles of highway, railroads,  
undergrown4 services, and e l e c t r i c a l  power services. After  more tllan 
20 years of  ‘Jse many of these u t i l i t y  i n s t a l l a t ions  a re  beginning -;o 
show volutn~3 :failures. 

To drrte, NASA a c t i v i t i e s  have mainly involved the constructio:i 
of f a c i l i t i e s  f o r  which exis t ing services have not been of c r i t i c a l  
importance. 
under construction it i s  a matter of serious concern t h t 2 t  services be 
functions?- t o  a high degree of efficiency. 

However, with the completion of many of the facil i- t ie: ;  now 

The ixpa i r  and modernization of u t i l i t y  and service installat:.ons 
must be urule:rtaken promptly. 
bad road conditions, and other breakdowns have already caused some de- 
lays and pos1;ponements i n  research operations. A s  more f a c i l i t i e s  a r e  

Power failures, breaks i n  water main::, 

CF 8 -~1 



LEWIS RESEARCH CENTER 
FISCAL YEAR 1963 ESTIMATES 

MODERNIZATION AND RECONDITIONING OF PLUM BROOK SERVICE FACILITIES 

'. 

2000' , 4mo' 
- I  

SCALE 

- ROADS 
UWMMM+ RAILROAD TRACKS RECONDITION 

X * UTILITIES I 
@ @@ TNT. AREAS (DECONTAMINATE AND REMOVE) 

0 ADMINISTRATION BUILDING 1 - 
@ HOSPITAL BUILDING 
@ MAIN FIRE STATION I REC;INIITION 
@ COMBINE SHOP 
0 GARAGE 

ALTER 

STORAGE BUILDINGS 

@ MAIN GUARD HOUSL 

@ CRYOGENIC SANITARY CLEANING BUILDING 

@) WASTE DISPOSAL LINES 19000 LIN FT 

m nn,, r o  YnllCC y) U"#LLrn l l Y Y I L  

) NEW 

(DECONTAMINATEI 

DEMOLISH 
3 

0 OLD HOSPITAL BUiLDiNG) 

OTHER PROPOSED FISCAL YEAR I963 FACILITIES 

@ SPACE PROPULSION FACILITY 
@ NUCLEAR ROCKET DYNAMICS AND CONTROLS FACILITY 
@ LUNAR PROPULSION RESEARCH FACILITY 
@ HYDROGEN HEAT TRANSFER FACILITY 



put i n to  :;c?nrice it can be expected that these interruptions will in- 
crease u n k l l t h e  protective remedies proposed i n  t h i s  project a r e  
completed. The significant improvements being proposed are discussed 
be low ; 

'dorking space i s  needed f o r  the additional administrative, 
servi?e,  and research personnel being added t o  the staff of the 
Plum Brook Station. 
mili-tayy and contractor personnel participating i n  research pro- 
j ec t s  b'eing conducted a t  Plum Brook. 
availsble t o  take care of increased requirements for off ice  space. 
The reconditioning of an exis t ing administration building MY- 
meet these needs. 

Additional space is  a l so  needed t o  house 

No sui table  space i s  

The hospi ta l  building requires renovation. The project in- 
cludes new floor t i l e ,  painting, acoustical  ceil ing,  and 1ighl;ing 
f o r  t h i s  building. The main f i r e  s ta t ion  a l so  requires renovation. 
The h.ork t o  be performed w i l l  consist of repairs t o  the f loor;  and 
ceiling, and to the l ighting, heating, and communications systems. 

2le combine shop provides space f o r  shipping, receiving, 
fabri.ca,tion, maintenance, p ipef i t t ing  and carpentry services. 
Repairs w i l l  be made t o  plumbing, drainage, roofing, and e l ec t r i -  
ca l  systems. 
kLcat~i.ng;, and l ight ing f a c i l i t i e s ,  and t o  the building structure.  
A new vehicle l i f t  will a l s o  be ins ta l led .  Storage buildings must 
be renovated t o  provide space f o r  t \e storage of stock supplies 
and equipment. 
creme:; it i s  necessary t o  provide additional storage capabili ty.  

Repairs a t  the garage are required f o r  the water, 

A s  the use of the f a c i l i t i e s  a t  P1.m Brook i n -  

A new main guard house i s  needed to provide an adequate 
facj.:Li%y for security purposes and t o  serve as a c:ontrol center 
f o r  coxmnunications during emergencies. 
c le~~i i ing  building i s  required t o  provide s t e r i l e  and controll.ed 
atmo8;plieric conditions for the  cleaning of dewars,, tanks, ve:,sels, 
and erqzine components. 
ins-;al.lation can r e su l t  i n  explosive reactions. 

The cryogenic sanitaiy 

Foreign material  i n  any part  of a t e t , t  

U t i : L i t y  Systems : --- 
The reconditioning and extension of a l l  major u t i l i t y  systems 

a re  needed t o  provide operational r e l i ab i l i t y .  
quires a re l iab le  source of r a w  water i n  large quantit ies;  the 
watcer reservoir and pumping f a c i l i t i e s  mst be ~ i i o v a t e ? ~  and ex- 
teniled t o  insure the required r e l i a b i l i t y .  Improvements t o  {?as 
and steam dis t r ibu t ion  l ines ;  t o  sanitary and storm sewers; iLnd 
t o  the e l e c t r i c a l  and communication systems are required t o  ineel; 
an increasing demand for services and as a matter of good business 
practice.  

llie reactor :/?e- 
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Rai:L rOi3d trackage : --- 
The renovation and extension of rail f a c i l i t i e s  will permit 

the shipment of tank car  quantit ies of helium and l iqu id  hydrogen 
d i rec t ly  t o  the user f a c i l i t i e s .  
i e s  can  be made. The use of rail f a c i l i t i e s  w i l l  r e su l t  i n  lower 
operating costs and longer uninterrupted t e s t  run:;, and will help 
i n s n e  that adequate supplies o f  helium and hydrogen are  ava:i.lable 
t o  :naintain research schedules. 

A t  present only t r a i l e r  de:Liver- 

--- Decontamination, demolition, and removal: 

The decontanination of several  areas i s  required t o  uti.Lize 
the s i t e s  fo r  construction purposes. 
waste disposal l i nes  must a l so  be decontaminated and removed as 
they represent a potent ia l  hazard f o r  explosion. 
have been surveyed and overhead abandoned process piping and poles 
represent a hazard t o  personnel. 
molition and removal. 

Several underground !l!NC 

Buildings vhich 

The project includes t h e i r  de- 

Road. extension and improvement: --- 
‘Ihe exis t ing roadway network consists of narrow country-type 

r0ad.s constructed of a waterbound base with e i the r  a bituminous 
surface treatment (penetration) o r  bituminous concrete surface. 
The road system must now be improved t o  provide f o r  adequate and 
safe  transportation and f o r  off-road parking f a c i l i t i e s  for 
haz~.r6ous gases and cryogenic l iquids  i n  dewars and tube t r a i l e r s .  
The recommended road improvements will provide the necessary 
wid.t,hs, load bearings, and safety features f o r  t h e  transportation 
of the large dewars and tube t r a i l e r s  needed by the roclret systems 
research f a c i l i t i e s .  

--- A. LAM[) ACQUISITION ....................................... 
B. SITE: DIEVELOPMENT AND UTILITY INSTALLATIONS ............. $ 975,000 

Reconditioning and extension of 

ILtKLroad repairs  ........................ 25,000 
Repair and extension of roads ........... 110,000 

i i t 2 i t y  systems ........................ $400,000 

I>tsccmtamination and demolition .......... 440,000 

C, FAC1:I;LIcY CONSTRUCTION AND MODIFICATIONS ................ 458,000 

CIF 8 - ~ 4  



D. 

E. 

RE! conidit i oning of admini s t rat ion 
1)Uj.lding .............................. $203,000 

RE? (: oridi t i oning of hospital. .............. 
Rec:orldi.tioning of main f ire s ta t ion  ..... 8,000 

5,000 
Reconditioning of combine shop .......... 60,000 
Reconditioning of garage ................ 35,000 
Reconditioning of storage buildings ..... 70,000 

N e v  cryogenic sanitary cleaning f ac i l i t y .  65,000 
New nain guard house .................... l2,ooo 

EQUI”HT, INSIIRUMENTATION, AND SUPPORT SYS[cEMS ........... --- 
DESIGN fLND E N G I ” G  SERVICES .......................... 75,000 

-, 

Total estimated cost ....... $1,538,000 - 
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LEWIS RESEARCH CENTER 

FISCAL YEAR 1963 ESTIMATES 

NUCLEAR ROCKET DYNAMICS AND CONTROLS FACILITY - 
DESCRIFT1:OK; : 

_I. 

Thi:, project  consists of modifications and improvements t o  t i e  ex- 
i s t i n g  a l t i t ude  rocket t e s t  stand (B-1) a t  the Plum Brook Station t o  
permit ccmtoinued experimental investigations of a wide range o f  inpor- 
t an t  research problems concerning the dynamics and control of nuclear 
rocket gropulsion systems. 
an analog computer acting on inputs from neutron sensors (or other instru-  
mentation) and by controll ing valves and other system components. 
Primary research equipment w i l l  be provided by a propellant tank, a -turbo.- 
drive uni t ,  suitable l i nes  and controls, and by pertinent reactor par t s  
such as E ,  ref lector ,  a pressure shel l ,  a simulated core, and an exhaust 
nozzle. 
proper drive power f o r  the turbine, thus allowing study of various nuclea;: 
engine cS-cles. Expansion of the exis t ing i n s t m e n t a t i o n  and improvement:: 
in  the a.l.titude pumping system w i l l  also be made. 

The reactor performance w i l l  be simu1,zted by 

A gas generator system and heat exchanger system w i l l  prmide 

The fz .c i l i ty  w i l l  require service from a new 50,QOO KVA e l ec t r i c  
power suttst,ation included i n  t h i s  project,.. This improvement i n  elec-Grit 
power service i s  required because of the increasing demands of exis t ing 
and contemplated f a c i l i t i e s .  In  the nuclear rocket program t h i s  power 
iinprovemnt, w i l l  provide appropriate heating of the engine re f lec tor  so 
:hat a wide range of engine start-up dynamics may be investigated. A 
138,000 Tro1.t transmission l i n e  w i l l  be constructed by the e l e c t r i  2 power 
u- t i l i ty  company and terminated a t  the new substation. The substation 
w i l l .  inc1.uE.e automatic voltage regulating transformers, switch gesr, con- 
trols, m t e r m g ,  and protective equipment t o  provide 34,500 vol t  z lec t r ic  
power f o r  Listribution t o  exis t ing and new f a c i l i t i e s  a t  the Plum Brook 
Station. ?'he exis t ing 34,500 vol t  dis t r ibut ion system w i l l  be mollified 
t o  obtain ntaximum r e l i a b i l i t y  and u t i l i za t ion  of the over-all  e l ez t r i c  
power system. 

A sketch of the proposed f a c i l i t y  i s  shown on the following page. 

JUSTIF1CPSTI:ON : --- 
A l l  s tudies of future space propulsion requirements reveal tne T i -  

portance of' the nuclear rocket. The studies f'urther indicate tha t  the 
nuclear i*oc!ket must be a highly sophisticated device, capable of Dpera- 
Lional f l .exibil i ty,  r e l i a b i l i t y ,  and suff ic ient  performance v e r s a t i l i t y  
t o  adapt. t o  many missions. The engine must be capable of zero-g s t a r t s  
and res ta r t s ,  it must be throt t leable ,  able t o  perform. re t ro  o r  lmding 
fiianeuvers, and capable of powering manned vehicles. Relative t o  these 
ulti.mate objectives, current research f a c i l i t i e s ,  research prograas, and 
hence OLI* c:urrent knowledge of engine design and operation, are  i n  a 
very ruC.jmentary s t a t e .  
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To advance the  technology of nuclear prOpUlSiOn W i l l  require con- 
siderable research i n  new and expanded f a c i l i t i e s .  
research is  concerned, the  Plum Brook rocket systems research facili1;y 
and the propxed f i s c a l  year 1963 project f o r  a hydrogen heat t ransfer  
f a c i l i t y  wi.11 provide capabi l i ty  f o r  t he  immediate future. 
rocket engine is, however, a very complex and highly in te r re la ted  device 
wherein the various influences of one component o r  process on a l l  of 
the  others i n  the engine very strongly d ic ta te  both individual component 
requirements and the  basic design, operation, and performance requirisments 
of the t o t a l  system. Some ex8mples of these overriding and c r i t i c a l  re- 
search problems are the  following: 

As far as componc:nt 

The nuclear 

A primary d i f f i cu l ty  l i es  i n  the  adaptation of the  propellent 
feed system t o  the  reactor t ransient  and control reqdirements. 
T h e  f l u i d  pumping cycle must be controllable from both 8 
hydrodynamic and a nuclear standpoint t o  assure quick, safe 
st,rct,-up and shut-down t r a n s i e n h  Several p s s ' i b l e  turbodrive 
cyclc:s (gas generator, bleed, and. toppi. e ; )  must be investigated 
t o  establish both the s u i t a b i l i t y  of cmrent ly  envisaged 
systems t o  present reactor designs, and a ra t iona l  basis fc i r  a 
se:Lecti.on of components and pumping systems for  future  engines. 
Rectc1;or designs with and without radhrlim shields w i l l  be 
iwrest igated. 

The achievement of sa t i s fac tory  engine starb-u jy  i s  a part;.c- 
u:Lm Ly d i f f i c u l t  research problem. 
in the  reactor, which couples reactor power w i t h  x'eactor flow, 
p:wduces appreciable thermal lags t h a t  have 1% s<;rong influctnce 
o:n the turbopump and propellant flow accelerak-ion and on the 
engine control system. These reactor k a t  tremsfer kinet ics  
m u s t  also be re la ted  t o  reactor nucleonics and to the rest of 
the system t o  detemtne proper gas temp?ratuse schedules 
during startup. 

The t ransient  heat traiisf e r  

Inadyestent inject ion of l iqu id  hydrogen in to  the reactor (core 
can cause an uncontrolled increase i n  reactor power, 
h e a t  capacity must therefore ex is t  i n  t he  re f lec tor  and en,gine 
cool.ing passages t o  assure complete vaporization of the licpid 
hydrogen without i n s t a b i l i t i e s  i n  the flow control. 
cf' these complex processes require experimental investigations 
c l '  unsteady and discontinuous boi l ing of liquid. hydrogen i n  the  
sctveral components of t he  f lu id  system and under the Plow con- 
t,rol. of the  f l u i d  system. 

Sufficient 

Analyses 

E'i~esswization of l i qu id  by hydrogen gas - a system of corlsider- 
able advantage - imposed many problem of control and s t a b i l i t y  
0:: the  pressurizati.on system, - 

F1itiu-e nuclear rockets w i l l  probably u t i l i z e  multiple pump 
t l r b i n e  combinations. 
%ne s t a b i l i t y  of flow and proportioning of loads upon the 
several turbopumps and on t h e i r  controls f o r  safe operation 

Important research problems concerning 

thereby introduced. 

CF E'-E3. 



( f 1 The off-design operation requirements introduced by thro%tled, 
or par t  load, power outputs force all of the components in to  
regions o f  l imited performance or unsafe operation depending 
upon the  mutually interact ing flow, heat t ransfer ,  energy 
input, and energy extraction character is t ics  of the various 
par t s  of the system. 

Most of the above problem areas involve or are closely related t o  
reactor character is t ics ,  both steady s t a t e  and i n  t rans ien t .  
t i ga t e  the? basic nature and t o  develop solutions f o r  a l l  of  these 
problenu; v i t h  a complete system tha t  includes a nuclear reactor w i l l ,  
however,, be extremely d i f f i c u l t  i f  not impossible. Fortunately, reactor 
flow inipetlance and nuclear kinet ics  can be simulated by analog repre- 
sentation:; and the reactor e f fec ts  adequately reproduced i n  the flow 
and con-;rol system by sui table  valves and sensors. 
improved :research f a c i l i t y  i n  which the pr incipal  conzponents of a pro- 
pel lant  delivery system are  coupled t o  simulated reactors and tke  many 
non-nuc'lear system and control problems experimentally investigE.ted w i t h -  
out the large cost, hazard, time, and e f fo r t  involved with a nuclear 
enviroimeiit . 
w i  11 provide t h i s  unique and essent ia l  research capabili ty.  

Tc inves- 

What i s  neell.ed i s  an 

The f a c i l i t y  modifications and improvenients of t h i s  proposal 

TIE present e l ec t r i ca l  service at  the Plum Brook Station consfsts of 
t w o  34, $00 volt  c i r cu i t s  provided by the e l ec t r i c  power u t i l i t y  company I 

These -tqo c i r cu i t s  are  of l imited capacity and are  j u s t  suff ic ient  t o  
serve the exis t ing f a c i l i t i e s .  I n  the event of d i f f i cu l ty  w i t h  e i t he r  
service, $31" outages for maintenance work, it may be necessary t o  curtai:l. 
operat ims i n  pa r t s  of the Plum Brook s i t e  other than the reactor.  

Tne 1-963 construction program proposes two new f a c i l i t i e s  i 5 t  the 
Pl>lifi Brook Station which have large power requirements, a space propul- 
sion f a c i l i t y  and the nuclear rocket dynamics and controls fac i ' l i ty  
discussed i n  t h i s  project writeup. It i s  estimated tha t  these ';wo pro- 
j e c t s  w i l l  require 10,000 KVA and 20,000 KVA respectively. 
e l ec t r i ca l  services do not have suff ic ient  capacity t o  supply t:nis ad- 
d i t i o n d  load. 
provide additional r e l i a b i l i t y  t o  the power supply f o r  the exis t ing 
f a c i l i t i e s  and w i l l  add the necessary capacity fo r  t h e  proposed new facfJ i -  
t i e s .  The new substation w i l l  include a reasonable additional 2apacity 
f o r  future loads. 

The exis t ing 

The in s t a l l a t ion  of a new 50,000 KVA substation w i l l  

COST ESTIMATE : ---- 
.-- - A .  LdLIJD ACQUISITION ...................................... 

B, SI:TE: DEVELOJ?M3NT AND UTILITY INSTALLATIONS . $960, (303 

:34,500 volt  power l i nes  .................. 
20,000 KVA step-down substation.. . . . . .  .... 

$50,000 

200,000 
tj0,OOO KVA substation .................... 7lO,OOO 
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-.. - C FIU2I:LITY CONSTRUCTION AND MODIF'ICATIONSo e qp rn 

H o t  gas generator system ................. 
Analog computer........................... 
Steam system ............................. 
Instnunentation .......................... 
Elec t r ic  heater elements ................. 
Electr ic  heater control system ........... 
Propellant system modification and 

hydrogen dewar......................,... 
Nozzle for bleed cycle ................... 
Hydrogen heat exchanger .................. 
Radiation shield and heated re f lec tor  .* 

assembly ................................ 

$234,000 
295,000 
195,000 
95,000 
150,000 
700,000 

214,000 
80,000 

100,000 

360, ooo 

Total estimated cost .............. :$3> 500,000 - 
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:Ole unique capabi l i t i es  of the proposed space environment 
f a c i l i t y  will permit  the evaluation and d e v e l o p n t  t e s t ing  of complete 
advanced power generation and e l e c t r i c  propulsion systems. 
power 13hange and shutdown transients,  system control and component 
interttctions will be determined, The components o f  these systems w i l l  
include 1% f l i g h t  -type nuclear reactor, turbo-electric power generation 
system, radiator  o r  condenser with associated heat exchangers;, pump- 
ing and control equipmnt, and e lec t ro-s ta t ic  or  ekctro-magnetic 
rocket engines e 

Startup, 

One end of the f a c i l i t y  will house an operating nuclear x a c t o r  
and w : i U  be heavily shielded t o  protect the adjacent chamber and 
surroiinding area from radiation. Separating the two areas w i l l  be 
e ithe:r a flight - w e i g h t  shadow shield for control sy:;tem and t ransient  
iaves-tigations o r  a ful ly  protective shield for endurance studies. 
The tin chambers w i l l  have independent pumping systems t o  avoid con- 
tamination of the large tank i n  case of f a i lu re  of my of the :i?adioact:i.m: 
compo:nents 

Integral  w i t h  the nuclear reactor chamber w i l l  be a heavily shielded 
maintenance, assembly, and disassenibly area which w i l l  have provision 
t o  service the power generation u n i t  as w e l l  as the reactor. 
operated mechanical hands and too l s  w i l l  be provided for model repair  
o r  complete disasserribly and encapsulation following completion of an 
investigation., This provision in  re la t ion  t o  exis t ing enviromental  
chambers gives the f a c i l i t y  its uniqueness. 

.i.iemotely 

Ihe non-nuclear portion of the chamber w i l l  be constructel36f' 
s ta in less  s t e e l  and w i l l  be capable of maintaining a t  l e a s t  10 
Hg pressure, 
temperatures ranging from 70 F. t o  -320 F, as required. Cryo-pumping 
of the e l e c t r i c  rocket exhaust w i l l  be accomplished w i t h  l iquil l  
nitrogen baf f les  (-32O;F.) and l oca l  areas w i l l  be cryo-pumped w i t h  
gaseous he l iumto  -450 F, 

mn 
The walls w i l l o b e  cooled ty modular type  baf f les  t o  

The building t o  house the f a c i l i t y  w i l l  be approximately LOO x 350 
f e e t  and. w i l l  extend about 60 feet above grade level.  
contain the space environment chasiber, the pumping and power supplies 
area, a shop and model, assembly area, a control room, and the hot 
disas2)enbly area. 

The building wi:L1 

A water cooling tower and nitrogen storage tanks 



wZlll)e located adjacent t o  the f a c i l i t y  building. 
officxt building w i l l  be attachedl t o  one end. of the lmger  building, 
The i?tc:ilS.ty w i l l  be loc&.ed at the kw%s Research Cen'TJerws Plum 
Brook sl;at,ion. Sketches and. Smation drawings of Zbe facili-ta are 
preseIkted on the TWJxwing two psages. 

A two-stoxy 

!this m-kionO s advanced propulsion and power genemt.ion units 
currently under construction o r  i n  the design stage must be capable 
of executing complex modes of operation w-i'eh assurance of complete 
r e l i a b i l i t y  a f t e r  exposure tc space environment f o r  extended. periods 
of tjrme. 
capable o f  investigating a com@e%e operating nuclear system, The 
f a c i l i t y  is essential. t,o the successful acconplishain% of ndvaiced 
space programs. Its wiU: 
and evalwtion t o  a small f ract ion of that required by flight ~ s t i n g  
alone; (2)  aUow c t i~ec t :  observation of the opeaaa%ing system md errable 
mre cistailed meaewemn$s t o  be mads coppared to a flight program; 
and (.3) grea-bly enlamce tihe delineation and SO$U%~QIZ ob problem areas 

re l iab i l iky  aspects e To f%%us%m%e, the Snap-8 pw:r generation 
system C-Q~ be succeasfinlly developed by f%Qht tes t ing  abont!. The 
compoilc?n-ts of t h i s  system, the nuclear reactor heat source, t h e  pr-r 
and se~:o~idaffy heat trmsfer loops, %he lfgtlfa mta$ pumps, -the l iqu id  
metal -turbine, afld %he condensing radiat.0~- must all sperate coxpat,ibly 
i n  a sj?ace envi romn% no-& only &,ming steady s t a t e  conditions but, 
during gLk %he transient  opera-kisns each coqonent perform d.w*in$ 
systeri s-;&up. 
involved i n  each component during s t w u p  negates a whole f l ight  t e s t ,  
As bar; been demnstrated, repeateUy in past prodect development9 
progrzuas, ground-baaed. Tacilitie 6; are essent+ia'l; the cost saved in 
time mid money by ebb ina t ing  a single failure In tkte flight: program 
may mol-e tban repay t h e  cost of %he ent i re  facility. 

The propseed facility w U 3  be unique i n  that ft viU be 

(1) reduce the t i m e  required far  detelo-pment 

for t i l l= V W ~ O W  components or  -the ~ystem f r ~ ~ g  both ]?fi~=ct? ana 

A mCL%mct,$on of any of the sequence of opera1,ion.s 

Lthough the various com-ponen%s, such as %he nuclear reactor, 
boiler, radiator, md aceelerator, &ich make ug a c!omplete operating 
nuc1ee.i- system w i l l .  be investigated 88 components, no ather %sc i l i t y  
w i l l  IIE: c!a;pable of inwst.igating the ixzteractLons of the swioxs corn- 
ponent,s on ea& other, These in%erac%ions can seriow$v affect the 
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system performance , dynamic control characterist ics and operational 
s tar tup and shutdown procedures. 
istics of the reactor s tar tup (which may have to  be! accompliskied 
i n  flAg2it f o r  the actual vehicle) must be matched to the intrcitduction, 
pumping,, and control of the l iquid =tal heat t ransfer  work-, f luid.  
The p : ? i r i r a ~ ~ r y  f l u i d  i n  tu rn  a f fec ts  the heat exchanger and the method 
and control of star tup of the secondary loop liquid m e t a l  f luid.  
Power lctvel changes or  shutdown transients  a f fec t  all components t o  
degrws that can only be crude ly  estimated u n t i l  the actual  operation. 

both %he Snap-8 power generation system and the e l ec t r i c  proptilsion 
systaxn based on this u n i t .  Construction of the proposed f a c i l i t y  
should therefore be s ta r ted  early in the fiscal. year 1963. 
and Cksign funds f o r  those portions of the f a c i l i t y  which must be 
planried first have therefore been allocated in the f i s c a l  year 1962. 

For exanple, the m e  chszacter- 

!&e f a c i l i t y  must be available t o  accomplish tihe develop?rsnt of 

Engineering 

Ifwring and a f t e r  completion of the developnent; of propulErion 
systems on the Snap-8 level, the proposed f a c i l i t y  w i l l  be used f o r  
more advaaced systems, at  ion beam power levels  greater than the 
Snap43 capabili t ies,  and f o r  work on major components of the nore 
powei::tUL systems that w i l l  be needed f o r  manned interplanetary 
vehic:Le:s. 

COST IESTIMATE: 
--I- 

:site development ........................ $761,000 
New roads and repair of 

Railroad spur t o  site....., 75,000 
Drainage, open and 

underground,............. u 1 , 0 O O  
Demolition, cleanup, 

grading and filling, , e , . 65,000 
Walks and landscaping...... 9, 000 

34,500-volt power supply.. . 110,000 

existing roads ........... $401,000 

l ~ l e c t r i c a l  installations. .  ............. E1OO,000 

Step-do-xn substation,. . I .  e 

hw-voltage transf orrners, 
switch-gear, and power 
distribution............. 520,000 

systems, ................. 20,OOO 

'70,000 

Control and metering 

Telephone and commnica- 
t ion  system ............. 80,000 



Water, sewer, aad gas 
installations.  ........................ $420,000 
Water tower. ............... 125,000 
Mster lines................ 75,000 
Gas L~ES....*...~......... 65,000 
Sewers, .................... 155,000 

Steam distribution  system..............^ 46,m 

C FACIIJ~TY' CONSTRUCTION NODIFICATIOETS. 0 

4 

@ace propuI.sion facility (main 

lktiritenagce, assembly, and 
disassenibly area; 210 
f e e t  by 100 feet(21,WO 
stpare f e e t  a t  $190 per 

0pei:ations and shop area; 
1:LO f e e t  by 260 f e e t  
(;28,600 square f e e t  at  

s4;n;icture). ........................... 5,563,000 

SCpLre foot ) ............. 3, 990, 000 

$!j5 per square foot).. ... 1,573,000 
NUC leizr shield and load supports . 0 900 ~(100 

0f:lfice and control building. ............ 530,000 
Office area; 30 fee t  by 
230 feet;  2 s tor ies  
plus half basement,...,.. 
(15,000 square f e e t  a t  

Control area; 50 f e e t  by 
50 feet;  1 f loor  plus 
basenent. .. (5,000 
square f e e t  at  
per square foot ......... 200,000 

't~y 50 feet ;  one floor. .. (2,000 
square f e e t  at $1.8 per square foot). 

$22 per square foot)  ..... 330,000 

t" 
Ekcmrity and monitor buildin$; 4.0 feet 

36, ~ 0 0  

IIeating plant. ........................ 80,000 
S3uilding; 40 f e e t  by 40 feet... 
(1,600 square f e e t  at 
$15 per square foot).  . 24,000 

Ijoilers.......*.......... % , O ~  



Cryogenic and other cooling systerns . . 
Jtlectric engine propellant 

condensing system 
u t i l i z ing  l iquid nitrogen 

square f e e t  at $29 per 
... (Approximately 80,000 

square foot ) ........... 2,320,000 

ing water tower. ....... 600,000 

Ion engine water cooled 
target system, includ- 

Beat reJection system 
for  Snap-type 

Space temperature 
condenser..,.,......... 7oo,OOo 

for  payloads........... 750, OOo 
environment system 

v’c,ccLm tank.s. 0 0 b 0 0 

Space sirmilation &timber; 
50 f e e t  i n  diameter by 

tons at $4,200 per ton) 
Special hatches, flanges, 

and vacuum pump 

150 f e e t  long.. . (830 

nozzles................ 260,000 

3,500,000 

Qianiber f o r  reactor and 
power come rs ion un i t  j 
18 feet i n  d i e t e r  
and 22 f e e t  long... 
(60 tons a t  $4,000 
per ton). .............. 240, ooo 

:Pumping systell ls . . . . . . . . . . . . . . . . . . . . . . .~ 
Cryogenic pumps, controls, 

piping, and filters for 
reactor area. .......... 1,100, OOO 

Cryogenic punrps f o r  
e l ec t r i c  engine 
exhaust, nonnuclear 
are8................... 800,000 

F[elium p ~ ~ . . . . . . . . . ~ . . .  500, OOo 

Instrumentation and controlS.........m* 
Data acquisition 

Control systems and 

Consoles, recorders, 

instruarentation ....... 5oo,OOo 

programmers..O......... f-,OOo 

and digitizers......... 300,ooo 

$4,370, OOo 

4, OOO, 000 
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Water treatment system.. . . . . . . . . . . . . . . .  
Safety and radioactivity monitoring 

equipnrent .....................~...DDo. 

Crag~es.......................~......... 
Special. foundations for  equipment. . . . . . 
Decontamination equ ip~nt . . . . . . . . . . . . . .  
Mechanized entry doors. , . . . . . . . . . . . . . . .  
Slavemasters and manipulators.......... 
Special. tools for shop in hot area..... 

$475,000 

169,000 
175,500 
150, oof3 
33,500 
300,000 
616,000 
1~0,000 

E. DESIGIB AKl.3 ENGINEERING GERVICES. . . . . . . . . . . . . . . . . . . . $2,125,1300 -- 
(An edddtional $175,000 has been allocated 
from rmal year 1962 funds) 

Total estimated cos t . . . . . . . . . . . . . . . .  &&%2s 
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