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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YRAR 1963 ESTIMATES
APPROPRIATION SUMMARY

: 1962
1961 1962 Supplemental 1963

SALARTES AND ‘

EXPENSES $(170,760,000)  $(206,750,000) $ - $ -
RESEARCH AND |

DEVELOPMENT (6710,453,000) (1,220,000,000) (85,000,000) -
RESEARCH, IEVELOP-

MENT AND

OPERATION 841,213,000 1,426,750,000 85,000,000 2,968,278,000

CONSTRUCTICN OF _
FACILITIES 122,787,000 2li5,000,000 71,000,000 818,998,000

TOTAL $ 964,000,000 $1,671,750,000 $156,000,000 87,276,000
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NATIORAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1963 ESTIMATES

SUMMARY OF CONSTRUCTION PROGRAMS

Fiscal Year 1962

Fiscal Year Requested Fiscal Year
1961 Appropristed  Supplemental 1963
Ames Research Center. $545,000 $6,115,000 --=  $1k,439,000
Atlantic Missile _

RENGE. «v-vreeneene. 27,321,000 T2,225.000%  $55,000,000 359,963,000
Facility Planning -

and Desigheececesed - 5,154,000 --- 10,000,000
Flight Research

Center..coeeccece. . - -——- -~-- - 1,807,000
Goddard Space

Flight Certer...... 9,500,000 9,180,000 --- 23,780,000
Jet Propulsion ‘

Laboratoryeecesoe.. 8,531,000 3,580,200 --- 10,360,000
Langley Research

Center..... cesene 11,957,000 6,530, 200 ——- 8,092,000
Lewis Research Center 9,590,000 1,040,300 --- 13,833,000
Manned Spacecraft : ,

Center....viencaoss --- 60,000,000_2/ --- 30,755,000
Marshell Spece. '

Flight Center...... 26,208,000 25,716,000 --- 33,437,000
Michoud Plant....... . —-- 980, ooo_/ --~- 18,400,000
Missigsippl Test

FacLlAtye ceeenenons --- 10,090,0002/ 16,000,000 92,500,000

~ Nuclear Rocket -

Development Station --- 15,000,0002/ --- 40,000,000
Pacific Missile Range ko2,000 995,000 - _—
Various Locations.... 28,235,000 44,786,000 --- 127,332,000
Wallops Stetion...... _ 2,090,000 7,965,000 - L, 300,000

Totel..c..coneeens 124,469,000 269,356,000 71,000,000 818,998,000
Transferred from

"Salaries & Expensed’  -590,000 -— ——- c——
Transferred from ' ‘

"Research & Develop-

ment . i -360,000 -24,356,000 - —
Transferrved from _

Departmens of _ ~

Defense...eosevsees =1,070,005 - - ~——
ReBeIrVe.cv sovstosess 338,005 --- —— a—-

Total appropriation $122,787,000 $2i5,000,000 $71,000,000 $818,998,000

1/Includes :4,T00,000 authorized under "Various Locations

2/Included in authorization act under "Various Locations”
w S'2 .



NATTONAL AERONAUTICS AND SPACE ADMINISTRATION
CONGRESSIONAL BUDGET SUBMISSION
FISCAL YEAR 1963 ESTIMATES
CONSTRUCTION OF FACILITIES-1963 PROGRAMS

Page . Project Location
No. ) Location and Project Estimate Total
CF1 Ames Research Center: - $1.4, 439,000

CF 1-Al Location Summsary
CF 1-A2 Location plan

CF 1-A3 Bioscience 1laboratory......c..ce.. $92k,000
CF 1-Bl Mach number 50 helium tunnel..... 1,500,000 -
CF 1-C1 Radiative heat system for mass .
transfer facility.....cccc0ee.. 2,225,000
CF 1-D1 Space flight guidance research
facility.eecoerecoscocesssncnnsa 9,790,000
e 2 Atlantic Missile Range: 359,963,000

CF 2-A1 Location Summary
CF 2-A2 Location plan
Existing Area:

CF 2-A3 Modifications to Saturn launch

complex No. 3h.iciiiieecocans 3,765,000
CF 2-31 Modifications to Saturn launch

compleXx No. 3Tcceieseccensnes 1,150,000
CF 2-C1 Modifications to provide a

launch complex for solid

suborbital vehicles......oue 1,717,000
CF 2-D1. Supporting facilities.....eces 3,000,000
CF 2-E1 Addition to assembly facility

for unmenned spacecraft...... - 2,000,000
CF 2-F1 Explosive safe assembly

facilities for unmanned

BPACECTAI . «vorsreeansaoncans 450,000
CF 2-G1 ~Apollo mission support :

facilities..ceeveeerercscenns 22,510,000
CF 2-H1 Modifications to Titan II

launch COmpleX...ceeeeecsscose 2,400,000
CF 2-I1 Utility installations....ece... 800, 000

CF 5-3
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Location and Project

New Area:
Advanced Saturn launch
complex No. 39..¢.¢..
Advanced Saturn-Nova supporting

facilities..... Ceesesssasecna
Apollo static test facility....
Nova launch complex..... cessene

Utility installations...sceces.

Jacility Planning aend Design.....

Flight Research Center:
Location Summary
Location plan

Building additions.......
Visual flight simulator...ecc....

3oddard Space Flight Center:
Location Summary

Location plan

Applied sciences laboratory......
Attitude control test facility...
Conversion of dynamic test

chamber..ocecesessss sesesssesan
Cevelopment operations building..
Launch phase simulator.......... .

Spacecraft operations facility...
Tracking and telemetry laboratory

Jet Propulsion Laboratory:
Location Summary

Iocation plan

Addition to fabrication services

‘building oooooooooooooooo e s e e o
Data operations and command
facility..veveeeceones cessecene

Engineering mechanics building...
2dditions to materials research
lJaboratories....... ceasesae
Telecommunications leboratory....
Utility installations...ceceveees

LRI )

Project
Estimate

- 39,121,000

5,000,000
79,500,000
22,000,000

10,000,000

1,332,000
475,000

3,175,000
915,000

3,250,000
1,850,000
3,915,000
7,500,000
3,175,000

605,000

2,420,000

3,045,000

610,000
2,860,000
820,000

2

$176,550,000(T)

I)
1)

Location
Total

$10,000,000

1,807,000

23,780,000

10,360,000

CF S-k



Page
No.

CF T

CF T-Al
CF T-A2
CF T-A3
CF T-Bl

CF T-CL
CF T7-D1

CF T-El1
CF T-F1
CF T-Gl

CF 8
CF 8-A1
CF 8-A2
CF 8-A3
CF 8-Bl
CF 8-C1
CF 8-D1

CF 8-El
CF 8-F1

CF 9

CF 9-Al
CF 9-A2
CF 9-A3
CF 9-Bl
CF 9-C1
CF 9-D1

CF 10

CF 10-Al
CF 10-A2
CF 10-A3

CF 10-Bl

Location and Project

Langley Research Center:

Location Summary
Location plan

Ad.di'tion 'tO heating p].axlt IEREE NI

Additional equipment for
magnetoplasmedynamics research...

Additional power suppiy and

* improved arc chamber for 10-

magawatt arc tunnel...

Invironmental research facilities
for spacecraft components and
materialg.coccoscoccecn

Particle accelerator for simulation
of micrometeoroid impacte.c.cc.c.

Staovilization and control equipment
1abOratoryececraenscaacasssasnsaas

Vehicle antenns test facility......

lrawis Research Center:
Location Summary
Location plan
Devzlopment engineering building...
Hydroger. heat transfer facility....
ZLunar propulsion research facility.
Modernization end reconditioning
of Plum Brook service facilities.
Nuclear rocket dynamics and
control facility..coeeveecnnccess
Space propulsion facility..........

Manned Spacecraft Center:

Locatlion Summary

Location plan

Flight acceleration facility.......

Thermochemical test facilities.....

Lunar lending simulation facility..

Site develcpment and utility
installationScecscsssococsosescns

Marshall Space Flight Center:

Location Summary

Location plan

Addition to computa.tlon division
buildingecocoscosscscecssncscoccs

Components test facility..cceeveene

Project
Estimate

$858,000

1,450,000
760,000

997,000
936,000

1,366,000
1,725,000

4,650,000
2,400,000
6,275,000

1,508,000

3,500,000
25,500,000

10,630,000

6,000,000
6,500,000

7,625,000

1,255,000

}4,000,000(I)

Location
Total

$8,092,000

43,833,000

30,755,000

33,437,000

CF 8-5
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No.

49 9899 9 999949 9999 39998 3 3 3

9489 9 49998

10-Cl1
10-D1
10-E1l

10-F1
10-G1
10-H1
10-I1

10-J1
10-K1
10-I2
10-M1

11

11-A1
11-A2
11-A3
11-Bl
11-Cl

11-D1

12-A1
12-A2
12-A3

12-B1
12-C1

13

13-A1
13-A2
13-A3

13-B1
13-C1

13-D1
13-E1

Location and Project

Components and subassembly
acceptance building..ccececeecsans
Engineering and sdministration
bullding.ceeesecesccocnsccssoconas
Expansion of instrumentation '
systems in West Areg....cceevveees
F-1 engine test stand....cecccceceee
Hydraulic test facility...cceoceeee.
Low temperature facility..eececeese.
Modification of West side of static
test stand.eceeeeeescecesereonsone
Engineering building..ceceeeeecscces

Instrument laboratory.....cccecceee.

Support facilities in West Area.....
Utility installations.....cecceevees

Michoud Plant:

Location Summary

Location plan

Modifications to Michoud Plant......

High pressure test facility..cceeees

Hydrostatic test and cleaning »
facility.ccecosoecsetececocenesens

Vertical assembly building..........

Mississippi Test Facility:

Location Summary

Location plan

Advanced Saturn stage test
facilities..cceeeseosoccesoscacans

Nova stage facilities.eevseceevecens

Utility installations and support
facilities.cevecsresceccocncnncess

Nuclear Rocket Development Station:
TLacation Summary '
Location plan
Stage static test and maintenance
facilities.oeeessereosocssssoocncs
Stage demating, maintenance, and
disassembly facilities.....cc..cns
Radiation effects facility.ccecevnes
Components test facilities.cceeceeee
Support facilities.iceceeocerrascnns

Project
Estimate

$950,000

11,400,000
1,000,000

3,000,000
3,000,000

36,000,000
13,000,000

- 13,500,000

20,205,000

8,660,000
7,125,000
1,885,000
2,125,000

E

I
I

)

Location
Totel

$18, 400,000

92,500,000

40,000,000

CF S-6
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CF 1k
1h-A1
14-A2

14 -Bl
14-CD1

14-CD1
14-E1

14-F1

14-g1
14-H1
14-T1
14 -J1
LK1
1411

15

15-A1
15-A2
15-A3
15-Bl

H8839 998993 9 99 8 8 39

=z

15-C1

Project

Location and Project Estimate

Various Locations:
Location Summary
Advanced antenne system

Goldstone Station.......eceees... $14,250,000
Advanced Saturn dynamic test '

facility.ceveeeriansecsencnscannes 2,100,000
Antenne facility, Johannesburg
- Statlon..ceiiiieiitiicatancacesss 5,000,000
Antenns fecility, Woomera Station.. 5,000,000
Date acquisition facility, Far East ,

Station......... 6,000,000
Lata acquisition facility, Rosman

Station.cieciceetecssscncesnncnns 3,500,000
Facilities for F-1 engine program.. 25,000,000(I)
Facilities for J-2 engine program.. 4,000,000 I;
Facilities for M-l engine program.. 16,000,000(I
Manned space flight control centers . 18,000,000(I)
Spece radiation effects laboratory. 12,382,000
Nova stage manufacturing facilities 16,100,000(I)
Wallops Station:
Location -Summary
Location plan :
Advanced data acquisition system... 1,500,000
Modification and expansionh of range

control, safety, and support

systems and equipment.......cov.0. 2,000,000
Vehicle checkout facilities and

equipment..... 800,000

TOTAL, 1963 PROGRAM. . e sevrvnecnnneernn.

(I) Incrementally funded project.

Location
Total

$l27) 332,000

k4,300,000

§8185228!ooo

CF S-T7



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1963 ESTIMATES

CONSTRUCTION OF FACILITIES - 1963 PROGRAM

AMES RESEARCH CENTER

Page

No.
CF1-A2 Location plan
CFl-A3 BiOSCience labora.toz'y’- T2 0SS 00O PSR SPLIENISLCS :!592)4-,000
CFl-Bl M&Ch nmber 50 helium tunnel-..-............-- 1.500,000
CF1-Cl1 Radiative heat system for mass transfer

facili‘ty.ao.occacaQotoooo..u.oo.o-aacaoaoonao 2,225,000

CF1-D1 Space flight guidence research facility....... 9,790,000

Tota]...'.l..........‘..' £‘2u392000

CFl" A]. .



AMES RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

LOCATION PLAN

FACILITIES AUTHORIZED AND UNDER CONSTRUCTION

A, ALL AXES MOTION GENERATOR

B, MODIFICATIONS TO THE FLIGHT OPERATIONS LABORATOR
C. HYPERVELOCITY FREE FLIGHT FACILITY

D, MASS TRANSFER FACILITY

_FROPOSED 1963 PRQJECTS

1. BIOSCIENCE LABORATORY

2. MACH NUMBER 50 HELIUM TUNNEL

3, RADIATIVE HEAT SYSTEM FOR MASS TRANSFER FACILITY
4. SPACE FLIGHT GUIDANCE RESEARCH FACILITY

“AVENUE

DURAND
P —

ARNOLD |

LEGEND
ADMINISTRATION BUILDING
N-201 AUDITORIUM AND CAFETERIA BUILDING
N-:02 ADMINISTRATION BUILDING ANNEX
N-209 ENGINEERING SERVICES BUILDING
N-204 LOW DENSITY AND HEAT TRANSFER WIND TUNNELS
N-208 10-BY 14-INCH SUPERSONIC WIND TUNNEL
N-208 12-FOOT PRESSURE WIND TUNNEL
N-100A 13-FOOT PRESSURE WIND TUNNEL, AUXILIARIES BUILDING
N-207 FLUID MECHANICS LABORATORY
N-208 SUPERSONIC FREE-FLIGHT WIND TUNNEL
N-200 PRESSURIZED BALLISTIC RANGE
N-210 SPACE FLIGHT SIMULATION LABORATORY
N-211 AIRPLANE HANGAR AND SHOP
N-212 STRUCTURAL FABRICATION SHOP
N-213 INSTRUMENT RESEARCH LABORATORY
N-214 MODEL FINISHING SHOP
N-213 7-BY 10-FOOT WIND TUNNEL NO, 1
N-318 7-BY 10-FOOT WIND TUNNEL NO, 2
N-317 1-BY 8 1/23-FOOT HIGH SPEED WIND TUNNEL
N-218 14-FOOT TRANSONIC WIND TUNNEL
N-210 ELECTRICAL SERVICES BUILDING
N-220 TECHNICAL BERVICES BUILDING
N-231 40-BY 80-FOOT WIND TUNNEL
N-222 3-BY 3-FOOT TRANSONIC WIND TUNNEL
N-323 HYPERVELOCITY BALLISTIC RANGE
N-22¢ ATMOSPHERE ENTRY SIMULATOR
N-2356 SUBSTATION
N-226 6-BY 6-FOOT SUPERSONIC WIND TUNNEL
N-187 UNTTARY PLAN WIND TUNNELS BUILDING
N-22TA 11-FOOT TRANSONIC WIND TUNNEL
N-227TB 0-BY 7-FOOT SUPERSONIC WIND TUNNEL
N-237C 8-BY 7-FOOT SUPERSONIC WIND TUNNEL
N-237D UNITARY PLAN WIND TUNNELS, AUXILIARIES BUILDING
N-238 HYPERVELOCITY AIR FLOW LABORATORY
N-23% 3.3-FOOT HYPERSONIC WIND TUNNEL
N-220A 3.8-FOOT HYPERSONIC WIND TUNNEL,
AUXILIARIES BUILDING
N-230 HYPERVELOCITY RESEARCH LABORATORY
N-231 HYPERSONIC HELIUM TUNNEL
N-132 PILOT MODEL OF HYPERVELOCITY FREE FLIGHT FACILITY
N-233 DATA REDUCTION BUILDING
N-234 MASS TRANSFER COOLING AND AERODYNAMICS FACILITY

- EXISTING FACILITIES

FACILITIES AUTHORIZED AND UNDER CONSTRUCTION

N PROPOSED 1963 PRQJECTS




AMES RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

LOCATION PLAN

AVENUE

ARNOLD

S cueb S
DURAND
) P , B

FA

CILITLES AUTHORIZED AND UNDER CONSTRUCTION

ALi, AXES MOTION GENERATOR

MODIFICATIONS TO THE FLIGHT CPERATIONS LABORATORY
. HYPERVELOCITY FREE FLIGHT FACILITY

. MASS TRANSFER FACILITY

w>

oo

PROPOSE!) 1963 PRQJIECTS

1. BIOBCIENCE LABORATORY

2. MACH NUMBER 50 HELIUM TUNNEL
3. RADIATIVE HEAT 3YSTEM FOR MASS TRANSFER FACILITY
4. SPACE FLIGHT GUIDANCE RESEARCH FACILITY

LEGEND
ADMINISTRATION BUILDING

R-101 AUDITORIUM AND CAFETERIA BUILD NG
N-202 ADMINISTRATION BUILDING ANNEX
N-203 ENGINEERING SERVICES BUILDING
N-304 LOW DENSITY AND HEAT TRANSFER WIND TUNNELS
N-308 10-BY M-INCH SUPERSONIC WIND TUMEL
N-306 12-FOOT PRESSURE WIND TUNNEL
N-206A 13-FOOT PRESSURE WIND TUNNEL, 4UXILIARIES BUILDING
N-307 FLUID MECHANICS LABCRATORY
N-208 SUPERSONIC FREE-FLIGHT WINC TUNNEL
N-200 PRESSURIZED BALLISTIC RANGE
N-310 SPACE FLIGHT SIMULATION LAEBORATORY
N-211 AIRPLANE HANGAR AND SHOP
N-212 STRUCTURAL. FABRICATION BHOP
N-213 INSTRUMENT RESEARCH LABGRATORY
N-214 MODEL FINISHING SHOP
R-218 7-BY 10-FOOT WIND TUNNEL NO, |
N.318 7-BY 10-FOOT WIND TUNNEL NO, 2
N-117 1-BY $1/2-FQOT HIGH SPEED WIND TUNNEL
N-218 14-FOOT TRANSONIC WIND TUNNEL
N-219 ELECTRICAL SERVICES BUILDING
N-230 ‘TECHNICAL HERVICES BUILDING
N-231 40-BY 80-FOOT WIND TUNNEL
N-222 2-BY 2-FOOT TRANSONIC WIND TUNNEL
N-233 HYPERVELOCITY BALLISTIC RANGE
N-234 ATMOSPHERE ENTRY SIMULATOR
N-238 SUBSTATION
N-220 6-BY 6-FOOT SUPERSONIC WIND TUNNEL
N-337 UNITARY PLAN WIND TUNNELS BUILDI NG
N-2I7A 11-FOOT TRAI IC WIND TUNNEL
N-227TB 8-BY 7.FOOT SUPERSONIC WIND TUNNEL
N-221C €-BY 7-FOOT SUPERSONIC WIND TUNNEL
N-227D UNITARY PLAN WIND TUNNELS, AUXIL. ARIES BUILDING
N-22¢ HYPERVELOCITY AIR FLOW LABORATOR'
R-30 3.5-FOOT HYPERSONIC WIND TUNNEL
N-2329A 3.5-FOOT HYPERSONIC WIND TUNNEL,

AUXILIARIES BUILDING
N-230 HYPERVELOCITY RESEARCH LABORATOF Y
N HYPERSONIC HELIUM L
N-232 PILOT MODEL ©)F AYPERVELOCITY PREE TLIGHT FACILITY
N-293 DATA REDUCTION BUILDING
N-234 MAS8 TRANSFER COOLING AND AERODY NAMICS FACILITY

N - EXISTING FACILITIES

FACILITIES AUTHORIZED AND UNDER CONSTRUCTION

m PROPOSED 1963 PROJECTS




AMES RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

BIOSCIENCE LABORATORY

DESCRIPTICN:

A bicscience laboratory is proposed for construction to provide the
research facilities, offices, and support functions for systemic and sub-
systemic research in the separate but related fields of immunology and
genetics, radiobiology, and exobiology. The lsboratory structure will
provide approximately 26,900 square feet of space in the general arrange-
ment showr in the sketch on the next page.

JUSTIFICATION:

Life sciences, from the space point of view, comprise the functions
involved in the basic biological exploration of space and those aero-
space medicine activities required for manned space flight. The proposed
facility is necessary to permit a modest in-house capability to be ac-
quired in the area of space biology similar to the manner in which in-
house capability has been provided for other scientific disciplines in
the physical and engineering sciences. Aero-space medicine activities,
as such, will not be conducted in the facility although limited special-
ized investigations may be underteken in physiological and behavioral
sciences., Necessary data in the aero-space medicine field will be
acquired by grants and contracts with universities, or contracts with
industry, and by use of the extensive aero-space medicine facilities
already in existence at various Department of Defense installations.

The research programs to be conducted in the proposed facility will
concentrate on the mechanisms underlying biological phenomena of hyper-
sensitivity, immunological paralysis and immunological tolerance, and
how the space environment interacts with these responses. The genestic
basis of individusl differences in responses to particle radiation will
be investigated. The responses to particle irradiation will be studied
at the organismal, tissuve, cellular, subcellular, and molecular levels.

These studies require basic research in the fields of immunogenetics,
immnocheristry, classical, cellular, and molecular genetics, and
radiobiolegy. The regearch will be designed to use the unigue features
of the space enviromment, such as heavy particle irradiation and
weightlessness, as research tools. The evolution of immunological and
genetic systems will be studied in reference to their possible presence
and state of development on extraterrestrial bodies. Emphasis will be
on in-house experimentation to provide the competence to monitor con-
tractual efforts. An operationally flexible lasboratory building with
facilities for prolonged experimentation is therefore planmed.

CF 1-A3
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AMES RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

BIOSCIENCE LABORATORY

ARNOLD AVENUE
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A brief description of the major research areas to be pursued

follows:

(a) Genetics: Research will be carried out on the effects of
particle irradiation on genetic systems in bacteria, fruit
flies (Drosophila) and inbred mice. The mechanism of genetic
change will be studied at the cellular and molecular level.

(v) Jmmnogenetics: Research will be performed on the mechanisms
involved in the determination of immnologically specific,
geretically controlled, reactions, and the effects of the
gpace environment on these reactions.

(¢) Radiobiology: Research on the basic reactions between ionizing
radiation and living material will be studied, especially in
reference to the heavy and highly energetic radiations found
in space.

(a) Hxobiology: The functional organization of gemetic systems will
be studied to understand their evolution and to correlate
terrestrial systems with those to be found on extraterrestrial
bodies. The analysis of organic materials found in metecrites
will be carried on and integrated with other studies on the
presence and evolution of life systems in the universe.

COST ESTIMATE:
A. IAND‘“:mJ’ISITION...lC.00.0.0I0.0Q!Cl'l...l.ﬂ.....o.to..0' -
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS.ccocecoccscoss $57,200
Strects and pal‘king BY€8eeesescesossscsccncson $37,200
U‘ti:]—it:y connections.l....... 290 0000000000000 20,000
C. FACILITY CONSTRUCTION AND MODIFICATIONSccoococcscccesccsss ‘109, 700
Building... (26,900 square feet at $26.40
per square foot)eesssssescssseess 709,700
D. EQUIPMENT, INSTRUMENTATION, AND SUFPORT SYSTEMS..cccccc.. 107,100
Special built-in equipment, cold boxes
vacuum pumps, and sterilizerS.ceeesceces..s 142,350
Laboratory equipment.ceccesscsscessvscnscscone Lk, T50
office fumitum................CO.C......... m,m
E. DESIGF AND ENC'mRmG‘ ERVICESOOO...........0......0..0. —— _S_OZOOO

Total estimated cost....... _ $924,000

p——————

CF 1-A5



AMES RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

MACH NUMBER 50 HELIUM TUNNEL

DESCRIPTICH:

It ie proposed to construct a Mach number 50 helium tunnel of the
blowdown type with a test section U8 inches in diameter. The tunnel
will utilize interchangesble axisymmetric nozzles to obtain test Mach
numbers cf 30 and 50 at test Reynolds numbers from O.l to l.4 million.
It will be capable of producing 10 consecutive 60-second runs before
requiring & 3-hour pump time to refill high-pressure storage vessels.
If runnirg times longer than 60 seconds are required for special test
purposes, one l0-minute run can be obtained every three hours. The
tunnel wi.l operate at reservoir pressures of 5000 pounds per square
inch and at a maximum temperature of 1500° F. Helium from existing
high-pressure storage vessels will flow through a small electric
heater through the nozzle and test section, into a steam-ejector
vacuum pumping plant. The helium will then pass from the outlet cf
the stean ejectors at near atmospheric pressure through a water-
cooled heat exchanger, used to remove the steam, into a vacuum
storage vessel. From this vessel the helium will be pumped to the
exigting high-pressure storage by the evacuator-compressocr system
used by the existing hypersonic helium tunnel. The sketch on the
following page shows the general arrangement and location of the
proposed facility.

The tunnel will utilize the following existing equipment:

() 1050 cubic feet of 6000-psia storage vessels.

(b) U48-inch diameter 7-stage evacuator-compressor system.
(¢) Helium purifier.

(d) Steam boiler associated with the mass transfer facility.

(e) Transformer snd electrical heater control equipment used in
the hypersonic planetary gas test facility.
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This project includes the addition of the following new equipment:

(a) Test section and two UB-inch outlet-diameter nozzles to pro-
duce ‘Mach numbers of 30 and 50.

(b) Small electric heater to produce .1500° F. outlet helium tempera-
ture (1 megawatt power requirement).

(¢) Cryogenic desiccant bed to supplemént present purifier to pro-
duce outlet helium purity.of 99.98 percent.

(d2) Steam-ejector system (0.2 1b per sec at 0.1 mm Hg absolute).
(e) Cooler to remove steam from helium.

(f) Smell high-pressure control valves, one L8-inch vacuum valve
ard piping. ,

(g) Vacuum storage vessel ({225,000 cubic feet).

L]

(h) High-speed magnetic-tape data acquisition system.

(i) Building to house heater, nozzle, test section, and control
room. ' )

A steam-ejector pumping plant and & supply pressure of 5000 psia
will provide a continuous pressure ratio of at least 250,000 during the
runs. A cryogenic desiccant bed_placed downstream of the present
helium purifier will provide helium with a purity of 99.98 percent com-
pared with the presently available purity of 99.4 percent.

"Models will -be mounted in the tunnel on a cantilevered sting-type
support which will be moved to change model attitude over a wide range
during e test blow. Forces and moments acting on the models will e -
measured with an internal strain-gage balance. 8urface pressures will
be measured by use of fast-acting pressure cells mounted.inside the
models. Surface temperatures will be measured with thermocouples,
and heat tresnsfer will be measured by use of heat plugs mounted inside
the models. All date will be recorded with automatic recording equip-
ment capable of about 2500 samples per second.

One tuilding with an area of approximntely‘EOOO square feet will
house the equipment and control room for the tunnel.

JUSTIFICATION:

Past research has demonstrated the numerous advantages of facilities
using models which are supported in an essentially fixed position during
tests. These advantages, which accrue as a result of increased and im-
proved instrumentation and as a result of accurate control of test con-
ditions, are particularly evident in studies of pressure distributlions, heat-
transfer distributions, and control effectiveness. At the present time
there is no existing facility of the fixed-model type which can generate
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test Mach numbers greater than 26. For advanced projects such as project
Apollo, tests at Mach numbers up to about 4O and possibly higher are
required. Tne possibilities of obtaining such test streams with air as the
medium (certainly the most desirable medium) are at present remote since
such facilities would require equivalent ideal-gas stagnation temperatures
in excess of 30,000 © F. For this reason, use of test media other than
air has been considered. One of the more attractive gases from the
standpoint.-of ease of fecility development. is helium. A helium tunnel
capable of & Mach number of 50 requires stagnation temperatures of only
about 1500° F. The primary shortcoming in the use of helium is that

the gas is monatomic, while air under normal conditions is composed
primarily of diatomic gases. For flight at Mach numbers in the neigh-
borhood of 40, however, most of the diatomic molecules in air will be
dissociated. In many respects this dissociated gas behaves very
similarly to = monatomic gas. There are some shortcomings, however,

and a helium facility for this Mach number range by itself would pro-
vide data of only questionable validity. It is plenned, however, fo

use the proposed facility as a complement to the existing hypersonic
free-flight facility which, with gun-launched models, is also capable

of test Mach numbers up to about 50. This free-flight facility uses

air as a test medium but can be used in the study of models of only
limited complexity. The proposed facility will provide a useful com-
plement to the existing free-flight tunnel for use in detailed studies

in such areas as control effectiveness and pressure distributions. When
questions arise as to the validity of & particular set of data fron

the proposed facility, they can be answered through coordinated tests

in air in the free-flight tunnel. In particular, the proposed facility
will be useful in providing the type of information (load distributions,
hinge moments, etc.) required in the engineering design of a configura-
tion finally selected for a particular mission. At present, such informa-
tion cannct be obtained in this Mach number range with any other exist-
ing or planned facility. The proposed helium tunnel will produce re-
sults throughout the evolution and construction phases of the Apollo
program. r

COST ESTINATE:

A, LAND ACQUISITION.......... et eeec it ——-
B. SITE CEVELOPMENT AND UTILITY INSTALLATIONS $ 45,000
Grading, parking lots and roads...... et $ 25,000
Utility connections......c.ocenvueenineann. .o . 20,000
C. FACILITY CONSTRUCTION AND MODIFICATIONS 620,000
Building (5,000 square feet at $18.00 per
sqQUere Foot)eeeeereneennrins e Ce e eenaan 90,000
Test section and nozzleS......... Cereeeeveaaas 185,000
Piping and valves....oecueeveese Cerreceeneeneas 140,000
Vacuum storage vessel......cecevese b eeesaeanas 205,000
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D. EQUIPMENT,; INSTRUMENTATION, AND SUPPORT SYSTEMS $ 765,000

Hea'ber-ooo.ooo‘--.qonno-.a-ooo--.oooa--o.o$ ,4-5,000
Helium purifier.---..u..........-...‘..... 65,000
Ejectc»rs.-.o......-..............o........ 385,000
Data recording SySteMecsececsccssosasssssos 240,000
Balances and general instrumentation...... 30,000

E., DESIGN AND ENGINEERING SERVICES 70,000

Tote.l. estimted cost..'.......l.....ﬂ...l.....l... $la§oo!9=()‘2
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RADIATIVE HEAT SYSTEM FOR MASS TRANSFER FACILITY

DESCRIPTION:

The proposed radiative heat system will consist of radiative
sources (stabilized, high-intensity electric arcs and imaging optical
systems), a power supply, a cooling system, controls, and instrumenta-
tion. The radiative heat system will be installed in the mass transfer
facility for the purpose of providing a radiative heat flux to a heat-
shield material at the same time that it is being subjected to convec-
tive heating from an arc-heated high-velocity air jet. The system
will provide radiative fliux magnitude and spectral distribution
representetive of peak radiative heating conditions for a manned
lunar vehicle entering the earth's atmosphere., This will require a
flux magnituvde of 500 Btu per square foot per second, with 50 per
cent of the flux in the ultraviolet range of wave lengths and the
remainder ir the visible. The specified flux magnitude is for a 6-
inch diameter model. Provision of the required spectral distribution
at the specified flux levels will require the design and construction
of a special radiation unit. Provision will be made for independent
contrcl of the convective and radiative heat fluxes. A schematic
diagram of the proposed heat system is shown on the following page.

JUSTIFICAIMTON:

A namned vehicle entering the earth's atmosphere from a lurar
mission will be exposed not only to the convective type of heating
that ballistic missiles and satellite vehicles have encountered, tut
also to intense bheating by radiation from the enveloping shock-heeted
air. The provision of adequate thermal protection for occupants snd
vehicle without incurring prohibitive weight penalties demends thet
heat-shield materials be tested under this combined heating envircn-
ment.

Although it would be desirable to test full-scale heat shields,
practical considerations dictate the use of scale models or small
sections of the complete heat shields. Models of about 6-inch dis-
meter are judged to be the smallest practical size for such tests.
This size will allow testing of sections of the complete heat shield
including the ablation material layer, the insulating layer, and the
back-up stricture.

An external radiative source is required to provide the required
flux denszities, and to provide independent control of the radiative
and convective fluxes. Existing facilities which provide high-
enthalpy gas streams can provide a large part of the convection heat
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RADIATIVE HEAT SYSTEM FOR MASS TRANSFER FACILITY
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flux but are incapable of providing the required radiative heat flux
for twec reasons: first, the radiation flux is extremely sensitive to
the tewperature or enthalpy level of the test gas - much more so than
the copvection heeting -~ and the existing facilities provide gas
streams with enthalpies significantly less than those matching
atmosphere entry from a lunsar mission; and second, the radiative heat
flux is directly proportiocnal to model scale even if test stream
velocities and densities are equivalent to those occurring during
entry. For example, the shock-layer radiation intensity for a 6-
inch diamneter model would only be 1/2k of that for & 12-foot dismeter
vehicle. Aithough considerable effort is being directed to increacs-
ing the enthalpy level of the test gas and, if succeseful, will
remove the first limitation, the second limitation still presents &
serious barrier to the adequate research and development of heat
shields for spacecraft retwrping from deep space missions.

The spectral distribution of the radiation must match that
to which a manned lunar vehicle is exposed because of the expectaticn
that the mist efficient thermal protection will be obtained from e
materinl having a different sensitivity to radieticn at different
wave lenghhs,

&.though the manned lunar mission is the problem of immediate
concern, it is clear that the development of heal protection systems
for spacecraft returning from other deep-space missions present
equally difficult and important problems., It should be emphasized
that +he vass transfer facility vhen equipped with the proposed
radlative l1eat system will De useful for research on a wide variety
of problems as well as for specific research and development for
the Apclle program.

COST ESTTHATE;

Aa Mlm.,QC:Q‘:IISITIONoonuae..ADQccost(ﬂn-ooo'e-'-oo-.eoog.o»o o o

B, SITE 2LVELOPMENT AND UYILITY INSTALLATTONS.ceccesosna $75,000
Ui ,.&I‘:) comNect i OnE-snccccocceacocennsn $75, 000
C e F!ACIL»LI’Y CONSTHJCTION i&lq.D MODIFICA’I'IONS«: P00 0060000 L00 50 295’ OOQ

Modification to existing facility..... 145,000
Power distribution within faciiity.... 150,000

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS.::ees. 1,655,000

Radiation SOoUrCeS..cscetesevecsncsancss 915,000
POWer SUPPLYeeosesesososascscsssesannas 280,000
Optica.l System..........-..--.....o.-- 120’000
Cooling systeMecescosoaserscencanscnsces 70,000
Copntrols and instrumentationiecceeceses 270,000
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E. DESIGN AND ENRGINEERING SERVICES...ccec0sscccsscccsee $200,000

Total estimated cost.ese.es $2,225,000
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SPACE FLIGHT GUIDANCE RESEARCH FACIIITY

DESCRIPTION:

Constimiction of a simulator is proposed to undertake research to
obtain the information necessary to the integrated design of the
guidance, stabilization, control, and crew support systems in advanced
manned spac2craft, such as Apollo. The simulator will provide, within
earth-based limits, a reelistic simulation of the environment, acceler-
ations, motion, and tasks for crew and equipment within e representative
space capsule during take-off, midcourse flight, entry, and landing.

The proposed facility 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 instrumentation
necessary to present to the crew a realistic representation
cf the navigation problem.

(b) A computer which will be capable of accepting inputs from the
capsule and crew and of converting these inputs into appropriate
capsule motion commands and visual presentations. To provide
ecceptable computer accuracy, it is expected that analog and
cigital computer techniques will be required in a combined
operation.

(¢) 7The support and drive mechanism for the capsule, consisting
of a rotating centrifuge arm on which the capsule is mounted,
a vertical travel mechanism for the capsule, a girmbal system
and drive mechanism capable of rotating the capsule in ccmplete
freedom about the three axes, and a mechanical brake for
sirulating the impact decelerations of landing.

The figure on the following page shows schematically one possible
capsule suspension, drive, and braking system. The capsule will be
suspended so0 that it has unlimited motion about three axes: roll,
pitch, and yaw. The associated electric or hydraulic drive motors would
be mounted on the pitch gimbal, yaw glmbal, and outer frame, respectively.
The gimbaled system capable of vertical movement will be attached to the
centrifuge arm and will be supported vertically by fluid guides. The
centrifuge arm may be driven by a single or multiple electric motors
operating through multiple chain drives. The simulation of impact
decelerations will be accomplished by a mechanical brake or negative
torque input.
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SPACE FLIGHT GUIDANCE RESEARCH FACILITY
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The centrifuge arm drive system will be capable of centrifugal
onset acceleration rate of 5g per sec to a maximum of 50g, will be
capable of maintaeining the 50g loading for a minimum of 10 minutes
and will be capable of a 5g per sec deceleration rate. Below a
peripheral speed of 60 feet per second the brake will be able to
decelerate the centrifuge arm in a menner equivelent to an impact
landing. With regard to design and construction, although the described
system consists of a numberof falrly well proven subsystems (such as
the chain drive and mechanical brake), the required acceleration rates
in combingtion with the required dynamic response result in large
structural and drive system loads. Due to these extreme requirements
aggravated by gyroscopic effects, a thorough engineering study will
be required to determine the feasibility of various approaches.

A circular room gbout 130 feet in diemeter with special foundations
will house the simulator. Associated medical, equipment, shop, eand
control areas will be included in & new building adjacent to the
circular room. Office spacs for professional operating personnel is
currently available.

Combining the operation of these three elements will meke it
possible to examine realistically, with one exception, the most
important research problems associated with the interrelation of the
elements, mechanical, electrical, optical, and physiological, of tte
space flight mission from take-off to landing. The one exception is,
of course, the question of weightlessness during midcourse flight
which cannot be reproduced acceptably under laboratory conditions.

To minimize the effects of earth gravity during midcourse simulation,
it is proposed to hold the crew attitude close to that judged most
nondistracting, to provide rotational acceleration cues by means of
washout coatrols (initial cue followed by engular-acceleration fade-
out so that little motion results), and to provide important attitude
cues by visual presentation. The centrifuge arm will supply the
moderate wvartical and longitudinsl acceleration cues associated wi~h
midcourse corrective action. Because the midcourse accelerations will
be small, it appears entirely possible to mount the proposed capsule
on the existing Ames centrifuge equipment for this purpose, and early
construction of the capsule and gimbal will allow research to be
expedited. It is impractical, however, to consider combining the
proposed capsule and the existing Ames centrifuge to study launch,
abort, or re-entry.

JUSTIFICATION:

It is apparent that extrapolating past experience will not be an
adequate basis for solving the guidance and control problems of manned
space flight. Since at least the major problems must be solved before
the vehicle flies, piloted simulators are the only recourse. As the
first step in defining requirements, the mission can be divided into
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four segments or types of operation: launch control, midcourse
maneuvering, atmosphere entries, and landings, including impact.

In each of these operations there are requirements for both normal and
for abort or emergency conditions. In addition to the applicable con-
trol task, an effective simulator must provide the proper levels of
stress: linear acceleration, angular motion, heat, vibration, noise,
pressure, impact, duty time (fatigue), appropriate to each segment of
the mission.

It is possible with existing equipment to study individually the
various aspects of a long-term space flight problem, that is, the life-
support systems, the guidance and control systems, the attitude control
systems, the navigational instrumentation, etc. Such studies are being
pursued actively. They will serve to separate promising from unpromis-
ing or unaccepteble systems and to pursue research on promising systems.

However, the interdependence of these various systems will be
great. Thus, it can be anticipated that a system which appears wholly
acceptabls when evaluated separately may well prove unacceptable in
whole or in part as a consequence of incompatibility with other parts
of the system. Representative areas of concern in this regard can be
suggested:

(a) Are the activities of the crew while performing the infor-
mation-acquiring function compatible with the attitude-
control system and its power requirements?

(b) In what way should information be supplied the crew so that
it can be used most effectively for normal and for emergency
conditions?

(¢) How is crew failure recognized and how is automatic or ground
control integrated into the system to take over in event of
crew or on-board-equipment failure?

(d) How well can crew, navigation, and control systems function
as a unit during the critical period of velocity corrections?

(e) Are the navigational and control duties of the guidence
system compatible with the pilot's physiological state when
well into the mission and particularly under emergency con-
ditions?

(f) Is the over-all precision and effectiveness, determined

experimentally, as good as predicted from synthesis of com-
ponent results; if not, where will improvement pay off mnst?
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In considering the questions raised by a study of the research
requirements for an integrated examination of the guidance, stabil: -
zation, control and crew support systems, two requirements stand out
vhich are not met by existing equipment.

First is the requirement to place the crew in the most realistic
environment possible in order to study the compatibility of the crew
under environmentel conditions with the various aspects of the
guidance, navigation and control systems. Regardless of the final
decision as to the primary source of vehicle commend, earth-based or
on-board, there is a need to study on-board control, either as primary
or as back-up. Therefore, a research capablility is required which will
enable the crew to be faced with these tasks under a most realistic
physiological and psychological environment. Existing evidence shows
that crew performance depends heavily on these factors; only when they
are taken into account can adequate research be carried out on the pro-
blem of matching system and crew capabilities.

The second requirement is the need to reproduce motions and
accelerations associated with the complete mission. Iinear and angular
accelerations are the two responses most closely associated with the
pilot control, suggesting a multiple-degree-of -freedom centrifuge as
the basis for the proposed simulator. In the past several years
centrifuges have been used extensively as pilot-controlled simulators,
both for basic research and in specific preparations for the X-15 and
the Mercury operations. Their value has been clearly demonstrated not
only by the research data but by the opinions of the experimental test
pilots used as subjects. The Mercury astronauts have cited the several
series of tests on the Navy's Johnsville centrifuge as the most valuable
part of their preparation.

The proposed facility will have the capability desired for lunar
and other advanced missions. The suggested design is based on operating
experience with existing centrifuges which were nearly all designed ten
or more years ago for medical tests where the subjects were not required
to control the device. The major requirements arising from the short-
comings revealed in existing equipment and the changes introduced by
the lunar mission are summarized in the tables on the following two
pages entitled, "Dynamic Performasnce Characteristics,” and "Environmental
Capabilities."”

Before considering each characteristic and capability separately,
it should be emphasized that the basic concept is a single device
simulating s complete mission in real time by providing nearly gll
stresses except zero-g in their proper sequence. The table entitled
"Environmental Capabilities" has been prepared to show in a qualitative
sense the stress history a crew would be expected to encounter during
a complete lunar mission. It is the opinion of the medical profession
that it would be unwise and that dangerously erroneous conclusions could
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DYNAMIC PERFORMANCE CHARACTERISTICS

Dynamic response

Degrees of of gimbals
"g" Onset "g" Sustained Deceleration freedom (closed loop)
Proposed 5g per second 50g 5g per second 5 Flat to 3 cycles
facility 300g per second per second
below 1/5 rps
Open loop 6g per second 9 - 20g 0.8g per second 1-1/2 ——-
centrifuges maximum with payload
Angular
motion devices - 1g -—— 3 2 cycles
per second
Air Force 80g
Holloman Sled [Tg per second (Few Seconds) 1800g per second 1 -
(Human 1limit)
Navy
Johnsville 5-10g per secondliOg for 60 seconds| 5g per second 3 1 cycle
centrifuge with payload PBOg indefinite per second
Ames Hg per second bg 6g per second 5 2 cycles
centrifuge per second




La-Td0

ENVIRONMENTAL CAPABILITIES
Vibration Long work Interchange
Crew Number Pressure | Temperature and noise cycle of cab
Proposed
facility 3 Yes Yes Yes Yes Yes
Open loop
centrifuges 1 No Yes No Yes No
Angular
motion devices 1 No No No No No
Air Force
Holloman 1 No No Yes - Natural No Yes
Sled
Navy .
Johnsville 1 (2 proposed) Yes Yes (proposed) Yes Yes No (Yes proposed)
centrifuge
Ames
centrifuge 1 No No No No No (Yes proposed)




be reached if the abllity of the crew to perform under any given
stressful conditions were not studied under conditions where the crew
had experienced in a continuous manner the stress history preceding
the situation under study. For example, study of the lunar landing
maneuvers nust be preceded by the stresses imposed by the midcourse
phase; study of lunar activity 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
situatiors outlined above. It is emphasized again that medical
opinion does not admit to the walidity of human capability studies
where the stress history is incomplete or discontinuous. Therefore,
to assess human control capabilities accurately where the crew succes-~
sively copes with precise attitude orientation, retrorocket firing,
landing impact, and take-off control, it is considered mandatory to
experience such phenomena in the correct continuous time sequence.

A discussion of the requirements in the table entitled "Dynemic
Performsnce Characteristics,”" follows:

"g" onset: The proposed rate is based on the existing
capability of the Saturn booster under abort
conditions.

"¢" sustained: The choice here is really how severe ar
emergency atmosphere-entry maneuver the human
pilot will be allowed to consider and prepare
for. Existing entry vehicle designs could
develop up to 340g for limited times for
straight-in entries in unmanned missions; such
an entry is obviously impractical for a manned
vehicle. For the proposed research facility,
therefore, it was decided to assume the pilot
might be required to maneuver to the maximum
human tolerance limit. The design value of 50g
was selected as a reasonable state-of -the-art
advance from the 36g already tolerated by a human
pilot in the water capsule on the Johnsville
centrifuge. Any specific lunar mission in non-
emergency conditions would obviously require much
less capebility, but the research value of the
proposed device would be seriously compromised if
its capability were based on these lesser require-
ments.

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 maximum value (5g per sec), and that related
to final touchdown which is, in effect, an impact
deceleration. The capability of producing the
first of these to the level required follows
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directly fram the ability to achieve the

necessary "g" onset rate and thus requires

no special design consideration. The second,

the ability to bring the capsule to an abrupt

stop from some appropriate approach velocity to
represent the lunar or earth landing impact,

does require some special design consideration.
Although it is possible to provide crew support
for impact rates of 1800g per sec, it 1s probable
that vehicle design could not countenance rates

of this order if vehicle re-use were required.
Therefore, a lower value of 300g per sec was
chosen as the maximum required. The maximum
velocity from which this deceleration would

start was chosen as 60 feet per second, considered
an upper limit of vertical descent rates for space-
craft landing. Thus, a braking system is required
which will bring the arm to a stop from a maximum
of 12 rpm in 0.2 or 0.3 of a second. It is
expected that a straightforward mechanical braking
system will provide the desired deceleration stress
necessary for research on the integration cf the
pilot restraint system with other flight require-
ments.

Degrees of freedom: The degrees of freedom are significant

in that they proportionally reduce the false or
missing motions introduced by an incomplete
simulator. Experience with the three-degree-of-
freedom Johnsville centrifuge and with analytical
studies have stressed the importance of this pro-
blem. Only five degrees of freedom are proposed
simply because we do not know how to build a
complete six-degree-of -freedom device.

Dynamic response of gimbals: A dynamic response that is con-

The items in the

stant to a frequency of three cycles per second
has been chosen to match the short-period
dynamics of proposed vehicles, and to position

"o

the pilot properly with respect to the g +wvector.

table entitled "Environmental Capabilities," are

discussed in the following paragraphs:

Crew number:

This item obviously can be a compromise in the
engineering design study. However, a careful re-
view of three design studies for a proposed manned
lunar vehicle indicates sufficient overlapping of
crew stations and duties to warrant an intensive
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effort to provide a device capable of operating
all three crew stations simultaneously. The real
Justifications for a three-man cab are probably
intangible psychological effects and the need for
emergency~control procedures; therefore, the crew
number should be reduced only if a detailed study
shows an inordinate cost.

Pregsure: Existing techniques for emergency de-pressurization,

‘lemperature:

such as pressure suits or cocoons, must be con-
sldered an integral part of the control-stetion
design problem and included in the simulation.

The possibility of exercising such equipment is
also a useful mental stress which helps corpensate
for the lack of any real anxiety on the part of
the test subjects in a simulation device.

This 1s an important fatigue producing environ-
mental stress and becomes increasingly so :in
longer missions.

Vibration and noise: The same considerations as above gpply

and these stresses must be included in any study
of the cumulative total effect of a flight.

Long work cycle: When missions of the length of a lunar flight

Interchange

are considered, the simulator must incorporate a
life-support system, and provisions must b= made
for testing actual flight hardware.

of cab: Experience has shown that this feature

will be required for a reasonable rate of utili-
zation for a facility 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
if it were necessary to modify continuously one

cab or shell mounted permanently on the simulator.
The present proposal does not include the furnishing
of additional cabs but does contemplate design so
that interchangeebility will be possible. The
decision on the need for the characteristics of an
additional cab, as well as procurement of such a
cab, will be a part of the planning and funding

of future major investigations undertaken with

the proposed facility.
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COST ESTIMATE:

A.

B.

IAND ACQUISITION...cvcvcovnasecans et eeestecatesaansas
SITE DEVELOPMENT AND UTILITY INSTALIATIONS..:eeceesss

Utility connections, parking lots, and roads $9O 000
Electrical connections and dlstribution

BYSteM. s v ev ittt eeiane '260,000
FACILITY CONSTRUCTION AND MODIFICATIONS:..eecevcecsas
Centrifuge System....o.cvveeeerncncaeanss 2,880,000
Vertical Arive....c.oeeeveennnsn baeeasaes - 660,000
Programmed braking device........c.v.v.. - 220,000
Fluid bearing.........c..... Ceeeaeaaaeas 620,000
Three -degree -of -freedom drive........ - 400,000
Three -degree-of -freedom gimbal structure . 550,000
Capsule structure with internal controls 450,000
Centrifuge controls............ cvrereees hho 000
Capsule external controls (less ' -
navigation instrumentation)........... 435,000
BULLAANES e e v v overeaneouneonnnsonnrannnas 685,000
Main centrifuge area and
foundations (17,500 square feet
at $22.00 per square _
foot)eeveven.. Cesesereans 385,000
Control room and support building
(12,800 square feet at
$23.44 per square foot)...300,000
EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS..... .
Navigzation equipment, optical instruments,
and simulated display equipment....... 750,000
Digital-analog computer conversion
equipment......cceieenaann ceceenaneon 700,000
DESIGN AND ENGINEERING SERVICES......ec.ov... cerenneaa
Preliminary design......ceeveeen Ceseedan 250,000
Final detailed design.........c.... eeea 400,000

Total estimated cost....veeveeeene

$ 350,000

7,340,000

1,450,000

650,000

CF1-D11.
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Location Plan

Existing Area:

CF2-A3 Modifications to Saturn launch complex No. 34...
CF2-Bl Modifications to Saturn launch complex No. 37...
CF2-Cl Modifications to provide a launch camplex

for solid suborbital vehicles......... cereenes
CF2-D1 Supporting facilities..... cecsecascsenaas cesseaa
CFa2-E1 Addition to assembly facility for unmanned

spacecraft...coee0 etacescsssssresesessacaeans
CF2-F1 Explosive safe assembly facilities for

unmmanned. spacecraft.... ccecrevececcass seacsnnes
CF2-G1 Apollo mission support facilities........ ceasces
CF2-H1 Modifications to Titan II launch compleX........
Cr2-I1 Utility installations....cceccveienvecccene. ceean

New Area:
Cr2-J1 Advanced Saturn launch complex No. 39.......04..
CF2-K1 Advanced Saturn-Nova supporting facilities......
CF2-L1 Apollo static test facility.......cccececene. .
CF2-M1 Nova launch compleX...cceeeesoee tessacsaesoasrne
CF2-N1 Utility installations...cccoceccocses cesseennan
Total..... seeess oo

$3,765,000

--,150,000

L, 717,000

3,000,000
2,000,000

450,000
222,510,000
2,400,000

800,000

175,550,000
39,121,000
5,000,000
79, 500,000
22,000,000

$359,963,000
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ATIANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES

MODIFICATIONS TO SATURN LAUNCH COMPLEX NO. 3k

DESCRIPTION:

Additions and modifications are required to Saturn launch complex No.
34 to accommodate operational C-l Saturn vehicle design configurations.
The project includes additional liquid propellant blast protectior; an
extension of the service structure rail beams; modifications to e&ir
conditioning, ventilation, and vehicle environmental systems; extension
of the high-pressure gas and transfer system facilities; alterations to
the service structure; and modifications to the umbilical tower to
incorporat:e an escape system, as follows:

(a) Extension of the service structure rail beams: The
service structure rall beams will be extended from
600 feet to 1200 feet from the launch area to park the
structure a safe distance from potential combined blast
effects of hydrogen and other propellants in event of
detonation with larger launch vehicles. The project
will also include vibroflotation compaction to increase
earth bearing values, and installation of concrete
support beams.

(v) Tigquid propellant systems blast protection: The
existing liquid oxygen storage sphere will be "Hardened"
by the installation of a structural tie-down ring on
the sphere with steel cable ties extending from this
ring to concrete deadmen. The protective emplacements
for liquid oxygen transfer equipment will also be
expanded. The existing liquid hydrogen emplacement will
he increased to provide an installation with concrete
Footings for one additional storage sphere. Protection
for the liquid hydrogen transfer pumps and related equip-
ment will be provided by construction of an earth berm
against a concrete revetment. Increased utility services
with the necessary underground cables and ducts will also
e provided at the liquid hydrogen storage and transfer
facility.

(c) Modifications to air conditioning, ventilation, and
vehicle environmental systems: Modifications to the
systems will be required to accommodate the advanced
C-1 vehicle configurations.

CF 2-A3



(d) Bigh-pressure gas systems and transfer facilities: The
existing high-pressure gas systems and transfer
facilities will be augmented and the scope and
capacities of the existing transfer facilities will be
increased.

(e) Modifications to service structure: The service
structure for vehicle handling and erection will be
modified to accommodate various vehicle configurations.
Modifications will provide new or relocated service
platforms, clearance changes between wvehicle and
structure, guying, and wind protection.

(f) Umbilical tower escape system: The structural members
of the umbilical tower will be modified and redesigned
o incorporate a mechanized escape system to enable
the astronaut to leave the spacecraft after the service
structure has been retracted from the space vehicle.

Sketches indicating the location of the proposed work are shown or the
following two pages.

JUSTIFICATION:

The basic Saturn launch complex No. 34 includes all necessary
facilities for handling, storing, servicing, checking out, erecting, and
launching early Saturn vehicles, as well as the required administrative
and logistical facilities, and the special research laboratory facilities
to support various projects included in the initial phase of the Saturn
program. The objectives of the Saturn project were originally limited to
developing and launching large clustered boosters with dummy upper stages
to establish feasibility. 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, meking it necessary to provide capability
for upper-stage propellant loading, control and servicing pneumsatics,
and additional control and monitoring facilities for upper stages. This
work is proceeding with funds provided in the fiscal year 1962.

The need for lasrger vehicles and increased payload capabilities now
requires s further modification of the basic complex. The fiscal year
1962 project did not take into account the, then undeveloped, criteria
on the blast potential of liquid hydrogen fuels. A recent study
produced new criteria which indicated that the fiscal year 1962 project
provided inadequate funds to meet the requirement for safety represented
in this project by extension of service structure rail beams and pro-
tection of the propellant system. The study also produced criteria which
necessitates modifications to the air-conditioning, ventilating, and
environmental systems. Modifications to the high-pressure gas system are

CF 2-Ak
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connected with the environmental systems modifications and with the
employmen® of helium as a Ppressurization agent for upper stages. The
modifications to the service structure will provide for hurricane
protection to the vehicle and for explosive measures in critical areas

of the service structure. The requirement for the umbilical tower escape
system is dictated by safety considerations. With the advent of larger,
higher thrast vehicle concepts, launch facilities and support systems
must undergo continuous modification to provide the required additional
capabilitiss.

COST ESTIMATE:

A- IAND ACQUISITIONoooua-aonoaooonnaooono.o--»ooooonnonona.no - o -
B. SITE DEVELOPMENT AND UTILITY INSTALILATIONS:.c.ccovocecoaas $50,000

Site preparationao'oe..e.oao.o.e..........oo.o. $S0,000

C. FACILITY CONSTRUCTION AND MODIFICATIONS...... cevesecasssos 1,785,000
Extension of service structure rail
bE'anlSouooooooouooneooooaoo nnnnnn ce o005 6eo000 1,030,000
Modifications to service structure...c.oc.... 480,000
Modifications to umbilical tower....... ceceas 275,000
D. EQUIFMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS...... eeses 1,555,000
Protiection of propellant systemsc.....coeeos oo 185,000
Modifications to ventilation, air
conditioning, and environmental systems.... 370,000
Mocifications to high pressure system........ 1,000,000
E. DESICHN AND ENGINEERING SERVICES::ccescceccscans secsscsnces 375,000

Total estimated COStoceocoocsonscsorscncss $3,T765,000

CF 2-AT



ATLANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES

MODIFICATIONS TO SATURN LAUNCH COMPLEX NO. 37

DESCRIPTION:

Additiong and modifications are required to the faclilities within
the dual pead Saturn launch complex No. 37. A drawing of this complex
is shown on the next page. The project includes:

High pressure gas system: Additional ges distribution lines
are necessary to provide services to pad 3TA. This system
will be used for checkout, purge, and pressurizetion of the
vehicle and for the functional operation of the ground
support: equipment.

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

Modifications to service structure: The service structure
for vehicle handling and erection will be modified to ac-
comodate various vehicle configurations. The modifications
will include changes to the structure to provide new service
platforms, the addition of elevators, and clearance changes.

JUSTIFICATION:

The improvements covered by this project are required for launching
Advanced Saturn vehicle configurations. The objectives of the Saturn
project were originally limited to developing and launching large
clustered boosters with dummy upper stages to establish feasibility.
Fiscal year 1962 funds provided dusl pad capability for Saturn launch
complex No. 37; 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 phase 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 & requirement, making it neces-
sary to provide capability for upper stage propellant loading, control

CF 2-B1.
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and servicing pneumatics, and additional control and monitoring
facilities for upper stages. With the advent of larger, higher
thrust vehicle concepts, launch facilities and support equipment
must undergo continuous modification and redesign to provide the

required additional capabilities.

COST ESTIMATE:

A. LAND ACQUISITION:essosovsscscsosascssansnsscsrcascnnsse ———
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS.cscececes -———
C. FACILITY CONSTRUCTION AND MODIFICATIONS..ececcecsass $184,000
Modifications to service structure.....$184,000
D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS..... 828,000
High pressure gas system.......eeesess 276,000
Umbilical tower escape system, Pad A.. 276,000
Umbilical tower escape system, Pad B.. 276,000
E. DESIGN AND ENGINEFRING SERVICES...ceceeescescssccans 138,000

Total Estimated Costes.s. $l.,150‘5,000
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ATLANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES

MODIFICATIONS TO PROVIDE A LAUNCH
COMPLEX FOR SOLID SUBORBITAL VEHICLES

DESCRIPTION:

Modifications are required to the existing Redstone facilities at
launch pad No. 5 to provide a launch facility for solid suborbital
rocket boosters to be used in Apollo development testing. The modifi-
cations will consist of: removing the present Redstone holding mecha-
nism and installing a new holding mechanism for the solid fueled
booster; installing new instrumentation cabling from launch pad No. 5
to the existing blockhouse; modifying the existing service tower to in-
stall a new white room which will be required at the level of the cap-
sule that will be on top of the booster (this white room is required
to provide a dust free, humidity control area where capsule checkout
and minor repair can be accomplished); modifying the present umbilical
tower if possible, or <Ifabricating a new one; constructing a revetment
between tre modified pad No. 5 and the existing blockhouse; and relo~
cating a present road and parking area.

A sketch of the proposed facility is shown on the following page.

JUSTIFICATTION:

The existing pad No. 5 is used for the Redstone (maximum thrust
of 78,000 pounds) program. To utilize to the maximum feasible extent
existing facilities in this area, it is proposed to modify launch pad
No. 5 to handle the greater thrust of a solid fueled booster (maximum
thrust of 250,000 pounds using seven engines). This greater thrust
requires that the holding mechanism for the Redstone be removed and a
new holding mechanism be installed. The fuel to be used by the bcoster
requires safety precautions and safety distances for the supporting
facilities; this condition requires that a revetment be constructed to
protect the existing blockhouse, and that a road and parking area be
relocated.

The conduct of Project Apollo reguires the flight qualification
of spacecraft modules and systems prior to the first manned flight.
Meny of these items can be partially or completely qualified with
suborbital flights with relatively inexpensive launch vehicles. The
proposed boosters will be clusters of available solid fuel rocket
engines (as many as T) mounted in a fin stabilized airframe. These
boosters will be used to gualify the following components:

CF 2-C1
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(a) Command service module:

Launch escape system

Earth landing system

Structural system (partial qualification)

Service propulsion system (partial qualification)
Stabilization

(b) Limar landing module (partial qualification):
Structural system |
Propulsion system
Stabilization system
(¢) Lunar landing propulsion module:
| Structural system
Propulsion systems

Stabilization systems

COST ESTIMATE:

A. I-IAND .A.CQUIsmIoNaoeooooooo.--cno....o.»..o.cc.o.l.co.o—..oan
B. SITE CEVELOPMENT AND UTILITY INSTALLATIONS.:cseceescecosscs

Site preparatioNcccsccescssssssscssassssscsas $30, 000
Roads and parking are@S.cecccccccsscccccssccs 55, 000
Utility connectionSceoosccsscessacscescoscsns 141,000
WALEresoeoesoocoosorooasssassessans $H2,000
SEeWAEE o o0 ooocooescnsacsassssnsasses 17,000
Electricaleccesececssecccccssscseses 82,000

C. FACILITY CONSTRUCTION'AND MODIFICATIONS c esooccesncscecence

Modifications to launch pad NOo 5ccscsccoscos 495,000
Pad modifications and
holding mechanismseccoscocsessoss 465,000
Unbilical towerescesscceccosssseses 30,000
Service structure modificationscecesecscecoccs 350, 000
Extension and modification
OF DOOMesooooeecssasoseoassossess 40,000
Outriggers and towerceecesesssesssss 100,000
Dust and humidity controlesesscs... 170,000
Addition to work platforme.sesese.. 40,000
Blockhouse revetmentocessoecooececcscseosassns 7, 0CO

$226, 000

8352, 000

CF 2-C3



D. EQUIFMENT, INSTRUMENTATION, AND SUPPORT SYSTEMSeseesessss $429, 000

Booster air conditioning SySteme.seeseeesosss $120,000
Fire Imotection Systemo----..........-....a.. 150,000

Comn[un.ication System.l..’...'n........'...‘.. 9,000
Telemetering and command
monitoring instrumentationo-............... B0,000

Capsule and monitoring
cable SYyStemSccecoeeoeeescososssoossensccens 100, 000

E. DESIGN AND ENGINEERING SERVICES:csescssoscececcsccessccee 210,000

Total estimated costeecceceseae ﬁl‘zlziooo
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ATLANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES

SUPPORTING FACILITIES - EXISTING AREA

DESCRIPTION:

This project requests funds for the construction of four support
facilities in the NASA industrial area at the Atlantic Missile Range.
Three engineering and laboratory type facilities and a consolidated. supply
and storags building, &re required in support of all NASA programs. A
sketch of the facilities is shown on the next page. The scope of the
project 1s as follows:

(a) Launch operations facility: An air conditioned
five-story engineering and laboratory building 52
feet wide by 173 feet long will be constructed with
a total gross ares of 45,000 square feet. Building
construction will be reinforced concrete with
masonry walls. It will provide urgently required
engineering and laboratory space for NASA scientific,
technical, project engineering, and coordination
personnel required to support NASA launch operations
at the range.

(v) Addition to engineering operations building: A two-
story addition of 15,300 square feet gross aree will
be constructed on the north end of the exlisting
engineering operations building to provide engineer-
ing office space for 140 technical personnel. The
addition will be air conditioned and will conform
with the architecture of the existing facility.

(c) Central supply facility: This facility will be a
partially air conditioned central supply building
approximately 136 feet wide by 250 feet long with a.
gross area of 33,600 square feet. The building will
be constructed of prefabricated sections on concrete
foundations and a concrete floor slab. It will
permit NASA operations to consolidate their presently
widely separsted general supply activities and to
provide a more efficient supply and storage function
for such items as electronic equipment, and booster,
upper-stage, and spacecraft spa,re parts end
agssemblies.

CF 2-D1.
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FISCAL YEAR 1963 ESTIMATES

SUPPORT FACILITIES EXISTING AREA
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(4) Zngineering and laboratory annex: This facility
will 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 inserts in
conformance with the existing architecture of the
engineering and laboratory building. It will
provide 13,760 square feet gross area. The annex
will be used for the preparation, coordination,
and reproduction of technical information,
including documentation, publications, reports,
technical exhibits, and presentations.

JUSTIFICATION:

NASA's expanding activities at the Atlantic Missile Range require
additional support facilities in the existing industrial area. The large
influx of personnel, supplies, and materials in support of the progrem
will require adequate space for the pursuit of this project.

Existing NASA facilities of the engineering, laboratory, supply, and
storage, type, are occupied to the saturation point. There are no avail-
able facilities to accommodate any part of the planned increases ir NASA
or contractor personnel, or to handle the increased volume of supplies
and materials that will be required to support NASA programs. Timely
construction of these support facilities is an urgent reguirement.

COST ESTIMATE:

A. IAND!L(:QIIISITIONOCIOl..ll...OOCIQ.I..ln‘-...‘l...ul..'.l - -
B. SITE DEVELOPMENT AND UTILITY INSTALLATTONS...ccoeoescses $157,000
Site preparation, grading, and filling..... $171,000
Roads and parking Qref@s...ceseeeceescsseses 73,000
Utility connections.......... ceencesrsesesse 213,000
C. FACILITY CONSTRUCTION AND MODIFICATIONS.....cocecceccnes 1,877,000

Launch operations facility..(}45,000

square feet at $23 per square foot)...... 1,035,000
Addition to engineering operations

building..(15,300 square feet at

$19 per square foot)....... Ceeeecesraeans 291,000
Central supply facility..(33,600
square feet at $9 per square foot)....... 303,000
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Engineering and laboratory annex
(13,760 square feet at $18 per

square foot).eeeeeeenaneans R creeeas $248,000

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS..... cene
Equipment...cccveeeeenn teesesessansonanas . 202,000
Furniture...... O 122,000

E. DESIGN AND ENGINEERING SERVICES..... cesesseseavereans oo
Total estimated cost......

$32k,000
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ATLANTIC MISSILE RANGE

FISCAI, YEAR 1963 ESTIMATES

ADDITION TO ASSEMBLY FACILITY FOR UNMANNED SPACECRAFT

DESCRIPTION:

This project discusses the need for the construction of an air-
conditioned addition to the first section of the spacecraft assembdly
building. The addition will consist of & second floor to the labora-
tory ares and a new two-story engineering and laboratory building with
an attacked high-bay checkout and assembly area at the rear. A sketch
of the addition is shown on the following page.

The engineering and laboratory 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) will be of steel
frame cconstruction, with masonry and esbestos siding for the curtain
walls. Two 15-ton bridge cranes, each having a hook height of e
feet, will be provided in the high bay area for the handling of space-
craft.

JUSTIFICATLION:

Additional laboratory assembly and checkout facilities are required
for the advanced and timely preparation, sterilization, evaluation, and
performance of spacecraft and flight components under closely contrclled
enviromments of temperature, humidity, pressure, fungus and spore-free
ambients, and radiation to simulate expected actual flight conditions.
Larger future spacecraft configurations will also be accommodated in
this addition.

The =xisting spacecraft preparation facilities are inadequate in
both scope and size to meet the 1964 calendar year flight schedules.
The inadeguacy of the existing spacecraft facilities is rurther emphasized
by the concurrent requirements of the Agena-B and Centurvr-based Tlight
programs, including earth orbiter, lunar soft landing, and Venus and
Mars fly-by missions. Provision must be made for the simultaneois pre-
paration of as many as four space vehicles with the additional possible
requirenent of providing back-up vehicles. Longer preparation time
schedules plus over-lapping launching schedules for lunar and planetary
missions, create the requirement for additional payload preparation and
checkout facilities.

CF 2-El
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COST ESTIDMATE:

-A.o IIA-ND.A.':QTJISITION.c.oouo.oo-olouo-cco.co-onttootnoo.ooo-o.-

B. SITE DEVELOPMENT AND UTILITY INSTALIATION...c:eceececccons

Site preparation....veceeees. Ceeerescsscaas $55,200
Parking 8reas...ceecesees eeenaas cevaes cees 18,400
Utility connections....... cersesesencsennen 101,200

C. FACILITY CONSTRUCTION AND MODIFICATIONS...ccsvcvoecsccoccas

Building (45,185 square feet at
$31.18 per square £OOt)..eeeeeonercsssss 1,408,800

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS....e.ee.s.

Bridge cranes (2)....ceeeeevecesnrssacenens 130,000
Furniture. .coccevecreceecsarsarasssocecconnnas 25,000
Special equipment...c.ceceececsssosrocsncee 28,700

E. DESIGN AND ENGINEERING SERVICES...cceccacocssscocsvosccnas

Total estimated costecececeectes

$174,800

1.,408,800

183,700

232,700
$22,000,000
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ATIANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES

EXPLOSIVE SAFE ASSEMBLY FACILITIES
FOR UNMANNED SPACECRAFT

DESCRIPTION:

This project requests funds for the construction of explosive safe
facilities for the final assembly, dynamic and static balancing, and
sterilization of unmanned spacecraft. The project includes:

(a)

(v)

(a)

Final assembly and sterilizagtion laboratory: A
laboratory of approximatley 2,400 square feet of
gross floor area is required. The structure will
b2 of reinforced concrete and revetted as required
to provide blast protection. The building will be
dust-free, air conditioned, and equipped with the
nzcessary spacecraft handling equipment to prepare
the spacecraft for flight.

Capsule laboratory: Approximately 1,200 square

Teet of air-conditioned and dust-free space is needed
for the assenbly, checkout, and dynamic balancing of
the instrumentation capsule and the solid propellant
retromotors. The building will be constructed of
reinforced concrete and revetted as required to afford
proper biast protection. The project alseo includes
handling, checkout, dynamic test, and sterilization
equipment.

Storable liquid propellant motor laboratory: This
structure will provide approximately 600 square feet of
space for the checkout, loading, and pressurizing of the
storable spacecraft liquid propellant motors. The
building will be of reinforced concrete design and
revetted as required to afford blast protection. The
area will be equipped with the necessary test and fueling
equipment, and will provide for the protection of
personnel against toxic propellants.

Irnstrumentation laboratory: This laboratory containing
1,600 square feet of space will provide the necessary
fecility to house electronic instrumentation racks,
consoles, and engineering personnel. The building will
be constructed of reinforced concrete or masonry and

CF 2-F1
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revetted to afford blast protection. It will be
separated from the other lagboratories to provide
maximum protection of personnel during test phases,
and to provide protection in case of an explosion.
The building will be air conditioned.

This project also includes the site preparation, utility connections,
roads, snd parking areas to provide a complete and operable facility. A
drewing indicating the location of the various laboratories is shown on

the preceding page.

JUSTI-ICATION:

The fecilities that comprise this project are required to provide the
laboratory space to handle and checkout spacecraft utilizing solid and
storable liquid propellant motors. With the advent of Ranger, Mariner,
Surveyor, Voyager, and other large spacecraft programs, it is essential
that additional explosive safe assembly facilities be provided. The
existing facilities do not have the laboratory space or the height capa-
bility to meet the requirements for handling or checking out large space-

craft.

COST ESTIMATIE:

A' MNDJS\‘:Q‘JISITIONQI ....... 2 2 & 0 9 & 0 % O 8 S 0 0 et e s G B OB s ae e - -
B. SITE DEVELOPMENT AND UTILITY INSTALLATTIONS.....ceveeeevs..  $150,000

Site preparation......... cisererssiareenassaess  $80,000
Roads 8nd parking are@s.....cecseeecsseecasceas 18,500
Utility connections....eeeeieceecsoennceneacesse 51,500
C. FACILITY CONSTRUCTION AND MODIFICATIONS...e.cececevoanenns 196,000

Building..(5,800 square feet at $33.80 per
E‘»([u&re fOOt).-..--......;--.‘-......‘co'-.c.-o 196’Om

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS.::eeoececes 50,000
Bridge crane...ceeeeaans cecerercsassacnacasanns 35,000
F‘l]ﬂni-ture..ll.".l‘.'a..'.l‘l'. ..... e 0 5 8 86400658 00 ls,ooo

E. DESIGN AND ENGINEERING SERVICES..+eeeecesesernnnsnnnenness 54,000
Total estimated coSt.evvvevssieesesiee.. 450,000
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ATIANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES

APOLILO MISSION SUPPORT FACILITIES

DESCRIPTION:

Several technical facilities are required for the preflight operational
phase of the Msnned ILunar Program. The facilities will be located in the
NASA industrial area at the Atlantic Missile Range. The project includes
the following facilities:

(a) Spacecraft operations and checkout facility: A
facility is required for the modification, assembly,
checkout, and preflight testing of manned spacecraft
and their mechanical and electrical components and
systems. A three story masonry and steel air
conditioned engineering and laboratory building
will be constructed. It will provide a high-bay
assembly and test area and a low-bay fabrication
and assembly area.

The high-bay area will be used for assembly and

test and will adjoin all floors of the engineering
and laboratory areas. It will contain two altitude
chambers and two test pits. A crane hook height of
100 feet will be provided. The fabrication and
assembly area will be located at the end of the high-
bay area and will provide a total of 30,000 square
feet of assermbly ares with crane hook heights of 35
feet.

Laboratories totalling epproximately 30,000 square
feet will provide facilities for testing mechanical,
electrical, navigation, guidance, calibration,
anelysis, and environmental equipment. Data record-
ing, processing, review, and quick-look analysis
facilities will also be provided. A shop area of
4,400 square feet in the basement will provide shop
service at a central point for the entire area. It
will be sultable for the modification and refurbish-
ing of spacecraft and will contain a machine shop,
welding shop, sheet metal and plastics shop,
electrical shop, and battery shop.

A viomedicel facility of approximately 11,000 square
feet is included for crew preflight operations

CF 2-G1



(b)

(e)

(Pl

(a)

reculiar to manned spacecraft functions, and beyond
the normal hospital and medical support to be
provided by the range. Technical facilities include
simulation and training equipment, medical facilities,
sleeping quarters, and food preparation and dining
facilities. Also included will be necessary
briefing, examination, and suiting areas.

The main building includes office space of 75,000
square feet to provide engineering and laboratory
space for approximately 1,000 personnel. The
building includes conference rooms, a library, an
auditorium and a cafeteria.

Reaction control systems facility: A one story
permanent type internally blast resistant laeboratory
type building of 4,000 square feet gross area will
be constructed for testing full size space capsules.
The facility will contain a test cell which will house
reaction control system servicing equipment and the
test equipment which is required in close proximity
to the space wvehicle. The facility will also include
a control room, equipment storage room, personnel
locker room, a special room for cleaning and storing
parts removed from the spacecraft during process of
testing, and external fuel handling and storage
provisions.

Environmental. test and sexrvice facility: The
project includes a one story permaenent type
building of 4,000 square feet gross area to

provide facilities for checking and testing
components and environmental systems installed in
space cgpsules. The building will contain a test
cell and control room, and areas for component
storage, test equipment storage, work shops,

locker rooms, cleaning and storage of capsule parts,
and storage of high pressure gases.

Supply, shipping, and receiving facility: It is
proposed to construct a one story prefabricated
partially air conditioned building of 40,000 square
feet gross area at a central location. The building
will provide facilities for shipping, receiving,
storing and issuing materials and perts for space-
craft. It will also provide shop type facilities
for the meintenance of ground support equipment and
for modifications of this type of equipment to meet
special requirements peculiar to each individual

flight.
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(e¢) Pyrotechnic test, and weights and balance facility:
An explosive safe assembly facility will be con-
structed in the form of a one story blast protected
and revetted masonry building of 18,000 square feet
gross area. The facility will be used for the build-up
of pyrotechnic components and for determining the
weight and the center of gravity of the spacecraft
with assembled pyrotechnic items. The building height
will allow the vertical positioning of the spacecraft.

(£) Ordnance storage facility: A storage magazine is
required for the safe storage of rocket motors and
pyrotechnics. The facility will be used to store
rocket motors for suborbital wvehicles. The building
will be constructed of reinforced concrete or con-
crete block, with a blow-off panel roof, and will be
surrounded on all four sides by a blast deflecting
wall of earth. An overhead crane will provide for
the movement of the large solid rocket motors.

Sketches c¢f the facilities proposed for construction in this project are
shown on the following six pages.

JUSTIFICATICN:

The facilities proposed for construction in this project are required
to conduct tests of crews, performance and operational concepts, relia-
bility, end readiness. The nature of the program will require extensive
training of the crews and evaluation of the spacecraft in a coordinated
program. The facilities will be designed to accomplish a series ¢f highly
technical operations as discussed in detail on the project description.
The proposed rate of launch, and the size, weight, configuration, and
complexity of the proposed spacecraft and their associated payloads, have
dictated <he size of the facilities being requested. There are no
facilities in existence which can be utilized for spacecraft of the weight
and size now planned. The proposed facilities are essential to insure re-
liability of the many elements which meke up the entire flight wehicle.

COST ESTIMATE:

AO mND‘AC‘QUISITION.O..I.I.I:. --------- % 040 00 ® 90060300000 s 000 -
B. SITE DEVELOPMENT AND UTILITY INSTALIATIONS::eceoceesssns $4,010,000
Clea.l'ing....-..... --------- essevesecssvo 0 $150)000
Excavation....... Cecrtsreencanan cesssssacas 100,000
Filling..ccoeveaese e 1,250,000
ROBAS .t ettt eevsassarssssccesssans Ceeecaneas 370,000
Parking areas...... Cereann Cetesetcsscansas 80,000
Fercingececeovoceeoesos sesesescescsoananes 50,000
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ATLANTIC MISSILE RANGE
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Domestic water lines...... cecoscssssscecssss  $LU6,500

Fire protection water lines...... ceserasses 123,500
Water storage....eoccooocoe teoccecseecenn .o 450,000
Sewvage lines.occoccvecoasooancascs seveassnes 225,000
Industrial power lines..... cosocecoossessses 725,000
Critical power lines....... ceencesessccsaes 75,000
Steam lines..... cosesno asessn soecoescscsess 200,000
Comrmunication lines..ceccoeeoss. ceseecsenense 65,000

C. FACIIITY CONSTRUCTION AND MODIFICATIONS.::ceessasneessss $10,645,000
Spacecraft operations and checkout facility
(225,000 square feet at $38.00 per
squere £oot).o... cocseascasesass coseses .. 8,550,000
Reaction control systems fac:Lllty° (h 000
squsre feet at $56.00 per square foot)... 225,000
Environmentel test and service facility..
(4,000 square feet at $56.00 per
SCUATE TOOL) oo ooocssoassccsssonsss ceerans 225,000
ply, shipping, and receiving facility..
40,000 square feet at $12.00 per
square F£Oot)scssoecosccscasossss ceeseas 480,000
Pyrctechnic test, and weights and balance
facility..(18,000 square feet at $56.00
per square Foobt).ceeeceoosacoconnns eesess 1,008,000
Ordnance storage fa01lity .(5,100 square
feet at $30.00 per square foot plus
$4,000 for blast revetment).c...eoceeeess 157,000

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS......... 5,355,000
Spacecraft cperations and checkout facility 4,685,000

Control system power supplies... $150,000
Contrcl system air conditioning 150,000

Heating and cooling system...... 500,000
BElevatorS.iccccecnccoscossas vonee 75,000
Cranes.cooscocecsss sooscocsesacse 175,000
Altitude power systel...... ceoos 875,000
Vacuull pPullPScoecccosoaann essesesss 330,000
Laboratory equipment....... o e001,300,000
Shop equipment....coco000e seseoss 330,000
Service PlatformM.ceocooosoososcs 800,000
Reaction control systems facilityeococecocs 108,000
Laboratory equipment..... ceecsoo 100,000
Shop equipment..cccocoeco cvasces 8,000

CrI* 2-G10



Environmental test and service facility... $175,000
Laeboratory equipment.......... $100,000
Shop equipment....ccoveeenenns 75,000

Supply, shipping, and receiving facility.. 167,000
cr‘m‘a."..‘-.‘...‘.'....Q..C.' lw’wo
Shop equipment...c.ccceveeeesaes 67,000

Pyrotechnic test, and weights and balance

fa‘:i,lity.cooo-c-..----oo.oooa-ncoan-..cl 595,000
CraNG et eeescsssscccacsens 125,000
laboratory equipment..... .o 250,000

Shop eq_uipment........?..... 20,000
Service platform......q..... 200,000

Ordnance storage facility..ceieevecoereses 125,000
CIrone@.ceoeoveeannes esasesesness 125,000

E. DESIGN AND ENGINEERING SERVICES....ccveeveernanaccannnns $2,000,000

Total estimated cost........ cececne 22 ‘510!000
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ATLANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES

MODIFICATIONS TO TITAN II LAUNCH COMPLEX

DESCRIPTICN:

This project covers the conversion of an existing Titan I launch
complex tc¢ a Titah IT launch complex. The complex will be used in the
launching of Titan II vehicles with Gemini spacecraft as payloads. The
proposed rodifications, shown in the sketches .on the following :two pages, are
discussed in greater detail as follows:

() An extension of the erector tower structure is required
to accommodate the modified Titan II launch vehicle which
is longer than the Titan I launch vehicle.

(b) Relocation and the addition of work platforms on the erector
tower will be required because of the difference in lengths
of the Titan IT and the Titan I launch vehicles. Work
platforms will have to be added to provide access to the
Gemini spacecraft.

(c) A higher cepacity jib hoist will be required to facilitate
the holsting of ‘the Geminl spacecraft into launch position.

(d) A "white room" work ares will be required at the level of
the spacecraft. This work area is required to provide a
dust free, humidity controlled area where spacecraft
checkout and minor repairs can be eccomplished.

(e) The capacity of the hydraulic actuator system which raises
and lowers the erector tower must be increased to accommo-
date the greater weight and resulting moment of the modified
erector tower. '

(£) An additional umbilical boom will have to be added to the
exlsting umbilical tower. This boom is required to support
the Gemini spacecraft umbilical cable.

(g) 'The propellant handling and storage systems will require
extensive modification and replacement due to the change
from cryogenic propellants in the Titan I to hypergolic
propellants in the Titan II. This work will include’
rework of the flume and skimming basin systems.
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(h) Provision for the increased tulk storage of propellants
will be required ag a result of the inereased usage cf
altrogen tetroxide and arozene,

JUSTIFICATION:

Project Mercury, the initial step in the lcng range raticnal program
of spacz exploration; ig nearing completiocn. Project 'emlni has been
approved as the follow=-on project to provide e continumus gource of develop-
ment informaticn. The primary purpcse of Project Gemini is to gain exper-
ience in long duration and rendszvous migsions for use in future projects
to extend man®s capabllity in exploring space. Maximum use is being made
of vehicle and equipment development which has already been accomplished
for previcus programs. The Titan II has been selected as the launch
vehicle on the basis of itz status of develcopment and on its capability
of putting the Project Cemini spacecraft into the desired crbit.

At the present tims thers are no launch complexes available which
are capeble of accepting the Titan IT Gemini spacecraft combination.
Titan T launch complexs: ars availsble at the Atleantic Missile Range,
however, which can be medified to meet the basic launch requirements
of the present projest. It is estimated that the planning and design
of the necessgary modifications to a Titan I launch ccomplex will require
approximately three to four months, Approximately twslve monthe will
then be required to procure new equlpm@nt including several long lead
time items, to instzll tkis equipment, and to mocdify the existing
structural. components ¢f the complex. Upon completion of the mcdi-
fications, checks of individuzl components and of the entirs conplex
must be made prior to cperational use in order to insure satlisfectory
and safe performence of all equipment. These checks will require
approxinmately four months after completion of the censtruction phase.

COST ESTIMATE:

Ao LAND ACQUISITIONuooauooooaooooooomaoaooooooooonoaooouonoﬂ g =
Ba SITE ])EWLOPMENT AND LWILITY I.NSTALI&ATIONSQ 6000000000006 o = e
C. FACILITIES CONSTRUCTION AND MUDIFICATIONS.so0000sncsencces 62,187,000

Extension of the erector tower struchursce.e. $500,000
Reloeation snd addition of work platformsceo. 350,000
High capacity Jib hoistecceovsssoscsccossescsocs 5,000
Whita room WOrk B30 00000000000000800300a00600 ﬁu5909@
Increaged capacity for hydraulic actuatOre... 450,000
Umbilical BOCHe cosoooasanacossosacosasssosass  LEL,000
Mcdification and replacement of propellant

handling and storage facilitiefocccescenssce 296,000
Increasged capacity for tulk storage of

propellantSeccoccosscosacoessocsososoocosano 200,000
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-

EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMSecessoss
$213,000

D.
E. DESIGN AND ENGINEERING SERVICES:eeccccessssossscssceses _ §
Total estimated cOSt.eesess.s  $2,400,000
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ATIANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES

UTILITY INSTALLATIONS - EXISTING AREA

DESCRIPTION:

This project provides for the construction and modifications required
to extend the primary utility and road systems to service the new NASA
Pacilities that are to be constructed in the éxisting industriel area at
the Atlantic Missile Range in the fiscal year 1963 program. A location
plen of some of the proposed improvements is shown on the next page. The
scope of the work includes: ‘

(a) Communications: The underground duct systems and -
telephone cabling will be extended from existing
facilities into the expanded industrial area.
Construction will consist of approximately 5,000
linear feet of concrete encased underground ducts
with the necessary manholes.

(b) Electrical distribution: A new double circuit 13.2
KV feeder circult will be installed from the new 69
KV substation to the new NASA facilities in the
industrial area. Construction will consist of
approximately 6 miles of double-circuit pole line
and approximately 5,000 feet of underground cabling
in concrete encased ducts. Two 13.2 KV circuit
breakers will be provided at the 69 KV primary sub-
station.

(¢) Water: The existing potable water system will be
extended to the new facilities. Construction will
consist of approximately 2,200 linear feet of water
mains.

(d) Steam: Steam mains will be installed from the
existing steam plants to the new facilities. The
boiler capacity will be increased by a small addition
to the existing plant. The structure will be a con-
erete block building (20 by 20 feet)with reinforced
concrete foundation and floor slab. The roof will be
of the build-up type on roof panels and bar joists.

{e) sewage: The project includes approximately 2,200
1inear feet of sewage line extensions end an addition

to the sewage plant.
(T 2"Il .
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(f) Roads: Approximately 3,000 linear feet

of 22

feet wide secondary access roads will be added
o serve the new facilities proposed for the

industrial ares.

JUSTIFICATION:

the industrial area.

The proposed modifications and expansions to the existing utility
systems are required to support the new facilities to be constructed in

The cepabilities of the present systems are limited;

in some instances the systems are operating beyond their designed capacity.
The systems must be extended to meet the planned facilities growth.

COST ESTIMATE:

A.

B.

c.

D.

E.

LAND ACQUISITION....... Cereene Ceeresecrsssancsesonranse

SITE DEVELOPMENT AND UTILITY INSTALILATIONS......cccocee.e

Extersion of underground ducts and

telephone cabling...eeeeevss. sessecsecenen
Extension of electrical lines and sub-

stetion installation........... ceesacsvens
Extension of water mains....... ceesressesses
Extension of steam mains including

addition to existing plant......... ersenee

Extension of sewer mains including
addition to sewage plant...cserevecececccs.
Extension of roads....... cevesees caceensenns
FACTILITY CONSTRUCTION AND MODIFICATIONS..........
EQUIPMEINT, INSTRUMENTATION, AND SUFPORT SYSTEMS..

DESIGN AND ENGINEERING SERVICES......... sreesanee

Total estimated cost.......

$93,000

258,000
143,000

189,000

39,000
78,000

$720,000

100,000

$800,000
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ATLANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES

ADVANCED SATURN ILAUNCH COMPLEX NO. 39

DESCRIPTION:

Initial funding is requested for the construction of facilities for
the Advanced Ssturn Launch Complex No. 39. The scope of work in this
project, covering approximately forty percent of the cost of the total
complex, includes the design and construction of a verticel assenmbly and
checkout building; one launch pad with the associated propellant system;
the rail transfer system from the vertical assembly building to the omne
launch pad; the launcher-transporters; and site preparation, roads,
and utility commections. It also includes the procurement of checkout
and control equipment, deflectors, firing accessories, instrumenteation,
and ground support equipment; and the design of the ordnance armir.g
tower.

The facilities for the complex are based on the concept of trans-
porting the Advanced Saturn vehicle from the assenmbly area to the l.aunch
pad by a rail transfer system. The concept as described herein is
presently under intensive engineering review and analysis, the results of
which could cause changes in any or all of the specific items being
proposed Ffor construction in this writeup. The total complex will consist
of three major operating areas as follows:

(a) Assembly and checkout area: The vertical assembly build-
ing will contain the necessary assembly and checkout
facilities, along with supporting shops and engineering
areas. The high-bay area will be approximately 665 feet
long by 45L4 feet wide and the low-bay area approximately
560 feet long by 370 feet wide. The upper stage bays
will be 175 feet high and the assembly bays L60 feet
tigh, with a maximum hook height of 400 feet. Each
essembly unit (1st, 2nd and 3rd stage and spacecraft
ereas) will accommodate six vehicle stages for preliminary
checkout, test, and maintenance. Final assembly and check-
out will be accomplished on the launcher-transporter in the
high~bay area. A launch control area will be located in
the high-bay area to serve the dual purpose of checkout
and leunch. The concept will prevent undue duplication
of launch, checkout, computer, and control equipment.
Required laboratory and shop space will be provided in
~he facility. The interlocking bridge crane system in tte
building will transfer stages to the assembly area.
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Terminal facilities, which are not included in this budget due to
their shorter lead time, will be requested in a subsequent budget. They
consist of a barge basin, intercoastal waterway connection, and stcrage
facilities. The stages will be transported to this area by barge.

(b) The intermediate (arming) area: Facilities for this
ares are not included in this budget due to their
shorter lead time, and will be requested in a subse~-
quent budget. The intermediate area will contain
facilities for arming retro rockets and squibs,
facilities for the storage of ordnance supplies, and
high pressure gas converter equipment.

(e) Launch area: The launch area will contain facilities
and equipment required to monitor final checkout, to
load propellants, and to launch the vehicle. The
fiscal year 1963 budget includes funds for the
construction of only one launch pad with its associated
propellant and storage facilities. The support building
and ground control station which are also required for
the launch pad are not included at this time due to their
shorter lead time.

The total facilities eventually to be constructed in this ares are as
follows:

Three identical launch pads, elevated thirty feet above grade,
will 2e connected to the vertical assembly building by the
rail system over which the launcher-transporter can operate.
This system will pass through the intermediate area where the
vehicle will be armed. Each pad will contain separate pro-
pellant storage and transfer facilities for liquid oxygen,
liquid hydrogen, RP-1 fuel, and a support building. An
automatic ground control station will be adjacent to the pad
and contain distribution systems, checkout consoles, motors,
recording and metering equipment, and the space vehicle
environmental control system necessary for the final checkout,
propellant loading, and launching of the wehicle. Prior to
the propellant loading, the control of prelaunch operation will
be transferred to the launch control center in the vertical
assembly building where final preparations and launch will be
effected through digital computer links.

The two launcher-transporters will be truss-type structures
mounted on rails, and will include selfcontained drive
systems. Launch support and holddown arms will support and
restrain the vehicle, and will serve as mounts for firing
accesscries and other equipment. Included with the launcher-
transperters will be such firing accessories as cable masts,
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propellant loading masts, water quenching mests, and other
electrical and pneumatic components. An umbilical tower
approximately 360 feet high will also be mounted on each
launcter~transporter. The tower will contain an elevator,
cables for lights and communications, a pneumatic distribution
system, a sprinkler system, camera and service platforms, and
the urbilical connections.

Sketches cof' the Advenced Saturn launch complex are presented on the follow-
ing four peages.

JUSTIFICATION:

The launch complex requested in this project will provide the necessary
capability for launching the Advanced Saturn vehicle. Existing facilities
cannot be modified for this purpose. To meet the scheduled flight test
program and firing rate of the Advanced Saturn vehicle, it is necessary
to request funds in the fiscal year 1963 for only a portion of the total
facilities required for complete construction of the complex. Such items
as the vertical assembly building, the rail transfer systems, and the
launcher-transporters have long lead times and must be started in promptly
to meet the operational ready dates. The launch frequency as presently
scheduled reguires only one pad in the program and funding of the
additional proposed two pads will follow in a subsequent year's budget.
Support items such as pads support buildings and ground control stations
have shorter lead times and can also be requested in a subsequent rear's
budget.

The total facilities of the complex are required for the rendezvous
nission of placing a man on the moon in this decade. To meet this objective,
three vehicles are needed for each mission; this requires three launch pad
complexes "or pre-flight testing and lsunch. Two vehicles would be on
lauvnch pads for flight testing and one vehicle would be on a launch pad as
a back-up Jor a possible abort in the rendezvous mission; thus all three
launch pads would be utilized simultaneously. Each launch pad will have
its own fuel and support facilities as the distances between the launch
stands make the construction cost of central facilities prohibitive.

The nced for the reduction of on-pad vehicle time to an absolute
minimum requires the utmost utilization of these pads. To accomplish this
purpose, it is proposed that the complete checkout and assembly of the
vehicles will be undertaken in the vertical assembly building.

It is estimated that the funding requested in this project will permit

the design, construction, and equipment of approximately forty percant of
the total facilities that comprise the three pad launch complex.
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ATLANTIC MISSILE RANGE
- FISCAL YEAR i963 ESTIMATES

ADVANCED SATURN LAUNCH COMPLEX NO. 39
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ATLANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES

ADVANCED SATURN LAUNCH COMPLEX NO.39
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COST ESTIMATE:

A. MN-D!LCC2UISIT'ION'.'.-..'...l..'ll.....'.l.!.'.Q..’..... - -
B. SITE DEVELOPMENT AND UTILITY INSTALIATIONS....e.0eee....  $4,050,000

Site preparation and roads............s.. $1,850,000
Utility installations and connections.... 2,200,000

C. FACILITY CONSTRUCTION AND MODIFICATIONS.....ecceees.... 106,870,000

Vertical assembly and checkout building.. 92,882,000
ILow bay area..(370 by 560 feet;
207,200 square feet at $135
per square £oot)....c.... . $27,972,000
Bigh bay area..(454 by 665 feet;
301,910 square feet at $215
per square foot).....ov.. 64,910,000
Reil. transfer systeM...ccsevseessssscssss 8,400,000
Launch padeccoeecescens veecsesessassaseass 5,588,000

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS,....... 48,875,000

Propellant ServicesS...c.eeeiessscssesssess 23,600,000
High pressure systém....... 7,000,000
Liquid oxygen system....... 9,000,000
Fuel system.eeeeeececens eeo 1,600,000
Liquid hydrogen system..... 6,000,000

Launcher-transporters (two)....seeeeee... 11,100,000
Checkout and control equipment........... 5,400,000
Def . ectorsSeeeceseess 775,000
Firing accessories....eeecceces ceessssesss 5,000,000
Instrumentation.ceeeecersccccccecnsveeses 2,000,000
General support equipment.....ccceeeneces 1,000,000

En DESICIYII ILND ENGINEERING SERVICES-..,‘.-.Q.........--oooo 16,755,000

(Additional design funds in the emount of
$3,700,000 are proposed to be allocated
from fiscal year 1962 funds)

Total estimated cost...ecovaeeens.. $176,550,000
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ATTANTIC MISSIIE RANGE
FISCAL YEAR 1963 ESTIMATES

ADVANCED SATURN-NOVA SUPPORTING FACILITIES

DESCRIPTION:

This project describes the supporting facilities that are required in
the New Ares of theAtlantic Missile Range to support the Manned Iunar
Landing Program. Current siting is tentative and, pending additional
study and program development, is subject to change. The scope of work
includes:

Mission Support Facilities

Facilities are required to provide space for approximately 1,000 NASA
and contractor employees. Two buildings are proposed for construction, as
follows:

(a) Contractors building: This building will provide a
gross area of 60,000 square feet within a two story
building, for office, laboratory and administrative
nanagement facilities for contractor personnel.

(b) Engineering, lsboratory, and operations building: A
permanent type, air conditioned, two story building
will be constructed to contain approximately 65,000
square feet of laboratory and engineering space.

Range Support Facilities

The project includes funding for the initial increment of rarnge
instrumentation facilities and equipment. As the program develops,
additional facilities and equipment will be required. It is enticipated
that approximately $14,000,000 will be required in the fiscal year 1964
program for these purposes. The facilities for this purpose in the 1963
program are described below; the 1963 equipment requirements are listed
under "Cost Estimate" and discussed under “"Justification".

(a) Ceble storage and maintenance facility: This facility
will be a permanent single story warehouse type masonry
structure, with a total floor area of 30,000 square feet.

(b) Central telemetry facility: This facility will consist
of a permanent single story, air conditioned building
of approximately 25,000 square feet in the New Area. It
will include the construction of a back-up power station
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(a)

(e)

(£)

(g)

end. the necessary antenna foundations.

Communications facilities: The construction of the
following permenent type, air conditioned structures
is proposed:

(1) A 7,500 square foot addition to the central
telephone office in the Existing Area.

(2) A 1,500 square foot addition to the central
telephone office at Patrick Alir Force Base.

(3) A 15,000 square foot central telephone
office in the New Area.

(%) Three repeater buildings with an average
of 1,500 square feet each, at various loca-
tions in the New Area.

(5) A 6,500 square foot caeble terminal building
in the New Area.

Nuclear radiation facility: This system will consist of
miltiple scintillation centers installed in blast-proof
shelters in the vicinity of the launch pad, with radio-
active sources mounted on the missile. Particle

density will be recorded as detected by each counter
Juring the lift-off phase. Post flight reduction of the
counter recorded data will provide position information
from lift-off to approximstely 500 feet altitude. Real-
time position, velocity, and acceleration will also be
available for presentation.

Central control facility: A 14,500 square foot addition
is required to the existing central control building in
the Existing Area. Construction will be permanent type
and of special design to match the existing building.
Interior modifications to the existing building and
additional air conditioning are included.

Precision infrared tracking system facilities: Two
concrete trailer pads with the necessary utilities will
be located near the Advanced Saturn launch sites for the
oreration of precision infrared tracking trailers. =~

Surface surveillance radar facilities: Two moblile sur-
veillance radar sites will be constructed. Each mobile
site will include a van pad and the necessary utilities.
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Location plans and sketches of the facilities included in this project are
shown on the following nine pages.

JUSTIFICATION:

The Mamned Lunar Landing Program will require the construction of
several supporting facilities to house personnel, equipment, and
instrumentation. The instrumentation in the Existing Area at the Atlantic
Missile Range is not fully capable of supporting launches north of the
boundaries of the Existing Area. The project accordingly includes & sub-
stantial increase in range support instrumentation and equipment. More
detailed justifications follow:

(a)

(b)

(=)

(b)

Mission Support Facilities

Contractors’' building: The size of the planned program
requires close coordination between operationsal con-
tractor personnel who are engeged in work on Saturn and
Nova upper stages and personnel who are engsged in
booster work. This facility will provide the proximity
necessary for this coordination and the required space
0o house contractor personnel.

Engineering, laboratory, and operations building: This
facility will provide laboratory and engineering space

t0o be used by systems engineering and technical personnel
engaged in the test, evaluaticn, and checkout of parts,
components, sub-assemblies, equipment, and materials for
booster and upper stages. It will also house project
engineers, project coordinating staffs, contract co-
ordinating personnel, supporting personnel, and the
equipment related to these functions.

Renge Support Facilities

Cable storage and maintenance facility: A secondary
center is required for the communications and date distri-
bution cable maintenance and installation operations. The
sthructure will provide limited interior storage for small
cable and associated components and equipment. Large
open-storage areas will be provided for the outside
storage of cable reels. The cgble maintenance and in-
stallations personnel operating from this facility will
maintain all outside cable systems in the New Area.

Central telemetry facility: The existing telemetry
facilities at the Atlantic Missile Range must be supple-
mented by the construction of a central telemetry
facility. The facility will support programs in both the
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ADVANCED SATURN-NOVA SUPPORTING FACILITIES
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(c)

()

(e)

(£)

()

New and the Existing Areas. It will provide the
necessary telemetry pre-launch checkout and coverage of
vehicles during the initial portion of flight. It will
also receive, process, record, or transmit data received
from telemetry receiving stations at outlying sites (New
Smyrne Beach, Florida, Verc Beach, Florida and Grand
Eghama Island). All acquired informstion will be corre-
lated in this central facility and will be transmitted
1o user organizations for presentation in real-time at
their control centers.

Communications facilities: Several facilities, as out-
lired in the project description, are necessary to
establish a commmnication and data distribution network
to support the Manned Lunar Landing Program.

Nuclear radiation facilities: These facilities are
necessary to provide precision data, unhampered by weather,
flame, or blast during the early lift-off phase. There
are no systems presently in use which will provide real-
time data of adequate accuracy during this critical phase.
Such a system would add negligible weight and volume to
the missile and would not be dependent on missile power.
Remote recording of the metric data would preserve such
data for analysis following any missile malfunction

during lift-off.

rentral control facility: The central control building
in the Existing Area is the contrcl point for a variety
of vital functions including range safety and range
readiness. Launches are not permitted unless instrumen-
tation along the flight path is ready for the test and
populated areas can be protected against damage. These
functions must be expanded to receive data from the New
Area instrumentation.

Precision infrared tracking system facilities:
Facilities are required to place in operation a pre-
cision infrared tracking system that will support
Advanced Saturn launches. Instrumentation will be
wrovided to fulfill the requirement for an early leunch
tracking system capable of providing real-time data to
the appropriate control centers. A mobile system using
van pads with supporting utilities is contemplated.

Surface surveillance radar facilities: The facilities
outlined in (f) above will provide the support required for
a mobile surface surveillance radar. The radar will be
used for range safety support of Advanced Saturn launches
with the mobile unit positioned at one of the van sites
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(n)

to provide optimum surface surveillance coverage. A
fixed position radsr is planned for a subsequent budget
to further implement this system.

Equipment, instrumentation, and supporting systems: The
instrumentation itemized in the Cost Estimate is required
due to the limited capability of the existing range
instrumentation to handle launches in the New Area north
of 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 ani
the nuclear radiation ranging system is necessary to meet
program requirements and religbility. Large quantities
cf additional equipment and support systems are required
to supplement instrumentation presently availesble at
Atlantic Missile Range and at remote locations. Among
these requirements are provisions for the extension of
existent telemetry coverage and data distribution both

et lift-off and during first phase of flight; extended
camera coversge of all types; highly accurate optical,
infrared, and various special precision and high reso-
lution trecking systems for trajectory position and
velocity surveillance systems; extended centrsl control
capabilities; coordination systems with global range net-
work; redundant command control and extended range safety
coverage; intercommunications systems; and radiation
ranging systems. The instrumentation proposed for funding
in this project is required for the initial launch phase.

COST ESTIMATE:

Mission support facilities:

Contractors'building..(60,000 square
feet at $22.00 per square foot)......... 1,320,000
Engineering, laboratory, and operations
building..(65,000 square feet at
$23.00 per square fOOt).e.ceeerens veesss 1,500,000

Ac IANDA.CQUISITIONO ------- ® 6 800880800880 LR S B N Y R R Y B I N RN N N Y ) o o

SITE DEVELOPMENT AND UTILITY INSTALIATTIONS..e:esssecence $l,57h,000
Site preparation....... Ceeeetisecaracssssess  $560,000
Roats and parking are@s.....seeeeceveceavee.  L4OL,000
Utility connections....veevesisesseseaneness 610,000

FACILITY CONSTRUCTION AND MODIFICATIONS:..veeeeeeeence.. 6,986,000

(F 2-K14



D.

E.

Range support facilities:

Cable storage and maintenance

facility..(30,000 square feet at

$15.00 per square foot).seeeeossceces..  $450,000
Central telemetry facility..(25,000

square feet at $50.00 per square

FOOL) eeneerarennennnenes tesensseanssee. 1,250,000
Nuclear radiation facilities...... cesenen 250,000
Central control building addition..

(14,500 square feet at $38. 62 per

5quare FOOt)..ierereeraeanes. Cereneenae 560,000
Precision infrared fac111ty Ceesrerataan 30,000
Surface surveillance radar facility Lo, 000

Ccmmunications facilities..(35,000
square feet at $45.50 per square
foot)eeens Cieeees cereaean creeens ceeerses 1,586,000

Centrel telephone office, New Area
(15,000 square feet)

Central telephone office addition,
Existing Area (7,500 square feet)

Cable Terminal Building, New Area
(6,500 square feet)

Repeater building, New Area
(4,500 square feet)

Centrael telephone office addition,
Patrick Air Force Base (1,500
square feet)

EQUIFPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS.........

Central telemetry equipment.......seeeeee.s 6,248,000
Telemetry control daeata terminal

EQUIDMENT . e veserrosoncacanncssaasasseses 1,445,000
Inside and outside cable system

(1.,200 MileB)eeeereroncnsssonssarasnnsess 10,597,000
Intercommunication equipment...c.eceeeveesas 336,000
Precision early launch rate equipment...... 4,929,000
Nuc.lear radiation ranging system........... T2k ,000
Cenisral control equipment....ceevvseeeseses 2,120,000
Precision infrared triangulation system.... 1,591,000

Universal timing terminal unit............. L, 000
Data handling equipment for range rate

Pt 17 o) « DA Cerersceneas 243,000
Surface surveillance radar....... Cerereeens 14k ,000

Office equipment and furniture............. 240,000

$28,661,000

DESIGHN AND ENGINEERING SERVICES.::ceoesservecsnsecnsceanss 1,900,000

Total estimated cost...cevovvesena... $39,121,000
(F 2-K15



ATLANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES

APOLLO STATIC TEST FACILITY

DESCRIPTION:

This project involves the construction of two test stands and related
structures, and the installation of the necessary equipment, instrumentation,
and support systems. A steam ejector will be provided to simulate the space
vacuum envircnment in which the spacecraft rocket engines must be able to
ignit:. The facility will be located east of launch pad No. 5 so that use
may be made of the existing blockhouse of launch complex Nos, 5 and 6.
Studies have indicated that this location is the most practicable and eco-
nomical £ sketch of the proposed facility is shown on the following page.

JUSTIFICATION:

Two stands are required for static tests of the Apollo spacecraft.
One test stand will be used for static firing and prcof testing cryogenic
lunar hypergolic engines of the Apollo service module. Both of the modules
will be tested simultancously. Static testing on the earth of the lunar
landing and take-off stages of Apollo spacecraft under simulated lunar
conditions is a vital part of the overall systems testing programs. The
safety of —he astronauts and the fulfillment of the assigned missicns
cannot be predicated until confidence factors have been developed 1y
these tests. There are no existing facilities available to perform
this type of testing.

COST ESTIMATE:

Ao LAND JM:QY;IISITIONBGOO..IQOQG.0IO....'..B.'.'IQ.QI...0....'. -

B. SITE DEVELOPMENT AND UPILITY INSTALLATIONS..eeveesossceoss $354,000

Site Preparation..cecececesccscesscscsssssenes . $13,000
Roads and parking 8reasS.....eceeessossesssassss 64,000
Utility connections...cececeoeas cessssassesnnes 90,000
Railroad switCheS:..eececeecessssecencscesesses 57,000
Railroad tracKkeeeeeeesceosee cssessnssanssssssse 130,000

C. FACILITY CONSTRUCTTION AND MODIFICATTIONS:¢eevececcaaccncsse Li45,000

Tunar module test standesecceccsscessssesasssess 230,000

Service module test standeieeeevevereacnes +ssee 130,000
Pump house facillityeeevsioveeerirssrcannncencnns 35,000
Boiler facilitieSeeereeststocaersocccanccsns ces 50,000
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ATLANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES
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D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS.......... $3,605,000

Lunar module stand fire protection system.... $150,000
Lunar module stand electrical systemiseensess 920,000
Service module stand fire protection system.. 150,000
Service module stand electrical systemM....... 641,000
Vacuum SyStem.eccesecesssoccassanosssscnssaces 136,000
Propellant systemM.eceseecscesosssoccasvasconaces 513,000
Instrumentation.iceeecesaeessssssoscosossssss 845,000
Cablingeeeececocsoscersaonssssnssnssesannsncns 250,000

E. DESIGN AND ENGINEERING SERVICESeeceseesecotescorsscsosccsss 596,000

-

Total estimated costeveereesees 5,000,000

|
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ATLANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES

NOVA LAUNCH COMPLEX

DESCRIPTION:

This project requests the funds necessary to initiate the design and
construction of a complex for the assembly, checkout, and launch cf very
heavy vehicles of the NOVA class. The fiscal year 1963 portion of the
project includes the construction of one vertical assembly and lanuch
building, the sub pad work for two (2) lsunch pads, and the site rrepa-
ration and utilities installations. The latter would include such items
as canals, roads, and water and power services in the complex ares. The
design of long lead time items, such as the launcher-transporter, pro-
pellant systems, and control and checkout systems, is also included in
this project. It is estimated that the fiscal year 1963 request covers
approximately 35 percent of the total cost of the complex. The ccmplex
will be divided into two (2) general areas, as follows:

(2) lLaunch control area: This area will include the launch
control center, high pressure gas conversion facilities,
and upper stage inspection and modification facilities.
Space will also be provided for the receipt and
“;emporary storage of spacecraft. The supporting
fasilities such as roads, causeways, bridges, and
utilities within the area are also included.

(b) Vertical assembly and launch area: Three (3) launch
pads will be constructed, each containing a vertical
assembly and launch building, and propellant storage and
sransfer facilities. The vehicle will be assembled,
chaecked out, and launched from the vertical assembly
and launch structure which will be of fixed design. The
structure as presently envisioned will be approximately
7O feet high and 300 feet long and will be designed to
withstand launch pressures as well as hurricane loadings.
Remote controlled vertical louvers and a split opening
roof are contemplated to allow full opening and pressure
relief during launch.

The transporter for the first stage will serve as a launcher and will
be integral with the booster from initial assembly to launch. The: trans-
porter-launcher unit will move through a system of canals to the vertical
assembly and launch building. After the transporter is positioned, the
locks will close and the water will be pumped out. The transporter will

CF 2-ML



then be firmly founded and used as a launch platform. Following launch,
the water will be pumped back into the lock and the transporter floated
away for reconditioning and the acceptance of another first stage
booster. The launcher-transporter concept is unique and special design
and comstruction techniques will be required.

The remaining stages for the completed NOVA vehicle will be brought
to the launch area by water or road and will be assembled in the vertical
asserbly and launch building. The assembled vehicle will be check2d out
end control transferred to the control center for launch. The checkout
and launch systems will be linked through computers.

Sketches of the proposed complex are shown on the following two pages.

JUSTTFICATION:

The NOVA vehicle is being designed for a thrust of 12,000,00C pounds.
The vehicle will be used for launching very heavy payloads to direct
landing on the moon without the need for rendezvous. The three psd
complex described above will launch eight NOVA type vehicles per year.
Each launch pad will have the capability to permit assembly, pre-flight
check-out, launch, and pad refurbishing for only four vehicles per year.
This requires two launch pads to meet the scheduled eight launches per
year. However, one additional pad is required for back-up in the event of
an explosion or when major delays in launching from the other pads occur.

COST ESTIMATE:

A. IAND4AC‘QIIISITION -------- ® s e 03000000 L RN EEE RS RN RSN -
B. SITE DEVELOPMENT AND UTILITY INSTALIATIONS....ecce0vsess  $5,770,000
Site preparation, grading, and filling..... $2,100,000
New ro8dS. i ceeercsceccncsnaas vesessssnssess 1,700,000
Electric llnes............................. 1,000,000
Water lines, potable and industrial...... - 970,000
C. FACIIITY CONSTRUCTION AND MODIFICATIONS....eseceseeess.s 60,630,000

Vertical assembly building..(141,000
square feet at $430 per square foot)..... 60,630,000

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS......... ———
E. DESICGN AND ENGINEERING SERVICES............ eeeeeeeaes 13,100,000
Total estimated COSt.evseerencenevecas glg,goo,ooq
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ATLANTIC MISSILE RANGE
FISCAL YEAR 1963 ESTIMATES

UTILITY INSTALLATIONS - NEW AREA

DESCRIPTION:

This project covers the extension of range utilities and the con-
struction of range support facilities in the New Area of the Atlantic
Missile Range in support of the Manned Lunar Landing Program. The
scope of work includes:

(a) Canal dredging: The dredging of approximately 18 miles o:’
100 foot wide canal to a depth of 12 feet will be required
to service launching sites.

(b) Primary and access roads and bridges: This item consists
of access and interior roads and bridges as follows:

Exterior of the site: Approximately 5.0 miles of
existing Route AlA from Haulover Canel Bridge north to

the Volusia County line will be reconstructed and widened.
A new two lane bridge will be built over the Haulover
Canal. The road will be 24 feet wide with six foot

wide shoulders on either side.

It is proposed to rebuild 1.3 miles of Route AlA south

of Gate 2 (south boundary) to provide a 24 foot wide roadway
with six foot wide shoulders on either side. A new

bridge over a drainage canal is included in this work.

A new four lane causeway will be constructed across Indien
River from U. S. Highway #1 on the meinland to the new area
boundary. A bridge across the Intercoastal Waterway and a
traffic interchange at U, S. Highway #1 will also be required.

On the site: This item includes approximately 29 miles
of new and rehebilitated road net within the New Area
including 4.0 miles 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 facilities
in the Existing Area, and approximately 19.0 miles of
rehabilitated roadway throughout the New Area.

(c) Power transmission lines and substations: It will be neces-
3ary to construct 22 miles of 110 KV overhead power transmission

CF 2-N1



(a)

(e)

(£)

(&)

(n)

lines, two 110 KV to 13.2 KV substations, and 20 miles
of 13.2 KV overhead distribution lines.

Water mains: The project includes the installation of
“i4.5 miles of 20 to 24 inch water mains and connections.

Range support - utilities:

Heating plant and distribution system: This system will
consist of two miles of steam lines, two miles of steam
meturn lines,and a 1500 horse power boiler plant.

Water storage and distribution system: The installation
of 2.2 miles of water lines, a 500,000 gallon storage tank,
and a pumping station will be required.

Llectric power distribution system: Approximately 2.0
miles of 13.2 KV overhead distribution lines, a substation,
and switching gear will be installed.

Range support - roads and parking areas:

Road network: Roads within the support area consisting
of approximately 28,400 square yards of paving will be
required to support the new facilities.

Parking areas: Parking areas are also required to suppor-
‘the new facilities; approximately 58,000 square yards of
paving will be laid.

Security facilities: This item includes 15.0 miles of
security fences, lights, and four (4) pass and identi-
fication buildings, one on each access road to the New
Area.

Range support - facilities:

Maintenance building: This structure, consisting of
15,000 square feet gross area, will house the first
increment of the range plant maintenance functions.

Warehouse: This building will contain 20,000 square
feet of storage area for range support supplies, parts,
and equipment. Additional storage facilities will be
required in subsequent fiscal years as the program
progresses.

CF 2-12



Lispensary: A central dispensary will provide medical
support for personnel in the immediate area and will
support all other first aid stations in the New Area.
The building will contain 4,600 square feet of floor
area.

Location plars of the utilities to be installed and sketches of the
fecilities tc be constructed under this project are shown on the following

five pages.

JUSTIFICATION:

After the decision was made to acquire the new land area at the
Atlantic Missile Range for the launching of the flight vehicles for the
Manned Lunar Landing Program, a study was mede to determine the types end
quantities of utilities required to support the launch flight facilities
being requested in the fiscal year 1963 budget. This study revealed that
the existing access roads, bridges, and canals were inadequate to support
the scheduled flight launches. In coordination with the State of Florida
and the Ai:r Force, an access roads study was undertaken which indicated
that the access projects requested herein will be required to move the
quantities of traffic that will be entering the newly acquired aree.

The primary utility systems proposed are the minimum required at this
time to support the launch pads being requested in the 1963 progran for
the NOVA and the Advance Saturn Programs. When additional pads are
requested in subsequent programs, additional utilities to support these
pads will be programued concurrently.

The proposed extension of range utilities and the proposed con-
struction of range support facilities and utilities are scheduled :in
accordance with launch site support requirements for the Manned Lunar
Lending Program. Timely construction completion of these facilities in
proper sequential order is essential to meeting the projected launch
schedule.

COST ESTINATIE:

A. TLAND ACQUISITION....:cs.. cecsessenens tresrsessretsesanse -
B. SITE DEVELOFMENT AND UTILITY INSTALIATIONS.....eeecesno. $17,363,000
Cangl Aredging. . seceeeeeceeranconosaasns . $2,650,000
Primary and access roads and bridges...... 7,260,000
Exterior of the site....... .. $3,953,oqo

5.0 miles of road
from Haulover
Bridge to
Volusia County
1ine.cceveess.oa $350,000 CF 2-N3.
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Bridge over Haul-

over Canal...... $578,000
1.3 miles of road. 65,000
Bridge...... seess. 50,000

" Causeway roed to

U. S. Highway

Fleveeeeeraens. 1,240,000
Bridge..ceeveee.. 1,270,000
Interchange at

U. S. Highway
Fleveieerans «.. k00,000

On the site.......... Cereeaes $3,307,000

It miles of 4 lane

road..cceeeeces. 800,000
6 miles of 2 lane

road, including

causewey and

bridge...... ... 1,870,000
13.0 miles of

rehabilitated

road..cceeseas 637,000

Power transmission lines and substetion...

Power trensmission lines..... 1,300,000
2 Substations........... eeees 1,040,000

Water mains.ceeeecrvscocssocoscssssascscss
Range support - utilities..eeeesecccccasss

Heating distribution system.. 760,000

Water distribution system,..s 270,000

Electrical power distribution
SYyStem. e eereorans ceecnsens 360,000

Range support - roads and parking areas...

Rogd NetWOrK.seoseeeocososann 260,000
Parking are@s.cccseesscescses 480,000

Security fOrcesS.cviveitececsecasoscoonsncnes
Ligh‘t‘in-g...l.....l...'. ....... e 8 000000 s o0

$2,340,000

1,990,000
1,390,000

740,000

498,000
495,000
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C. FACILITY CONSTRUCTION AND MODIFICATIONS:eseeeosoccscnces

Pass and identification buildings; four
each (600 square feet at $30 per
SQUATE F£OOL) e eencueserosnssscasssssoscnses
Water storage tank...eeeeeevecssesccosnonss
Heating plant (5000 square feet at $40 per
square foot).irereeeneans Ceeseterescanene
Maintenance building (15,000 square feet
at $24.00 per square foot).. ..... ceeeeens
Warehouse (20,000 sqpare feet at $15 OO
Per square foot) Cheeeseeseceseasanns ..
Dispensary (4,600 square “feet at $30.00
Per square £OOt).sseeeescosraccssssssvane

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS.

Maintenance, warehouse, snd dispensary
equipment..ccoeccicieciececctrcecscennnnns
Boilers, pumps and eccessories...... cessens

E. DESIGN AND ENGINEERING SERVICES..cceeeeeccoscoscess

Total estimated cost....

$72,000
130,000

200,000
360,000
300,000
138,000

22,000
550,000

$1,200,000

572,000

2
Q
3

R
o
R
S
o)
3
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1963 ESTIMATES

FACILITY PLANNING AND DESIGN

DESCRIPTICN:

The funds requested under this project are required for advanced
facility planning and design on projects for which construction furds
may be requested in subsequent budgets.

JUSTIFICATI.ON:

Long-range plans in several program areas must anticipate the need
for the construction of facilities beyond the budget year for which esti-
mates are hHeing submitted. A considerable saving in time and an increase
in the accuracy of construction cost estimates is possible with the
availability of an advanced facility planning and design fund which can
be used to initiate the design of high-priority facilities prior to the
engctment of project authorization and the appropriation of funds. With-
out this project, the only method by which such advanced design work can
be initiated i1s through the use of the Administrator's emergency auth-
orizations provided in the authorization act. The provision of tha
separate and identifisble advanced planning and design fund propos2d by
this project allows the emergency suthorizations to be conserved for
projects requiring the prompt initiation of construction, and permits
advanced planning and design to be funded without the necessity of re-
programming funds provided for other projects.

COST ESTTIMATE:

Total estimated cost..covenecns ecescerreersesaseenrene §l0,0;0,000
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No.

CFL4-A2
CFL-A3

CFL-BL

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1963 ESTIMATES

CONSTRUCTION OF FACILITIES - 1963 PROGRAM

FLIGHT RESEARCH CENTER

Location plan
Building additions........... ereressnnens
Visual flight simulator.....sseeeevvecasss

Total.eecscesoccosonsaoanes

$1.,332,000

475,000
$1,807,ooo

CFL-A1
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FLIGHT RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

BUILDING ADDITIONS

DESCRIPTION:

Building additions to the main Flight Research Center building
are proposed as indicated in the sketch on the following page. The
additions total to approximately 42,000 square feet of space which will
provide a net usable area of slightly over 31,000 square feet. About
21,000 square feet of the additional space will be used for shop and
laboratory activities, and about 10,000 square feet for office space
and other supporting activities.

JUSTIFICATTION:

The increasing workload at this station, particularly in connection
with the X-15, the Dyna-Soar, and the supersonic transport prograns,
is creating a requirement for additional shop and laboratory space.
At present, the machine, sheet metal, and welding shops occupy 8,750
square feet of the calibration hanger. It is proposed to move these
shops into the new technical services wing. The vacated area in the
calibration hanger will be used to house simulators, altitude test
chambers, and test tables for use in the development and testing of air-
craft instrumentation and control systems.

Additional coffice space is urgently needed to alleviate existing
crowded conditions {an average of only 65 square feet per person) and
to provide working space for additional personnel to be added during
the fiscal year 1963.

The additional shop area indicated in the drawing will permit neces-
sary additions to the photographic laboratory, the radio room, data
processing units, and the aircraft component shops and laboratoriszs,
other than the heavy-duty type of fabrication and repair shops.

COST ESTIMATE:

Au IAANDACQUISITIONQo----oQGoQOoo-ooo.nooolo.o.nla-ooo..ooto. - a--
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS..escccccscscens $51,000

Utility connectionS.sececsecooscssssccocosens $35,000
Pav'invgﬂ.lﬂti..Qo.ﬁ....'ﬂ..l...Ol........‘..... 16’000

CF L4-AR



1y-1 10

FLIGHT RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

BUILDING ADDITIONS LEGEND

NEW TECHNICAL SERVICES WIN
ADDITIONAL OFFICE SPACE
ADDITIONAL OFFICE SPACE
ADDITIONAL SHOP AREA
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C. FACILITY CONSTRUCTION AND MODIFICATIONS:eseccscoscccsss $1,201,000

Building...(%1,705 square feet at
$28.80 per square foot)eeeesecssssess $1,201,000

Do EQU]PyENT, INSTRIMNTATION, AND SIJPPORT SYST‘EMS.-.....- -
Eo DESIGNANDENGIMRING SERVICES....ooo-ooooo--oo--o;oo- — 80,000

Total estimated coStesesesss  $1,332,000
T
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FLIGHT RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

VISUAL FLIGHT SIMULATOR

DESCRIPTION:

A flight simulator is required with the capability of providing a
projection of the outside view, controlled in response to the pilot's
control movements and the performance of the simulated vehicle, to the
pilot in a cockpit mockup. The facility will include:

(a) A projection system capable of & bright, controllable, wide-
angle presentation of earth and sky.

(b) The cockpit, indicator, controls and other facilities required
to provide flexibility and easy interchangeability of the
pilot's display, field of vision, and control system.

(¢) Required electronic equipment to modify the present general-
purpose simulator to permit solving the problems involved in
long duration high performance missions.

JUSTIFICATION:

The success of a flight research program is critically dependent
upon the provision of proper and adequate simulator equipment. The
basic use of flight simulation equipment at the Flight Research Center
is for support of flight activity. Simulators have been found to be
indispencable in the areas of flight guidance and planning, data reduc-
tion and aralysis, pilot training, development of research procedures,
and prediction of flight characteristics.

The Flight Research Center, at present, has two static simulators:
an X-15 gimulator and a general-purpose simulator. These two pieces of
equipment sre limited to simulation with instrument cockpits, that is,
blind flying. This limitation to instrument presentation is unacceptable,
in many flight programs to be investigated in the future. Examples of
such preogrsms are recovery and landing research, navigation and energy-
management problems, and complete mission simulation. All of these
programs will rely heavily on the visual stimulus of the outside environ-
ment, and, for adequate simulation, this outside enviromment must be
provided. The proposed equipment will provide this visual-envircrnment
capability for the present static simulators, and will thus permit in-
vestigetion of a wider range of flight problems.

CF4-B1



COST ESTIMATE:

A.

B.

C.

LAND ACQUISITION: cccceococencscossscscsasoscsscassonces
SITE DEVELOPMENT AND UTILITY INSTALLATIONS.ccccecceee

Utility CONNECHIONS~+sessercoscssssnsss $15,000
FACILITY CONSTRUCTION AND MODIFICATIONS ......;......

Hengar modificatione.eesececssssssncsss 20,000
PI'OJection mm‘..........'.....Q...I.. lo,ooo

EQUIFMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS.ess..

Projection systelmecesscsccccscrscsescss 150,000

CCCKPiteceoccacocrccrsscscssoscoseccnses 50,000

Electronic controls and simulation
equipmenteecceccesesecsscrsccnsccsoce 150,000

DESIGNmDmeRmG ERVICES...'l."..'...........

Tbtal estimated coste.ec.e

$15,000

30,000

350,000

__80,000

$475,000
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NATIONAL AERONAUTICS AND SPACE AIMINISTRATION
FISCAL YEAR 1963 ESTIMATES

CONSTRUCTION OF FACILITIES ~ 1963 PROGRAM

GODDARD SPACE FLIGHT CENTER

Location plan

Applied sciences laboratory.cceeceeeiisernscnese

Attitude control test facility........ seceonsaen
Conversion of dynamic test chamber........... .o
Development operations building....... serecesnee
Launch phase simulator..........ce.n seeaieer e
Spececraft operations facility..... ccesabessnsnn
Trecking and telemetry laboratory...c.e.... e
Total.eeeeeseeeeneonnes .

$3,175,000
915,000
3,250,000
1,850,000
3,915,000

7,500,000

3,175,000

$23,780,00C
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GODDARD SPACE FLIGHT CENTER
FISCAL YEAR 1963 ESTIMATES

APPLIED SCIENCES LABORATORY

DESCRIPTION:

It is proposed to construct a laboratory consisting of approxi-
mately 100,000 square feet of floor ares in a ground floor, two
additional floors, and headhouse space. The building will have a
monolithic concrete frame and floor slabs with face brick masonry
exterior walls. Antenna test rooms provided in the headhouse and roof
slabs will be designed to accommodate antenna loads. Interior parti-
tions will be of concrete block and movable metal. Offices, laboratory
work space, and parking areas will be provided for about 350 people.

The building essentially will be a duplicate of the space sciences
laboratory with revisions and alterations required for the new site
orientation. It will contain the necessary electrical, air-conditioning,
and ventilation systems for research and development of satellite payloads.
Existing utility systems will be extended to the building and the central
power plant steam generating and chilled water capacity will be expanded
as required. Drawings of the proposed laboratory are shown on the
following page.

JUSTIFICATION:

This building will house the additional scientific personnel
required for research and development of instrumentation for spacecraft
and sounding rockets. Studies will be made on infra-red radiation,
cosmic rays, meteorites, solar physics, x-ray radiation, magnetic fields,
and other geophysical phenomena. The functions of this laboratory will
also include the development of vehicle-borne computers and the improve-
ment of ground-based computers used to derive detailed orbital or flight
path constents of space vehicles. Special equipment to be housed in the
laboratory will include particle accelerators, leak detectors, mass
spectrometer, vacuum and thermal testing tanks, balancing equipment, and
gyro and hydraulic test stands.

The first and second floors will provide laboratories for studies
in the areas mentioned and offices for the research personnel. The base-
ment will provide space for building heat, ventilating, and electrical
equipment, some equipment storage, additional laboratory and office
space, and a small electronic instrumentation shop.

CF5-A3
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COST ESTIMATE:

LMID !\.(:Q[JISITION""""""""""""""”"""""""'
SITE DEVELOPMENT AND UTILITY INSTALLATIONSeeeeceseccesssccs,

wat(z:? :Linesintl.'lot-oo.-oooooooo.o.o....oooo.. $l"5)ooo

Stea,]n :Lines.lll.lli.On..l'...l.....lllll..lI... 30)000
Sa.nita:ry a.n.d Storm SCWEeISeosocssscovcvovsccocscss 30,000
Electric power and communications systems...... 70,000

Roa.ds a.lld Parking areas.--o---ooo-o-‘-oooooc--oio 100,000
FACILITY CONSTRUCTION AND MODIFICATIONSescesoescscanrsscocess
Building -- (100,000 square feet

at $25.00 per square foot). . .ieicesenerennissn 2,500, 000
Addition to power plantesececeseveeccccsocrsens 100, 000

EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS:+ceececcese,
Special electrical system for laboratory use... 200, 000

Special air-conditioning for high heat loss
electrical equipmenteecececcecosescoossvoress 100, 000

DESIGI\ AND ENGINEERING SERVICES-.'...--oot-.-n-...o.........
(Advanced design funds in the amount of

$T75,000 allocated from fiscal year 1962
furds)

Total estimated cost......... $3,175,000

$275, 000

2,600, 000

300, 000

CF5-A5,



GODDARD SPACE FLIGHT CENTER
FISCAL YEAR 1963 ESTIMATES

ATTITUDE CONTROL TEST FACILITY

DESCRIPTION:

This facility will provide the Goddard Center with a functional
attitude coatrol laboratory comprising two buildings, four enclosed
concrete pads, access roads, and utilities for testing complete
spacecraft up to the size of the orbiting astronomical observatory.
Location diagrams and sketches of the facility are shown on the
following two pages. The coil building will be of frame construction,
60 by 60 by 60 feet on a concrete foundation with all materials
selected for nonmagnetic properties. It will be located 1,400 feet
west of the magnetic instruments test laboratory of the magnetic
fields component test facility at the center of a 900 foot radius
nommagnetic area acquired on permit from the Department of Agriculture.
The one-story controls building will be of nommegnetic construction
30 by 60 feet, with a full basement, and will be located between *he
coil buildiag of the attitude control test facility and the magnetic
instruments test laboratory of the magnetic fields component test
Tacility.

The =nclosed pads will be within the nonmagnetic area remote from
all other buildings and will house reference stendard magnetometers
placed oa 10 foot square, nonmagnetic, concrete pads with 8 foot
high wooden frame sheds over them. All-weather roads will be prowrided
to connect the controls building and the coil building with the magnetic
fields component test facility. Access to the pads will be by
secondary roads.

Electric power will be furnished from the substetion in the
control and service building of the magnetic fields component testh
facility. A stationary compressor plant will be installed in the
building to furnish compressed air for shaft power in the coil
building of the attitude control test facility. Research equipme:nt
in the coil building will include a spherical coil system 40 feet
in diameter. A pneumatic overhead hoist will be provided for space-
craft handling. Pneumatically energized shaft power will be available
to drive positioning fixtures for changing spacecraft orientation
and for moving instruments used to survey field contours surrounding
the spaczcraft.

Test operations will be conducted in the controls building which

will provide adequate space for experimenters equipment in addition
to facility control. Control console, current regulators, monitoring

CFP5-B1
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GODDARD SPACE FLIGHT CENTER
FISCAL YEAR 1963 ESTIMATES

ATTITUDE CONTROL TEST FACILITY
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indicators, and assoclated electronic equipment will be housed in

the controls building. Primary power will be obtained from hatteries
and battery chargers located in the control and service building of ‘the
magnetic fields components test facility.

JUSTIFICATION:

Techniques for attitude control and space navigation which are
either deliberately or unavoldably influenced by magnetic effects
must be developed and refined. The proposed facility is regquired
for the evaluation of the attitude control characteristics of
scientific spacecraft. Meteorologlcal satellites; geophysical,
solar, and astronomical observatories; space probes; and other pro-
grams will benefit from the following capabilities to be provided
by this facility:

(a) Measurement of the magnetic signature of large,
flight configuration spacecraft. This feature
will be unigue in the proposed facility with
regard to the size of payload that can be
mapped and to the precision of measurements
that can be made.

(v) Calibration of instruments over all ranges of
interest when mounted in flight orientation
within the influence of spacecraft induced fields.

(c) Electrical rotation of the field about a
stationary spacecraft to permit evaluation of
magnetic spin damping torques without the
use of a large vacuum vessel and special air
bearings.

(d) Electrical spin simlation to permit measurement
and correction of the magnetic moment which
causes precession and mutation of spin stabilized
spacecraft and guidance devices.

COST ESTIMATE:

A. ULND ACQUISITION'.OO..!‘O.l..'t.'..'..'.Il‘...‘ltl.ll -

B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS...esesseee  $L54,000

Water 1ineS.ececcceroorcsccccscacascnssse $48,000
Electric power and commnications .
SYStEmMSeccesescsnsastsansctesccncccnns 25,000
GaB8 lineS.sesscecesenoncescssscstccscns 9,000
Pneumatic system lineS..cecececscssssces 33,000
Roads and parking are8S..cscsecsscecess 21,000
Fence repairs and additionS.ceccescecses 3,000
Grading and clearing.csescscsescscscsse 15,000

CF5-Bh



C. FACILITY CONSTRUCTION AND MODIFICATIONS.ecceessccees

Coil building...(3,600 square feet

at $4k.00 per square £0Ot)eeasesseo $160,000
Normagnetic Cran€.cecccecsessscscsscece - 20,000
Controls building... (3,600 square

feet at $33.00 per square £oot).... 120,000
Enclosed padB.ceecesescssssescsccanse 20,000

D. EQUIPMENT, INSTRUMENTATION, AND SUFPORT SYSTEMS.....

40 Foot spherical €Oileesscecscsceses 156,000
Payload and instrument positioner.... 35,000
Msgnetometers and reference standerds 60,000
Control system and power SUpPPly.sesss 130,000

E. DESIGNMDMGII\IEERING mmCmoonoo.o‘oooocooootco-

Coll deBighicececssssevsscccecsonnces 15,000

Control system and power supply
deBigNeeccscarcccssssescssssscconcos 15,000

Architectural and engineering
BEYViCeSeccevisactscsessscsesnsccscne 30,000

Total estimated cOSteseeccecesenocsan

$320, 000

381,000

60,000

$915,000
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GODDARD SPACE FLIGHT CENTER
FISCAL YEAR 1963 ESTIMATES

CONVERSION OF DYNAMIC TEST CHAMBER

DESCRTPTICN:

This prcject proposes the conversion of the Dynamic Test Chamber
to a Space Simulator. In order to effect the conversion, it will be
necessary to clean the chamber and add a solar simulator to the re-
movable head. Liquid nitrogen cooled curtain walls will be installed
within the vessel to provide a dark space heat sink temperature less
than 100°K when the solar simulator is in use and to provide programmed

wall temperatures between -65° and +100°C when the solar simulator is
not in use. The vacuum system will be extended by the addition of

twenty-five diffusion pumps with baffles, and will increase the present
vacuum from 1 mm Hg to 1 x 10 ~“ mm Hg. Additional stages of mechanical
pumping will be added to existing pumps. -Approximately fifty helium
panels will be installed to complete the vacuum system. The eXisting
substation will be modified to provide 1000 kilowatts of additional
power.

JUSTIFICATION:

The space environment facility approved for construction during
the fiscal year 1962 is comprised of two stainless steel vacuum vessels
35 feet in diameter and 60 feet high that are duplicates in mechanical
design. The primary difference. between the chambers is that one
chamber, the space environment simulator, contains a solar simulator in
the top and nitroggn-cooled curtain walls and is capable of producing a
vacuun of 1 x 10 ™~ mm Hg; the dynamic test chamber does not contain
these additional features and produces a vacuum of only O.1 mm Hg.

The space environment simulator is used in spacecraft testing
which involves the effects of solar radiation and the coldness of outer
space in combination with the vacuum environment. The dynamic test
chamber is used for tests in which air resistance is of importance such
as dynamic balancing, spin-up tests, solar paddle erection, and vibra-
tion tests. This chamber will continue to have this capability after
its conversion to a space environment simulator.

The workload generated by the orbiting astronomical and geophysical
observatory programs will overload the present solar simulator to the
extent that one simulator will no longer be sufficient to carry the
entire worikload. It is estimated that the two solar simulators will be
in use in excess of 40 percent of the time available on a 24 hour a day
operating schedule.

CF5-Cl



COST ESTIMATE:

A. I,ANDA,_CG‘;[JISITION-..--oo-o-oo.-o-o'noooooo.tuo---c-o--u-.oou -
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS+:+eeeeecccssece.e $ 120,000

Expended electric and cooling
tcwe‘r 'wa,ter Services..-oncuo--oooton'o"nonut $120,000

C. FACILITY CONSTRUCTION AND MODIFICATIONSecccscoccoccoccocese ——
D. EQUIFMENT, INSTRUMENTATION, AND SUPPORT SYSTEMSeeeccceccees 3,130, 000

VACUWN SYSLeMeeseoeccssveosssssscccsccccsssosss 150,000
Soler optics and lampSescsscssccsscssscasccesss (15,000
Solar power supplies, starters, and wiring..... 360, 000
Penetrations and pleNUmMeesscceccsescscssssocses 125,000
Cryogenic pumping systemecesccesceccesccconcccs 250, 000
Heat transfer SystemM.ecececesesssssssscscececssees 650,000
INStIUMENtBtione «ceeseccscsssssosssssssccscssss 280,000

E- DESIGI[A!ND ENGINEERING SERVICESOOn-o--nooo-cn--oooooo.'o..c . bkt

P

Total estimated coste.ee..... $3,250,000
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GODDARD SPACE FLIGHT CENTER
FISCAL YEAR 1963 ESTIMATES

DEVELOPMENT OPERATIONS BUILDING

DESCRIPTION:

This building will be of steel frame and masonry construction, air-
conditioned and humidity controlled, and will provide approximately
70,000 square feet of floor area on one floor. It will provide work
space and parking area for 100 people. In addition, it will provide
space for a magnetic tape library, an instrument loan and repair facil-
ity, and a clean area for a satellite holding facility. It will also
include aa area for shipping end receiving functions. Sketches of the
building are shown on the following page.

JUSTIFICATION:

This building will provide space for a magnetic tape library, an
instrument loan and repair facility, a satellite helding facility, and
an area for shipping and receiving functions.

Magnestic tape, both blank tape and that on which data has been re-
corded, requires storage in a temperature-humidity controlled ares to
avoid damage. This tape 1s presently stored in work space and hallways,
and runs the constant risk of damage.

At present, there is no central location for instrument; loan and
repair. This situation is likely to lead to duplication in the procure-
ment of instruments and in the fragmentation of the Center's instrument
repair capability.

A spacecraft and spacecraft component holding facility is required
for the storage of spacecraft awaiting test either prior to launch, for
follow-up shots, or while awaiting tests in various stages of manufac-
ture prior to acceptance. Storage space is also required for var:i.ous
spacecraft components awaiting integration into spacecraft. A clean
room condition is required in this area both for the normal storage of
these units and because of the periodic inspections which must be made
o assure launch ready capability of the components and the spacecraft.

Shipping and receiving space is urgently required to provide
service for both local and world-wide logistic support requirementis.
The present facilities at the Goddard Center are at the saturation
point. The proposed building being located within the Center complex
will avoid the waste of manpower and transportation equipment utilized
in traveling to rented space currently utilized for the storage, shipping,
and receiving functions.



¢a-s I

DEVELOPMENT OPERATIONS BUILDING

GRAPHIC SCALE

GODDARD SPACE FLIGHT CENTER
FISCAL YEAR 1963 ESTIMATES

DEVELOPMENT OPERATIONS BUILDING

~gF
sjuisjajs i
NORTH ELEVATION

<

spapgataRRagaeTseyayapize

PR

OFFICES l OFFICES

OFFICES IM. . OFFICES
B E N 8 —
n 0
u uw
(¥ V]
i n
™ L
[} o]
I INSTRUMENT LOAN & REPAIR
L) L]
MAGNETIC TAPE FACILITY
SHIPPING
LIBRARY
s
SATELLITE HOLDING FACILITY
RECEIVING
SPACECRAFT &
COMPONENT
100 INSPECTION AREA
\ N J ]

FLOOR PLAN



COST ESTIMATE:

A. IAND ILCCIUISITION.nol.lo0...oll0.00UOCrollocloiicoquOI-

B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS..:ccs000cevs

Water 1ineS..ecccesccsssoscccccccoccsons $25,000
Steam lineS.ccecescecccscscccccsaccnnnns 15,000
Sanitary and storm sewers...eecsescessss 20,000
Electric power and communications systems 50,000
Additional equipment for central power
plant....ccoveennnn Chieeseeseesnnesoas Lo, 000
Roads and parking aref@S..cccsececeseecss 95,000
Grading, clearing, and seeding...eseeceee 5,000

C. TFACILITY CONSTRUCTION AND MODIFICATIONS.::eeeossesscoas

Building:
15,000 square feet of office space at
25.00 per square foobt.eeeeeneraenn. 375,000

55,000 square feet of open work and
storage space at $20.00 per square
fOOt nnnnnnnnnnnnnnnn R R B RN I I S I R S B I Y l,loo"om
D, EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS....cc..

E. DESIGN AND ENGINEERING SERVICES..ce0scceeccccccnccesass

Total estimated costececcece.

$250,000

1,475,000

. - -

125,000

R ——

$1,830,000

- atms—
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GODDARD SPACE FLIGHT CENTER
FISCAL YEAR 1963 ESTIMATES

LAUNCH PHASE SIMULATOR

DESCRIPTION:

This project provides for the construction of a combined environ-
ment facility to be employed in the test and qualificaticon of scientific
unmanned spacecraft. The facility will be capable of subjecting
spacecraft of the Centaur class and smaller to realistic simulation
of the significant temperature and acceleration-spin-vacuum.

The facility will comprise a test capsule mounted on a 65-foot
radius rotating arm, a prime mover system, related environmental
systems and support equipment, and an operations building. Spacecraft
will be mounted within the test capsule and subjected to steady state
acceleration loads resulting from centrifugal action as the arm rotates.
The length of the arm is dictated by the size of spacecraft to be tested
in the facility and by the maximum acceleration gradient produced along
the thrust axis of the spacecraft under test that is consistent with
realistic testing. It will be possible to test specimens 10 feet in
diameter ani 15 feet in length with an acceleration gradient of 20
percent. The facility will furnish 30 g's acceleration for spacecraft
weighing up to 8000 pounds and 50 g's for spacecraft of 1000 pounds
and less, Vibratory excitation will be imposed simultaneously with
steady state acceleration by means of an electronically controlled
vibration shaker system with the vibration shaker located near the out-
board end of the capsule at the spacecraft mounting interface. A spin
table, that can be employed interchangeably with the vibration shaker,
will be included for testing small spin Stabilized spacecraft. The test
capsule will serve the dual purpose of a vacuum vessel and a streamlined
aerodynamic shroud. Its design will eliminate transverse wind loads on
the specimen and minimjze the power required to overcome aerodynami:
drag. A vacuum of 10~ Hg will be achieved within the test capsule
for combined envircnment tests and to eliminate mechanical effects >f
the atmosphere on spacecraft under spin test. High performance
mechanical vacuum pumps will be employed for evacuation. The test
capsule will be designed to accommodate interior mounting of radiant
heating and cooling elements for use when test programs require simula-
tion of the temperature environment encountered during launch. The
temperature extremes will be from -65°C to 100°C with provisions for
localized hesting to higher temperatures.

Operetion of the facility will be conducted in an coperations tuilding
located adjacent to the simulator area. This building will provide a
useable area of approximately 10,000 square feet for supporting services,
spacecraft staging, test control, and monitory activities. Equipment
requiring direct tie-in with the simulator will be located in an
enclosure surrounding the hub of the simulator. The simulator will be

CF 5-El1
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LAUNCH PHASE SIMULATOR
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LAUNCH PHASE SIMULATOR




set in a concrete pit whose side walls will provide safety protection.
The facility will be designed for all weather operation. Data
acquisition will be coordinated with the automatic data processing
system of the Goddard Center. Drawings and sketches of the launch phase
simulator are shown on the preceding two pages.

JUSTIFICATION:

The ever-increasing complexity, size, and missions of scientific
spacecraft dictates the need for a test facility that will permit the
straightforward and accurate determination of all significant failure
inducing eflects actually encountered during the launch phase of space
flight. The facility is needed to secure the highest possible leve.. of
confidence in spacecraft launch integrity for the NASA missions scheduled
during the period 1964-1970 and beyond, such as the geophysical,
meteorological, and communication satellites and space observatories.

Scientific satellites and space probes encounter severe exposulre
to failure inducing stresses during launch. During this period they
are subjected to the effects of simultaneously imposed acceleration,
vibration, pressure change, and temperature change. The stress patterns
produced thiroughout spacecraft during launch are so complex that pre-
diction of system performance under these conditions is not amenable to
a8 theoretical approach. Developmental tests of system prototypes and
proof tests of actual spacecraft intended for flight are therefore
required.

Curren: laboratory techniques for testing the ability of spacecraft
to survive launch employ single environment simulation equipment. $uch
equipment cannot impose the additive stresses and interactive environ-
mental effects actually encountered during launch. Examples of these
effects are as follows:

(a) A spacecraft structural member, such as a pressure vessel,
may successfully survive consecutive exposure to acceler-
atilon, vibration, vacuum, and temperature yet fail due to
stress additions occurring when these same environments are
irposed simultaneously.

(b) Most vibration failures are associsted with resonance phe -
nomena. However, system resonant freguencies can be sig-
nilicantly modified by superimposed steady-state acceler-
at:ion.

(e) The simultaneous application of steady-state acceleration
and reduced pressure such as encountered during upper stage
propulsion can cause corona or other electrical malfunction
due to small displacements of conductors or relay contacts.
This phenomenon may not be disclosed during single environ-
ment tests.
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(d) Steady-state acceleration can preload vibration isolators
s0 as to diminish their effectiveness and can displace
isolated elements to the extent of causing violent impact.

These sffects can be partially counteracted by the overdesign of the
spacecraft and by overtesting. However, they do remain as elements that
can negate an entire mission; they may also result in an excess of
structural mass with an attendent sacrifice in capacity to carry furactiocnal
scientific sxperiments.

With the coming generations of large and complex scientific space-
craft, the problem of resolving these effects becomes so great that
verification can best be conducted by ground-based realistic simulation
of the combinad launch environments. The proposed facility will fulfill
this requirsment. Although single environmental test equipment will con-
tinue to be vitally important to diagnostic development efforts, the
launch phas2 simulator will be capable of revealing effects not attainable
in any other way.

COST ESTIMATE:

A. TLAND ACQUISITION....... et eraceanavenens ceeectineenans . -
B. SITE DEVELOPMENT AND UTILITY INSTALIATIONS....cecusesss. $250,000
City water lines.......ceeeue.. Cheeieiesan. $10,000
Chilled water lines......... coeveead tesecas . 15,000
Steam and condensate return lines.......... 15,000
Senitary and storm sewer lines..... ceeanee . 10,000
Electric power and communications systems.. 125,000
ROBAS. s orvrnnnacnnnns Crreenaas Ceieecaanes 60,000
Clearing and grading....ceccsees cersesssens 15,000
C. FACILITY CONSTRUCTION AND MODIFICATIONS:::eseesovscsne .o 900,000
Operations building...(10,000 square
fest at $20.00 per square foot)...... ceee 200,000
Simuilator enclosure...(32,000 square
fect at $20.00 per square foot)......... . 640,000
Special foundations....cceeceececess cheaies 60,000
D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS......... 2,695,000
Prime mover (package unit)........ Ceeeneaa 1,395,000
Arm and counterbalance........ veeenene vesen 290,000
Operations controls...ccceeeeeeeceeenes cees 230,000
Data handling equipment.....cceoeavececenns 100,000

Vibrating table...cciseerereerenensssosanes 330,000
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Spin 't}a,ble...-..-..-.....o.......-...-..- $T0,000

VEBCUUNL PUIPS + e s seoveceasnsensassoscoccrocns 100,000
Aerodynemic capsule..... 130,000
Temperature conditioning............ cesae 50,000
E. DESIGN AND ENGINEERING SERVICES......... teteeaaens teaans $7C,000

(An sdditional $85,000 has been allocated
from fiscal year 1962 funds)

Total estimated cost.....ccveve... $3,915,000
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GODDARD SPACE FLIGHT CENTER
FISCAL YEAR 1963 ESTIMATES

SPACECRAFT OPERATIONS FACILITY

DESCRIPTION :

A spacecraft operations facility is proposed for constructicn
as an addition to the central flight contrnl and .renge - - .
operations laboratory. The new facility will consist of approxi-
mately 70,000 square feet of floor area in a basement and two flocrs.
The building will be of concrete and steel frame with face brick
masonry exterior walls similar to the existing building and will te
designed 0 accommodate heavy antenna loads in the roof. Office, work
space, and parking area will be provided for approximately 150 pecple.
The building will provide space for critically needed data reduction,
control center, computation, and communications equipment which ie
included in the project. Because of the special demands of this type
equipment, around-the-clock, all-season air conditioning will be
provided. In addition, special electric power and mechanical services
will be provided for the data handling equipment and related laboratory
aree. A drawing of the proposed facility is shown on the following

page.
JUSTIFICATION:

NASA's expanding requirements in the tracking and data
acquisition areas make necessary the procurement of additional data
reduction, computation, and communications equipment. As itemized
in the cost estimate at the end of this project write-up, $5,000,000
of the total project cost of $7,500,000 is required for equipment
procurement. The existing facilities at the Goddard Center are
currently overcrowded; hall areas are being used for tape and equip-
ment storage; the lack of space for installing additional equipment
is causing data reduction activities to fall Behind real time; and
additional space must be provided in time to permit the installation
of equipment required for the support of advanced flight missions.

A more detailed discussion follows of the major equipment and
instrumentation items included in this project.

A large scale digital data processor is required to accept
the output of the digitizing systems and to perform editing, orbit
merging, and data reduction functions. Heretofore, these functions
have eitiaer been done by hand or not at all. The newer satellites
will be using advanced telemetry systems which are adaptable to
automatic data processing. They will produce tremendous quantities
of data which can only be reduced through the use of the large scale
digital data processor. The small scale digital data processor will
augment the existing capability and is required to handle the expected
increase in volume of data to be processed.
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The tape evaluation equipment will be added to the existing
facilities to permit rapid and current evaluation of the analog
tapes received from the world wide data acquisition networks. The
analog tc digital conversion equipment will be used for establishing
the capatility for real time data processing. Research and develop-
ment -in this area has shown that this mode of operation can produce
large savings in time and manpower. This equipment is essential <o
the programs involving the use of orbiting solar and gesophysical
observatories.

The printers, plotters and electronic accounting machine
equipment will be used as input/output peripheral equipment for both
the largz and small scale digital data processors. They are required
as a means of rapid presentation of reduced dats to the experimentiors
and will augment the present capability.

The purpose of the advanced control center is to provide suitable
facilities for monitoring the activities, and controlling the
operation, of all spacecraft and all ground instrumentation facili-
ties for which Goddard Space Flight Center has responsibility.

Wall displays in the central control area will consist mainly
of graphical and tabuler information. Graphic information will be
generated by means of plotting projection equipment driven in real-
time by a digital computer. This type of system is suitable for
display o .launch trajectory and orbit ground trace. Tabular infcr-
mation such as network and spacecraft schedules, must be capable cf
flexible and rapid selection and updating. Projection TV equipment
will be driven by a drum memory storage fed by a digital computer.
Other displays in the central area will show network and spacecraft
status; countdown and Greenwich mean time; and other data of general
interest. A closed circuit TV system, with monitors located in the
central control room, the project control rooms, and at remote
locations; will be used to provide information such as countdown
status, cperational summaries, and data messages. A flexible in-
formation distribution system, employing voice and closed-circuit
TV, will lirk the central control room, project rooms, equipment and
computating rooms, and the communications center.

The type of data displayed in the prcject control rooms and
the contrcl facilities made available there, will vary considerably
from project to project. Some of the information displayed in these
rooms will te processed locally, but data requiring a large computer,
or data which is selected from the more general display in the cen%ral
area, will be generated in a central computlng facility and remoted
via buffers as required.
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The major computational workload is handled by the use of
rental equipment. However, certain specific items of equipment
are required for full computational effort in a proprietary manner
incompat.ble to the use of rental equipment. A high speed Printer
for off-line production of specialized data, world map print-outs,
orbit det.ermination, and theoretical work will be used for specific
tracking and data requirements wherein considerable development
modificetions of input-output methods are involved. The use of
coordinaste, Xx-y and rectilinear plotting equipment for visual data
production will also be used in this same area of endeavor.

Preliminary requirements for the expanded communications
center indicate the need for audio and video magnetic tape recorders,
a communications supervisory control console, and a microwave terminal
Two video magnetic tape recorders will be needed for recording tele-
vision pictures from future Nimbus satellites and for transmitting
and receiving television pictures from communications satellites.
Future requirements will involve the Apollo and other manned spacsa-
craft prcjects.

Three multi-channeled audio magnetic tape recorders will be
provided to make recordings of the voice channels used in the world-
wide tracking networks. A supervisory control panel will be required
to facilitate network control, present network status, and activate
trouble alarms. Future communications systems will employ wide band
data channels. Due to the wide bandwidths involved, this data can
only be brought into the Goddard Center by microwave equipment. ‘The
Nimbus Project will be one of the first to require these bandwidths.

COST ESTIMATES:

Al IANDACQUISITION.I..Q..I....Q...Q................... -
B. SITE DEVELOPMENT AND UTILITY INSTALLATTIONS..ecsecoess $400, 000
Water 1ineS.eeceescesececccsaccannans $25,000
St‘eam lineS-..-...-....-........--o-. 15,000
Sanitary and storm sewers...s.ccceeses 10, 000
Communications and electrical
POWEr SYStEMSeeeseessacescacasens 80, 000
Parking Brefececsccssscsscoscccescses 60, 000
RO?id B-lteratiOnSoo-.o..o ------ LI I S A I lo,ooo
Addition to emergency power system... 50,000
Addition to central power plant...... 150, 000
C. TFACILITY CONSTRUCTION AND MODIFICATIONS.seeeecesvoas 1,950,000

Building...(70,000 square feet
at $28.00 per square foot)..... 1,950,000
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D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS.......

Data reduction equipment:
Large scale digital data processor.... $1,500,000

Small scale digital data processor.... 600,000
Tape evaluation equipment........... . 200,000
Analog to digital conversion eq_ulpment 500,000
Printers, plotters, and electronic

accounting machine equipment........ 200,000

Control centers:

Display projection equipment.......... 600,000
Buft’er equipment.....cccceiivececoccnns 250,000
Information distribution system....... 455,000
Digital and static display equipment 107,000

Consoles, lighting control, screens,
cables, checkout, and repair

equipment..... e R L E T R cos 100,000
Comput:ation equipment:

High speed printer........ secssesesase 50,000

Plotter..... cectresenaas ceeseserensans 50,000
Commuications equipment:

Vicdeo tape recorders....ccceeecccees .o 150,000

Magnetic tape recorders, voice........ 90,000

Comrmnications control board.......... 20,000

Microwvave terminal equipment.......... 128,000

E. DESIGN AND ENGINEERING SERVICES.......

Total estimated costeseeecseseess

$5,000,000

—120,000

$1,000,000
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GODDARD SPACE FLIGHT CENTER
FISCAL YEAR 1963 ESTIMATES

TRACKING AND TELEMETRY LABORATORY

DESCRIPTIOI:

This project covers the construction of a laboratory consisting
of approximately 100,000 square feet of floor area in ground floor,
two additionel floors, and headhouse space. The building will have a
monolithic concrete frame and floor slabs with face brick mesonry ex-
terior walls. Antenns test rooms provided in the headhouse and roof
slabs will be designed to accommodste antenna loads. Interior parti-
tions will be of concrete block and movable metal. Offices, laboratory
work space, snd parking areas will be provided for about 350 people.
The building essentially will be a duplicate of the space scilences
laboratory with revisions and alterations required for the new site
orientaticri. It will contain the necessary electrical, air-conditioning,
and ventilstion systems for research and development of electronic and
optical trecking and telemetry equipment. Existing utility systems will
be extendec. to the building and the central power plant steam generating
and chillec. water capacity will be expanded as required. Drawings of
the proposed laboratory are shown on the following page.

JUSTIFICATION:

This building will house the additional scientific personnel
required fcr research and development of ground support instrumentation
for tracking and data acquisition systems. Studies will be made on
optimum transmission, modulation and detection systems, low-noise
preamplification systems, cryogenics for high capacity data reduction
systems, spacecraft ground control systems, ultra sensitive antenna
systems, ortimum feed and multiple feed antenna systems, antenna drive
systems, timing systems and VLF propagation studies. The functions of
this laboratory will serve to develop and improve new and existing
tracking and data acquisitions ground support systems.

The first and second floors will provide laboratories for studies
in the areas mentioned and offices for the research personnel. The
basement will provide space for building heating, ventilating, and
electrical equipment; some equipment storage; additional laboratory and
office space; and a small electronic instrumentation shop.
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COST ESTIMATE:

A. LAND ACQUISITION.....-.....oooqoooocooouo'onnoonooooooooooo- -
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS:sssssssssssssecss  $275,000

Water lineSceececscecssoscecssssssscoscscesscccnes $h5,000

Ste;am lines.................l.......l........" 30,000
S&nitary and storm SewerSecceccscssosoescsssasne 30,000
Electric power and communications systemSessesss 70, 000

RO&dS &nd Parking 8rCaB8eecescevsvecocvccsccssooce loo,ooo
C. FACILITY CONSTRUCTION AND MODIFICATIONS:essecesssccsscccesss 2,600,000

Building -- (100,000 square feet
at $25.00 per square foot)......... e . 2,500,000
Addition to power plantececececcccssocsacasscns 100, 000

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS:ssesecscosss 300, 000
Special electrical system for laboratory use... 200, 000
Special air-conditioning for high heat loss
electrical equipmentecescceoccccossecesosccas 100, 000
Eo DESIGN AND ENGINEERING SERVICESIQ...'.QQ....Q...l.l.l..o".o - .o
(Advanced design funds in the amount of
$75,000 allocated from fiscal year 1962
funds) _ ~

Total estimated costesece.e... $3,175,000
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No.

CF6-A2
CF6-A3
CF6-B1
CF6-C1
CF6-D1
CF6-E1

CF6-F1

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1963 ESTIMATES

CONSTRUCTION OF FACILITIES - 1963 PROGRAM

JET PROPULSION LABORATORY

Location plan

Addition to fabrication services building......
Data operations and command facility......

Engineering mechanics building

.

Additions to materials research laboratories....

Telecommunications laboratory.....

Utility installations

Total..

$605,000
2,420,000
3,045,000
610,000
2,860,000

. 820,000

$1L0, 360,000
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JET PROPULSION LABORATORY
FISCAL YEAR 1963 ESTIMATES

ADDITION TO FABRICATION SERVICES BUILDING

DESCRIPTION:

An addition is requested for the fabrication services building
currently under construction. The addition will provide approximatsly
18,000 square feet of floor space, and will include a sheet metal shop,
machine shcp, weld shop, assembly room, metal stores room, tool crib,
and officec. The building will be & high bay structure, one story,
completely air conditioned, and of permanent type construction similar
to the fabrication services building. A drawing of the proposed addition
is shown orn the following page.

JUSTIFICATION:

The first phase of the fabrications services building, currently
being constructed, will consist of a machine shop, inspection rooms, and
offices. The sheet metal shop, weld shop, assenbly room area, and metal
stores ares remain in the existing machine shop building. This means that
the personrel and functions of this division will be widely separated, and
must rely cn short-line commmications between supervision and key personnel
in both areas.

The transport distance between the new facility and the existing
fabrications shop is approximately one-mile round trip. Work in process
in the new fabrications shop that requires sheet metal or weld service
will have to be shuttled by truck between the two buildings. Approxi-
mately 50 per cent of the work in spacecraft and environmentel test
equipment requires this type of intermittent service. Raw stocks will
also require transport between the two buildings.

The prcposed addition will insure the more effective operation of the
Laboratory's fabrication facilities by consolidating all fabrication
division personnel, by eliminating duplicate equipment, and by discontinuing
-the inefficient shuttle service between two areas. Upon completion of the
fabricatior. services building and the addition proposed in this project,
the existing shop building will be demolished.

COST ESTIMATE:

Ao IANDACQUISITION-olnon-oo-o-.oaoo.oooo-o.oooooonno-..o-oo -



JET PROPULSION LABORATORY
FISCAL YEAR 1963 ESTIMATES

ADDITION TO FABRICATION SERVICES BUILDING
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B. SITE DEVELOPMENT AND UTTLITY INSTALLATIONS.......

Grading, paving, sidewalks, and
. $5,000

1andscaping.cocecesescsresssssscecnnes
S‘ubsfb;a-t:lonOOl...0...'.....00.'...0....' 5’0%
Utility connections.....cvecnevee.. 15,000

FACILITY CONSTRUCTION AND MODIFICATIONS.......

s e s eo0 000

C.
Building .. (18,000 square feet at $24.20
Pet‘ S‘q_uare fOOt)-....-............... )'"35,000
D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS.cveeee
Welding shop equipment......ceoceeeecss 28,500
Saw shop equipment...cceeevesscaccacens 8,300
Sheet metal shop equipment......ccecee. 63,200
E. DESICN AND ENGINEERING SERVICES:v.eceeoceeseccosscoccns

Total estimated cost...ccceees

g6

’5,000

435,000

100,000

8

22,000

CF 6-A5



JET PROPULSION LABORATORY
FISCAL YEAR 1963 ESTIMATES

DATA OPERATIONS AND COMMAND FACILITY

DESCRIPTION:

This project proposes the construction of a 53,800 square foot
laboratory-office building to provide the facilities for the computers,
and for tae operation and control centers required for the lunar and
planetary programs. The facility will be of permenent type steel or
concrete construction end completely air conditioned. It will be designed
to house analogue and digital computers, a maintenance area, supporting
laboratories, engineering and scientific display and analysis areas, status
plotting boards, operations areas, a communications center, and exthibit
areas. It will also contain conference rooms and offices for the techni-
cal personn=l engaged in work in these areas.

The building will consist of two stories above ground, a basement,
end a mechanical equipment room on the roof which will house air handling
equipment. The basement will contain the mechanical equipment room, data
and spare equipment storage areas, research equipment maintenance labora-
tories, a commmications room, a crypto room, and a data processing
laboratory.

The first floor will house the main data operations and control areas,
commmnications and control rooms, a space sciences area, a customsr
engineering area, a spacecraft analysis area, a data conversion area, con-
ference rooms, a control lobby, and a TV display room. The seconi floor
will accommodate the engineering date displasy and evaluation area,
scientific data display and evaluation areas, conference rooms, a data
library, offices, and a stand-by room. The building will be structurally
designed for the possible future addition of a third floor.

A drawing of the proposed facility is shown on the following page.

JUSTIFICATION:

The data operations and command facility is planned as the mission
operations command center from injection to the completion of a particular
unmsnned lunar or planetary mission. Pre-injection tracking information
received from the Atlantic Missile Range will be evaluated and relayed to
the deep space network as anticipatory information to facilitate the
acquisition of the wvehicle by the deep space facilities. When the spacecraft
has been injected, the tracking data received from the deep space facilities
will provide the necessary inputs to enable the Command Center to calculate

CF 6-Bl1
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JET PROPULSION LABORATORY
FISCAL YEAR 1963 ESTIMATES

DATA OPERATIONS

AND COMMAND FACILITY
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the transit trajectory orbit. Real-time orbit determination calculations
will be performed to establish the magnitude and direction of the tra-
Jectory corrections required. Appropriate commands will be initiated at
the Commsnd Center and transmitted to the spacecraft via the deep space
network facilities.

The dete operations and commend facility will receive, record, and,
where aprropriate, display the spacecraft data, both engineering and
scientific, for diagnostic and command decision purposes. Real-time and
selected resr-real-time data will be made available to the mission
operations personnel and participating scientists, so that any necessary
revisions and modifications to the sequence of scientific experiments may
be determined and implemented during the spacecraft operating life. In
addition, the facility will provide raw and processed data to the partici-
pating scientists for later analysis and interpretation.

At present the data operations and commend functions required for the
Ranger tyre spacecraft and missions are being carried out in portions of
four buildings and in sixteen rented trailers. These areas do not include
office space for the additional personnel required for future operations.
As the lunar and planetary programs develop, the concurrent schedules,
special processing and display requirements, greatly increased volume of
data, greater mission life times, and more complex command and decision
functions will exceed the maximum capability of these interim facilities.
The proposed new facility will allow the 150 personnel engaged in lata
operations and command functions to be consolidated, will permit tae
rental trailers to be evacuated, and will eliminate the need for tae
rental of additional off-laboratory space. The geographical separation
of certain of the functions in the data operations and command areas
would impose great handicaps on the successful accomplishement of the lunar
and planetary programs.

A review of currently planned and projected unmanned lunar and planetary
projects and missions reveals the need for a single facility devotsd to these
projects to be operating on a near full-time basis shortly after its earliess
completion. When it is realized that joint lunar and planetary operations
will be conducted concurrently beginning in the mid-1962's, it becomes even
more urgent that a separate facility to support these projects in a timely
and closely integrated fashion be provided. '

COST ESTIMATS:

Ao IANDJM:Q]JISITION ooooooo © 0 00 8000 NSNS SSESCS ® 006 6800908000060 -
B. SITE DEVELOPMENT AND UTIIITY INSTALLATIONS...... .,o.o.: $.125,000
Grading, paving, sidewalks, and
LANASCaPing.cccecoscocesonanns corees  $25,000
Sut):;t’ltion....bﬂ.ﬂﬁ050....0.......'0.0 60’000
Utility connections...cceesooeseccsess 40,000

(F 6-B3



C. FACILITY CONSTRUCTION AND MODIFICATIONS...eeceeecsosses.  $1,495,000

Building .. (53,800 square feet at
$28.40 per square £OOt)..ceeeereenaasss $1,495,000

D. EQUIFMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS....¢.... 800,000
Office equipment....cvveveeecrcncncncnnes 20,000
Comrmnications equipment...c.ceeevveccces 15,000
Stand by power system..ceccceceosscsssanas 55,000
Speciel display status boards and
projection equipment.....ccccccceiannnn 213,000
Conq'u‘t"ing equpmnt.l.....‘...l....l..‘.. 265,000
Date, handling equipment..ceecceeevecconss 232,000
Eo DESIGB[ANDENGINERING SEMCESO00.0..0!0.!.0.000.“...0. . ""'-;/

Total estimated coSteceeceseees g}peogooo

]-'/ Fiscal year 1962 funds in the amount of $140,000 have been allocated
for advanced design services.

CF 6-Bh4



JET PROPUISION IABCRATORY
FISCAL YRAR 1963 ESTIMATES

ENGINEERING MECHANICS BUILDING

DESCRIPTICN:

This project proposes the comstruction of a 100,000 gross square foot
building of which approximately 40,000 square feet will be in offices and
60,000 square feet in laboratories. The building will be multi-storied
with a full basement; air conditioned, and of permanent type steel or
concrete construction. The laboratories will be of various sizes to
accommodate all types of leboratory work. They will be designed around a
utility core which will provide the flexibility of changing from one
function to another. Some details of the building ere shown in the drewing
on the fcllcowing page.

JUSTIFICATTCN:

The space sclences division of the Jet Propulsion Laboratory has the
primary technical responsibility for the NASA's lunar and planetary pro-
grams. Tre personnel of this division are currently scattered in five
separate tuildings and in rented labcratory-type trailers. Some con-
solidatior of the division personnel will be possible upon completion of
the space sciences lsbeoratory authorized in the fiscal year 1961 rrogram
and currertly under cconstruchtion. The additional space to be provided by
the builiding proposed in thisg project will sccommodate the balance of the
division personnel who cannot be housed in the space sceinces laboratory,
snd will provide office and lsboratory space for the anticipated personnel
growth of this diwvision.

The ccnstruction of a permsnent building of this type will permit
sub-standsrd buildings to be vacated and demolished, and will allow
rented treilers and off-lskoratory rented space to be evacuated. The
proposed building will provide office and lshorstory space for a total of
approximately 305 employees.

COST ESTIMATE:

A, TAND ACQUISITION...:ccecoosn cososnocs coscenacanoss ccoenns ———
B. SITE CEVELOPMENT AND UTILITY INSTATIATIONS::oce.. coeceans $95 ,000
Grading, paving, sidewslks, and
landscaping..caseooo seececansescnces  $20,000
Substation..coeoveeosecen cocoane csooan 45,000
Utility connections..ccoccocooossoss oo 30,000

CF 5-C1
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JET PROPULSION LABORATORY
FISCAL YEAR 1963 ESTIMATES

ENGINEERING MECHANICS BUILDING
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C. PACILITY CONSTRUCTION AND MODIFICATIONS....eeeesersvvasse. $2,700,000

Buillding .. (100,000 square feet at
$27.00 per square foot).......esee.  $2,700,000

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS...veeccce. -
E. DESI(V AND ENGINEERING SERVICES. :ccteccecocscscsososssosns ___‘2202000
Total estimated coBt..ceeeeeencsceens &OMQ,OOO

OF 6-C3



JET PROPULSION IABORATORY
FISCAL YEAR 1963 ESTIMATES

ADDITIONS TO MATERTALS RESEARCH IABORATORIES

DESCRIPTICN:

It is proposed to add an additional 20,000 square feet of laboratory
and office space to house additional personnel and to carry out supporting
research snd advenced development work on materials to be used in space
vehicles. Approximately 10,000 square feet will be added by construction of
two additional floors on the existing materials research laboratory;
another 10,000 square feet will be provided by an addition to the existing
materials research processing lesboratory. Drawings of the proposed
additions are presented on the following two pages.

JUSTTFICATION:

Additicnal facilities are needed to carry on supporting research and
advanced development work on spacecraft and space vehicle materials. The
performance cf present day vehciles is limited by the lack of knowledge
of the prorerties of materials at very high temperatures. The approach to
a solution of these problems will be from the standpoint of metallurgy and
ceramics, and also from that of solid state physics. Development and
testing of improved materials will be carried out on many types of space
vehicle corponents. These will include rocket nozzles and other propulsion
components, fuel tanks and solid fuel rocket cases, and equipment t>
operate in the very high vacuum of outer space. Part of the work will be
aimed at providing engineering data required to design advanced types of
space vehicles. A substantial part of the work planned for the new
laboratories will deal with the effects of high vacuum, radiation and
particles found in space upon materials which may be used for spacecraft.

Research is also planned on materials for electronic applications which
will lead toward the development of solid state electronic devices ‘to permit
mejor decre=ases in weight and increases in the performance of space vehicle
electronic devices and instruments.

COST ESTIMATE:

Ao IANDA(}IQUISI'I’ION ooooooo ® 08808880 @ 6 0 8 60 9P O 0 8008 0AQ0CS 0T RSSO hadhadiad
B. SITE DEVELOPMENT AND UTILITY INSTALIATIONS:::eecocoosasas $30,000

Grading, paving, sidewalks, and

1andscaping: ccseecososeossosscsasssosss $13,000
Substation..... tescseccectescssoascanaces 10,000
Utility connections.......... coeeenoassaoa T,000

CF 6-D1
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JET PROPULSION LABORATORY
FISCAL YEAR 1963 ESTIMATES

ADDITIONS TO MATERIALS RESEARCH LABORATORIES
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JET PROPULSION LABORATORY
FISCAL YEAR 1963 ESTIMATES

ADDITIONS TO MATERIALS RESEARCH LABORATORIES
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C. FACILITY CONSTRUCTION AND MODIFICATIONS::.eeseoescesasccess $625,000

Addition to materials research laboratory
(10,000 square feet at $27.50 per
SQUATE FOOL)eeevserreencssacssaneseases  $275,000
Additiion to materials research processing
leboratory .. (10,000 square feet at
$25.00 per square fOOt).cesecescessssss 250,000

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS..:.eccecenv.e -
E. DESIGF[AI]DENGIMERINGﬁ:RVICES.oo.oonooooocoooonool.o.cnn. _.Zézmo

Total estimated cost.eceseccesse.o.  $610,000

(F 6-D4



JET PROPULSION LABORATORY
FISCAL YEAR 1963 ESTIMATES

TELECOMMUNICATIONS ILABORATORY

DESCRIPTION:

This project proposes the construction of an 82,000 gross square foot
building to provide approximately 40,000 square feet of leboratory space
and 42,000 square feet of office space. The multistory building will have
an adjecent ground area available for instrumentetion vans to be used in
connection with the lsboratories located at that level. The building will
be completely air conditioned and of a permanent type steel or concrete
construction. The general office and lsboratory arees will be designed with
special emphasis on high capacity air conditioning for the laboratcry areas
and with adequate power allowance for certain laboratories with high power
requirements. Drawings of the lsboratory are shown on the followirg page.

JUSTIFICAITON:

The telecommunicetions laboratory requested in this project will house
personnel engaged in the central administration and direction of the deep
space instrumentation facilities and in research and sdvanced development
programs in this area. Their work includes the design, installastion, and
operation of suitable ground tracking snd commnications facilities
required in the lunar and planetary programs. The work is accomplished
both through in-house efforts and by the technical direction of ouliside
contractors.

Facility requirements for telecommunications work include the asccessi-
bility of technical trailer and laboratory space; an adequate location forr
testing antennas with good visibility for long distances; the need for a
consolidated location where transmitting work may be done without Inter-
ference to the work of other activities; and the need for a locat:.on where
antenns receiving work can be done without electrical interference from
surrounding activities.

The proposed new laboratory will allow scattered communications
activities throughout the station to be consolidated, will permit sub-
standard buaildings to be vacated and demolished, and will contribute to
a reduction in the need for rented trailer facilities and off-laboratory
space. The telecommunicetions laboratory will provide office and labora-
tory space for approximately 325 employees.

CF 6-E1



JET PROPULSION LABORATORY
FISCAL YEAR 1963 ESTIMATES

TELECOMMUNICATIONS LABORATORY
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COST ESTIMATE:

A,

B.

LAND ACQUISITION..... seecacessrssanss tecescesacssacecstacs
SITE DEVELOPMENT AND UTILITY INSTALIATIONS...eeseeevceocss
Grading, paving, sidewalks, and landscaping.... $30,000
Substation......... Y = 0 J(0 o o)
Utility connections.......... teeceereeene cesnes 45,000
FACILITY CONSTRUCTION AND MODIFICATIONS.:ecvceososcccccnss

Building .. (82,000 square feet at $28.00
per £quare FOoOot)..ccieiriscrsesscssocansnss 2,290,000

EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS...........
Radio frequency screening for laboratories.. 125,000
Instrumentation......... Chcecesanas ceeeseans 35,000
Laboratory equipment. .. cococveeeacorcssoocces 40,000

mSIMIANDmeRmG%RVICES....l............‘......'..

Total estimated cost

$135,000

2,290,000

200,000

235,000

$2,850,000

CF 6-E3



JET PROPULSION LABORATORY

FISCAL YEAR 1963 ESTIMATES

DESCRIPTION:

Funds are requested in this project for the modification and
expansion of the laboratory's utility systems.

UTILITY INSTALLATIONS

In addition to the

utility improvements normally required to support new facilities,
this project includes improvements to two major laboratory access
roads ani the development of a new parking area.

JUSTIFICATION:

The location o
these items is indicated in the drawing on the following pege.

Modifications and expansion of the laboratory's utility systems
are requirad to support the facilities proposed for construction in

the fiscal year 1963 budget.

roads shown in the drawing is urgently required.
be widen=d to handle an increasing volume of personal and industiial
vehicular traffic. The Jet Propulsion Laboratory is not served by
public =ransportation and all employees travel by the use of privately
owned vehicles. An additional parking area is necessary to keep pace

with the authorized and anticipated staffing levels.

COST ESTIMATE:

A. TAND ACQUISITION....

B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS..

68 00 0 e

Bite grading and general landscaping..... .o
Roads, sidewalks, grading, and

3069 poeecea0e R s

Parking areas, grading, and paving..... oese

Storm drains.....

e e 0060000000000 e e

Water distribution system...ccececcnseccans
Sanitary sewer system.....

Gas distribution
Air distribution

system..
system...

Power distribution and communications

systems.......
Substation.......

Dnprovements to East access roadecccesecens
mprovements to West access road.....co....

West parking lot.
Street lighting..

000 e e

The resurfacing of the two access
The roads must also

$50,000

116,000
110,000
45,000
10,000
5,000
3,000
3,000

60,000
25,000
115,000
97,000
81,000
10,000

$730,000

CI* 6-F1



PN AR LI &

L
Ll

v p— ] 1 (]
C

s ”.....nu\.u_.uz%:%”

/(7HO(¢(LL \AH_UM
aINvaaVT 1 Il OVID 55377V -

/

.xmm:m;aj

gy i 5704101 2 4
191 JUiAZYd 61504983~

NI 6T vuiAave GS

SNOILVTIVLSNI ALlTILAN

S3LVWILSI €961 ¥V3IA VISId
AHOLVHO8VT NOISTINdO¥Yd 131

CF 6-F2



C. FACILITY CONSTRUCTION AND MODIFICATIONS..:ecoeesencacscss -

Do EG‘,UIPNEENT, INSTRmTATION, AND S[JPPORT SYSTEMS. see e s0 2 I

E. DESIGN AND ENGINEERING SERVICES...e.eeeveersernnesnecses $90,000
Total estimated COBLeeeessoacers 2820;009

CF 6-F3



Page
No,.

CFT-A2

CF7-A3
CFT7-Bl

CFT-C1

CFT7-D1

CF7-E1

CFT7-F1

CF7-Gl

NATTONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1963 ESTIMATES

CONSTRUCTION OF FACILITIES - 1963 PROGRAM

LANGLEY RESEARCH CENTER

Location plan
Addition to heating plent.secesccesccccocenacees

Additional equipment for magnetoplasmadynemics

research..ﬂ...".........l‘....".....l0...-.

Additional power supply and improved arc
chamber for l0-megawatt arc tunneleeecevesses

Environmental research facilities for space-
craft components and materialsS.ecesceccecacsse

Particle accelerator for simulation of micro-
meteoroid impact..csececcesesccsccccascassonns

Stabilization and control equipment leaboratory.
Vehicle antenna test facilityeecececccccscsaaes

Totaloo.........tocoooal

$ 858,000
1,450,000
60,000
¢97,000

$36,000
1,366,000
1,725,000

$8,092,000

SFT7-Al
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LANGLEY RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

LOCATION PLAN

FACILITY NO.

580
581
502
=020

583

584
585
586
587
640
ghy
6ho
643
fonn
645
6h6
647
648
650
720

T-107

A

Il —n

58%-A

720-A
720-B

EAST AREA

180’ o' 80

DESCRIPTTION

OFFICES - MANNED SPACECRAFT CENTER
(TEMPORARY IOAN FROM AIR FORCE)

FORMERLY ATMOSPHERIC WIND TUNNEL

THORNELL AVENUE SUBSTATION

BEAST COMFRESSOR BUILDING

FORMERLY IOW-TURBULENCE PRESSURE TUNNEL

FORMERLY TRANSONIC BLOWDOWN TUNNEL

MAINTENANCE BUILDING

UTILITY BUILDING

FORMERLY 22-INCH TRANSONIC TUNNEL

SERVICE BUILDING

ADMINISTRATION BUILDING

8-FOOT TRANSONIC PRESSURE TUNNEL

&_T00T TRANSONTIC TUNNEL
TV ey A [WLVSL Wy EIWEY ¥R FeT )

BACK RIVER SUBSTATION
FULL-SCALE TUNNEL
FREE-FLIGHT TUNNEL
20-FOOT FREE-SPINNING TUNNEL
DYNAMIC TUNNELS BUILDING
EAST SHOP

TRANSONIC DYNAMICS TUNNEL
MATHIS ROAD SUBSTATION
TANK NO. 1

DYNAMIC MCDEL SHOP

TANK NO. 2

300' 450" 600’ 750"

Q
HHMHHHHEN

SCALE IN

FEET



LANGLEY RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

ADDITION TO HEATING PLANT

DESCRIPTION:

It is proposed to enlarge the cepacity of the existing heating
plant located in the West Area of the Langley Research Center by the
eddition of a 105,000-pound-per-hour steam boiler and a new 110-psi
air compressor and dryer. The project includes a 5,000-psi pressure
reducing station, supplied by a new l-inch, 5,000~psi air line from
the gas dynemics storage field. The equipment will be housed in a new
50- by 60-foot addition to the heating plant building end in adjacent
areas in the existing building. A sketch of the proposed building
addition is shown on the next page.

JUSTIFICATION:

The central heating plant which supplies steam throughout the
West Ares will soon be inaedequate. The present boiler capacity is
108,000 pounds per hour at design temperatures. The steam load
has become acute in that the existing connected steam load is now
114,000 pounds per hour. This situation will be intensified when
Tacilities presently under way, such as the dynamics research laboratory
and the hypersonic aerothermal dynamics facility, begin to use steam.
The requested boiler will provide the needed additional steam capsacity
for these facilities and will provide some reserve capacity for new
construct:ion. In addition, the requested boiler will aid in cerrying
the load when another boiler is shut down for maintenance.

The aeating plant's location at the hub of an underground duct
system has led to the building's serving as & control source for com-
pressed alr. The demand for compressed air has grown to such an
extent, that several of the existing systems are inadequate. The 100-
psi air system, which supplies air to all West Area buildings, is in-
adequate during peek demend periods. In the event of a major
breakdown of the existing air compressor, research work would be
delayed. The proposed air compressor will be & supplement to the
existing compressor, supply the needed additional air supply, and
will maintain service in the event of a major breakdown of the existing
compressor. The demand by several research facilities for air over
2,000 psi is met by filling bottles with an existing 2,500-psi
compressor. However, this compressor even with booster is inadequate
to meet existing research demands. The proposed 5,000-psi service
connecticn will utilize an existing source to supply the increasing
demand in this area for high-pressure air.

CF T7-A3
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The existing heating plant was constructed in 1943, and 10 years
later one additional boiler was installed. There is no more space
available in the building. The proposed building addition will house
the feed water pump, other boiler auxiliaries, and air compressors.
Some equipment will be relocated from the existing building in order
that the new boiler may be placed alongside existing boilers.

This proposed addition to the heating plant will require about
30 months from the initiation of design to the completion of con-
struction. Design funds have been approved in the amount of $u42,500
in the fiscal year 1962 for this project so that a construction contract
may be awarded early in the fiscal year 1963. The advanced construction
date will reduce the critical heating situation from four heating seasons
to three before added boiler capacity is available.

COST ESTIMATE:

A. LAND ACQUISTTION...cevocccaassossssscecccscosssossascossone ——-
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS....cceceecesceces  $41,000
C. FACILITY CONSTRUCTION AND MODIFICATIONS:.:ececccosscsccsvess 605,000
Building alteration...(3,000 square feet at
" $42.60 per square foot)......... B - 5 11 0 s o

mile‘rltolo0l..oo..OO..OQI....I....O........l..o. 335,m
Pipi:'g mvisionso...-.....-.00..0.......0.0....00 ,000

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS...ceeeceese 212,000

Elec't'lrj.cal sysm..0‘0........l......’..l....‘... 87,m0
ALY CODPIeBSOTecsccssscsessccssssssssssssassssass 125,000

E. DESIGN AND ENGINEERING SERVICES ($)-I-2, 500 allocated from
fiscal year 1962 funds)...coeseeseeeen e e .o _ -——

Total estimated COBtecseccoces ﬁzB‘OOO

CPT-AS5



LANGLEY RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

ACDITIONAL EQUIPMENT FOR MAGNETOPLASMADYNAMICS RESEARCH

DESCRIPTICN:

The equipment requested in this project is needed to permit in-
vestigations with plasma generators and accelerators of larger size and
more advanced research capabilities than can be provided with currently
available equipment and systems. The following items will be procured
and, as indicated in the sketch on the next page, located in existing and
converted. space in the former gas dynamics laboratory:

(a) Electrical energy storage bank of capacitors having low
inductance and very fast discharge rate.

(b) Specially constructed chamnel for larger scale d-c, steady-
flow plasma accelerator,

(¢) Plasma source utilizing high-power arc jet.

(d) Large superconducting magnet with cryostat for applica-
tion to plasma accelerators.

(e) High-capacity steam-ejector evacuating system for receiving
" and neutralizing plasma flows with alkali metal seeding
elements.

(£) High-current d-c transmission line to power arc plasma source
(item (c)) from existing remote d-c power supply.

(g) General laboratory instrumentation including microwave and
other electronic and electrical equipment.

JUSTIFICATION:

It has become apparent that significant benefits will flow from the
application of research results in the sciences of magnetohydrodynamics
and plasma physics in future space flight and other technological de-
velopments. Many advances have been made at the Langley Center and else-
where toward understanding the basic plasma phenomena involved in efforts
to accelerate plasmas, to extract electrical energy from moving plasmas,
and to convert plasma energy to radio-frequency energy. All of these
latter efforts are directly applicable to space flight technology and are
leading to concepts and advanced ideas that can be applied to plasma
propulsion, plasma power generation, and space communication. Much of
the research accomplished to date, however, has been qualitative in the
sense that the equipment has been too small in scale and the energy levels

CF7-Bl
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involved have been too low to permit detailed quantitative study and
evaluaticn of the significant parameters involved and of the effects

of variations in these parameters. Although various plasma devices
which have been studied appear to offer attractive possibilities for
various &pplications, sufficient quantitative information has not been
obtained 1o permit realistic evaluation. The equipment being requested
in this project is aimed primarily at providing facilities for study-
ing such devices as plasma accelerators and plasma gune on a scale and
with power levels sufficiently high to permit the very necessary quanti-
tative understanding of the phenomena involved. The project is a con-
tinuation of the work undertaken with fiscal year 1962 funds which is
providing the capability for clarifying magnetoplasmadynamics phenomens
in a quanftitative fashion.

COST ESTIMATE:

A. LA.NDACQUISITION.............-.-...........-...-...v...-o. -
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS...eoescveesece $340,000

Power transmission lin€eececccsssesessecsonse $300,000
Extension of steam linC.cscessoscscsccoccccss 40,000

C. FACILITY CONSTRUCTION AND MODIFICATIONS..evscctvosunsceens 645,000
Steam e jector evacuating PUlDP.seeesscessseses  $85,000
PJ.B:JSW;. sowce (a-rc Jet).........l'.l’..'.."l :L60,000
D-c stead-flow plasma accelerator channel..,. 100,000
Capacitor bDankK.eseescessscsvsveresssssanseesee 300,000
D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS.:.creceses 465,000

Superconducting magnet and cryostat..ssesee.. $250,000
Instrumentation and support equipment........ 215,000

E- DESI‘}N AND ENGDIEERDIG ERVICES.Q..'........'O.l.l.l'.... -
Total estimated cost....... $1,450,000

CF7-B3



LANGLEY RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

ADDITIONAL POWER SUPPLY AND IMPROVED ARC CHAMEER

FOR 10-MEGAWATT ARC TUNNEL

DESCRIPTION:

It is proposed to increase the capebility of the existing 10-megawatt
arc tunnel to similate the reentry conditions experienced by vehicles re-
turning to earth from lunar or planetary missions. The project includes
the addition to the electrical power equipment of the arc tunmel of
re¢tifiers and associsted auxiliaries which will convert a part of the
a-c power to d-c power; the construction of an improved arc chamber in-
corporating newest techniques in arc heating of air for generating higher
temperature asirstreams; and the addition of cooling system components to
convert the present open water-cooling system to a closed water-cooling
system.

A sketch of the improvements proposed under this proJject is presented
on the following page.

JUSTIFICATION:

When space vehicles reenter the earth's atmosphere from lunar or
planetary missions, the air immediately adjacent to the vehicle surface
will be heated to a temperature of approximately 16,000° F, The flow
of heat from this high-temperature air into the wvehicle structure creates
the exceedingly difficult problem of protecting the vehicle and its occu-
pants against flaming destruction. The potentiality for destruction of
the vehicle as if it were a meteor is evident from the fact that all
known materials are vaporized at temperatures below 7,200° F.

Structures and materials research on the problems of thermal protec-
tion for spece vehicles, requires ground-based facilities which can
simulate the reentry environment. This means that research facilities
must be capeble of generating and handling airstreams of 16,000° F and
higher. Various methods of heating airstreams have been used in super-
sonic research facilities, including combustion of chemical fuels and
electricel. resistance heating of heat exchangers, but none of thesge
methods sre capable of producing the temperatures experienced in reentry.
Approximetely 3 years ago, a significant breakthrough occurred when
methods were developed for using high-intensity electric arcs to heat
air to the required temperatures. The Langley Center developed a number
of subsonic and supersonic arc jets and a subsonic arc tunnel for

CF 7-C1



NY¥1la 20074 T9Y 11UV
V==
O PR e r——— R
Q2A0W3Y 39 OL INILSING T2000TTT [ h L o b
NOILINALSNOD MIN T i i j )
NOLLINULSNGD INILSINT T Lo ! 1 s
R ECER W li , ! / \
P S U | / .
| / !
il i f p
R T Qd\l‘;‘u I T ,, ! IRIHAS WANITA |
e e =1 il LI T I ] L PIVA |
| i i = | = | I
100y om ool o i I I | ! . LM, : | /
N91d4 NO1L179900 . A | i i Y /
= S | I I T T | I R \ /
Ny — = 1 Ir -3 =1 N \
v N - T T T 1
| | '
S A ) =1 | i | S - \\
J,(u\J\m“ﬂng T | wy BovAl Y ] | :, ~ | L
Nl :Jm. LLJ_,Z _ ! hxp ”W 1 1 T3NNNL aTAIM0d uu«V r o R meL\
2 HE il | e SN B
Q1 lawsi g e Q,WU e I ! WO0A ALIMIDVS 137 22¥ ; D
Dl T oo T A 7 i :
e a1 sl < REEC _
uw_w aﬂwﬁlﬁa [} M _ w_ oHs : __
" d
Jremg 2R O - Y S — 2t
T NOILY Dtd11932 |
' o J_w 2% 7 -3 K1ddNS 3ImM0d ~— ONINIO MIN mfl_ oz_S_oammz,muzﬁww.w.\ uagbﬂﬁmza !
W g ﬁ W00 137 TVINIWIZIdX3 N _I I_._.: dnns
| M=
L -
e e
J > b
o s LT L i _u L 2
—— | !
b “

AHAIWNVHD JdV QAAOddIN

SHILVINILSH €96T YVHA TVOSIA
MHINED HOYVHSHE AHTONV'I

CF7-C2



performing research on small materials test specimens in airstreams

at temperatures up. to 11,0000 F, the temperature encountered in re-
entry from near earth orbits. In recognition of the fact that a larger
facility was needed for tests of models of reasonable size, & 10,000-
kilowatt arc tunnel was provided in the fiscal year 1958 appropriation.

The existing 10-megawatt arc tunnel was designed to produce in
the test section the high temperatures (11,000° F) and enthalpies of
energy content (8,000 Btu/1b) which simulate the enviromment experi-
enced by a vehicle on reentry from near-earth orbit at approximately
25,000 feet per second. However, lunar vehicles such as Apollo and
future planetary vehicles will reenter the earth's atmosphere at
36,000 feet per second, the velocity required to escape from the earth's
gravitational field, and higher. To simulate this environment in the
test section, the arc chamber mist be capable of generating air with
temperatures approximately 50 percent higher (16,000° F) and enthalpies
approximstely 100 percent higher (18,000 Btu/1b) than its present
capability. The most advanced techniques for electric arc heating of
air will be applied to achieve these temperatures and enthalpies.

Reentry from space remains one of the most difficult problems of
successful menned space flight. Intense effort mmust be applied to the
solution of this problem. The electric arc-~heated tumnel is the only
adequate experimental method of investigating the reentry problem.

The requested improvements in the capabilities of the existing 10-
megawatt arc tunnel will provide information of direct and immediate
use in the design of manned space vehicles.

COST EST-MATE:

Ao LAM) A(:QUISHION-...e........-ocooo.oo.oooooocoo.oooc-oco -
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS..cctseccecceces $48,000
C. FACTLITY CONSTRUCTION AND MODIFICATIONS..eeeeseeesescosss 68l+,000
D-: power supply and BCCESB0rieSeeceeoceassss $308,000
P:L]?i]:gt..lO.oOOOQQnootro.coooo...o.o.o..ooooo ‘ 98,000
k[‘c ‘:h.amber a.nd accessorieSoooooooooooooooooo 2%,000
Equipment housing...(1,980 square feet at
$26.25 per squere foot). 52,000
Do EQU]:PME:NT, mSTmI'M‘ION, AND SUPPORP SYSEMS-.......... .-
E. DES:I'}NANDmeRmG WCESI.................I....... —— 28200(-)-

Total estimated cost....... $760,000

CF 7-C3



LANGLEY RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES
ENVIRONMENTAL RESEARCH FACILITIES FOR

SPACECRAFT COMPONENTS AND MATERIALS

DESCRIPTION:

A variety of vacuum chambers and accessory equipment will be in-
stalled in the existing structures research laboratory to test materisls,
structural components, and equipment of spacecraft in the similated en-
vironment of space., The vacuum chambers will range in size from
1 cubic foot to approximately 50 cubic feet. All will be capable of
minimum pressures below 0~° millimeters of mercury (corresponding to
altitudes in excess of 200 miles). Accessory equipment will be pro-
vided to simnlate ulitraviclet radiation and solar thermal radiation,
to measure weight loss of materials resulting from evaporation in
space vacuum, to apply structural loads (both static and dynamic) to
the test specimens, and to measure resulting strains, displacements,
and temperatures. «

JUSTIFICATION:

Materials and structures of space vehicles must relisbly withstand
a space environment that is drastically different from the earth-
surface environment. The nearly complete absence of an atmosphers and
atmospheric pressure, the presence of ultraviolet and other solar
radiation of high intensity (undiminished by an sbsorbing atmosphere
as for the earth's surface) s and other factors degrade to some degree
the surface, physical, and thermsl properties of materials and threaten
their very survival on missions of long duration. While both metallic
and nommetallic materials are affected, nonmetallic msterials are ex-
pected to be more adversely affected; nonmetallic materials must, how-
ever, be more extensively used because of other desirable characteristics.
An imporiant example of a nommetallic material that must not be degraded
in the space environment is the ablating material that constitutes the
thermal protection system of reentry vehicles.

In the hard vacuum of space some materials evaporate very rapidly,
but a siznificant loss of material during a mission cannot be tolerated.
Metals tend to weld on contact in vacuum and the dynamic characteristics
of structures may change as the environment affects the characteristics
of components. Ultraviolet and infrared radiation embrittle many
plasticis; the embrittlement of flexible seals on windows, doors, and
hatches of a gspacecraft could cause a catastrophic loss of the atmosphere
within the vehicle., These and many other problems must be investigated

CF T7-DL



4o assure a high degree of reliability in the materials and compo-
nent parts of spacecraft during flight through space and subsequent
reentry, :1f required.

Degradation of materials in the space environment is time dependent,
months or years often being required to detect significant changes. Most
of the accomplished space missions have been of relatively short dura-
tion, but: present plans envision manned flights ranging from 2 weeks for
initial lunar exploration to more than a year for the first planetary
missions. Orbital space stations and lunar bases must have long lives
to be economically feasible., Tests of even longer durations are re-
quired to satisfactorily determine the properties of materials required
in design.

The research and testing planned for the chambers will consist of
the measurement of changes in the surface, physical, thermal, optical,
mechanical, and other important properties of materials, structural
components, and equipment resulting from long exposure to the similated
space environment, including the single and combined effects of each
aspect of that environment. Both test chambers and specimens will be
smell to provide a large volume of data at low cost.

Only a few vacuum chambers are presently availeble at the Langley
Center fcr work of this type; consequently, several long duration experi-
ments car completely dominate the program. A substantial number of
chambers is required so that single tests can run for the weeks, months,
or years required in a program composed of a reasonable total number of
experimerts., The proposed addition is the first step in the augmentation
and consolidation of small-scale vacuum facilities at the Langley Research
Center. All but a few of the proposed chambers are commercially avail-
able and. can be placed in operation without delsy. Test results can
therefore be available promptly for early application to the space
program, :

COST EST.IMATE:

As IJANI)ACQUISITION....-oc..ouo-oo.oo.o.o..oooo-oooa-.o.'.-. —--
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS...cecesceasoso $22,000

Co FA-C:L[JIrH CONSTR[ICTION AND MODIFICATIONS; cecosassecstosorOn e o

CF T7-D2



D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS...evccee. $945,000
va(:11mn equimnt..................‘0.....000. $6;02,om
Installation and accessori€Seicececscscecceess 157,000
Cr:n)g‘!nic panels....O'...O.t..'t..‘..000.0..l %,OOO
&:U!r lms.......0l......................0.. 62,000
El‘a‘:t:rica-]— Bystemsoooo..000............0..... 28’0%

El DESI(}:N .AND MGIMERING mRVICES.‘.‘O.....t......'l!bol’00' —— Eo:om

Total estimated cost..iceee &gg[,ooo
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LANGLEY RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

PARTICIE ACCELERATOR FOR SIMULATION OF MICROMETEOROID IMPACT

DESCRIPTION:

The particle accelerator proposed for construction in this project
will consist of three principal components: a high-voltage Van de Graaff
machine of 5.5 million volts capacity, an ion beam particle charger and
injector, and a detector for counting the particles and measuring their
velocity. The principle of operation is that the highly charged
particles, when exposed to the large potential difference generated by
the Van de Greaff machine, are accelerated to high velocity in an evacu-
ated tube. The particles strike the surface of the test specimen at
meteoroid velocities. Performance predictions for this apparatus indi-
cate that a velocity of 80,000 feet per second will be attained by highly
charged tungsten particles of l-micron diameter and 30,000 feet per second
by 10-mic:iron particles.

The accelerator will be housed in a separate concrete enclosure
with adequate thicknesses of concrete to provide shielding of personnel
against secondary radiation produced by this equipment. A sketch of
the facility is shown on the following page.

JUSTIFICATION:

The available information on comet and asteroid debris in space
clearly iadicates that a serious meteoroid impact problem exists for
manned space vehicles. The meteoroid impact may result in penetra-
tion of %the vehicle by the larger particles or it may result in erosion
of the surface of the vehicle by the smaller particles which are en-
countered in great numbers. Considering the specific case of a vehicle
of the Apollo type, the probability is high that several penetrations
by meteornids will be experienced in a lunar mission of 2 weeks. In
addition, & sandblast-type erosion will be experienced from the more
frequently encountered micrometeoroids. These micrometeoroids might
not penetrate the vehicle shell, but their erosive action will obliter-
ate surface treatments which, through ability to reflect or absorh
solar heat and radiate internslly generated heat, have the very important
function of controlling the internal temperature of the space vehicle
and mekiag it hebitable by men and by instruments. Although this loss
of tempersture control proceeds slowly, it constitutes & hazard to the
success of manned space flight just as much as impacts by penetrating
meteoroids.

CF 7-ElL
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Existing research facilities for launching high-speed particles
are incapable of producing velocities in the range of 30,000 to 250,000
feet per second which are attained by meteoroids. The highest velocities
now attained are below the lower limit of meteoroid velocities. No
other technique appears capable of developing velocities as high as
those which appear feasible with the particle accelerator. The facility
proposed ia this project is particularly well-suited to the purpose of
simulating the most frequently encountered meteoric particles, those
with high velocity and density but small mass.

In comparison with the known costs of conducting meteoroid impact
research in space by means of satellites, a ground facility of the type
proposed is very economical. Because the major component of the facility,
the electrostatic accelerator, is a well-developed and readily avail-
able piece of equipment, the particle accelerator can be placed in
operation within a time period such that significant research can e
performed toward the goal of understanding and minimizing the micro-
meteoroid hazard for meanned space vehicles.

COST ESTIMATE:

A, TAND ACQUISITION....ecovevees tesessesesssscsrssessans cene -——

B. SITE DEVELOPMENT AND UTILITY INSTALLATION...:cseecsncescs $124,000

Electrical distribution...... tececeeeeneasees  $54,000
Gradling, paving, and mechanical utilities.... 710,000

C. FACILITY CONSTRUCTION AND MODIFICATIONS...:eeoecceoracsses 709,000
ACCC&lC.‘I'&'tOI‘..-.-........ ooooo e @8 v e n 0000000 e $L|‘52’OOO

Awxiliaries for accelerator....ceesecccsssescss 142,000
Shielded accelerstor housing and control
roomn. .. (1,148 square feet at $100 per
square £OOt)eisesseecosacassseseasss 115,000
D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS.....eces. 70,000
Eo DESI(}]V JmDENGINEERING SE:RVICES....o'.ovo.o-oo-voom.ooooo — EE:OOO

Total estimated cost...... _ $936,000
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LANGIEY RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

STABILIZATION AND CONTROL EQUIPMENT LABORATORY

DESCRIPTION:

A stabilization and control equipment resesarch laboratory is pro-
posed for construction consisting of a building with special reseerch
facilities and including associated offices and shops. The building will
house inertial similators, special high-pressure air supplies for
air bearing inertial simulators, electronic simulation facilities for
closed loop integrated systems studies, medium high-vacuum facilities
for low torgue control system investigation over long time periods,
long-throw optical facilities for use with simulators, rate tables and
gervoed tables for use with rate and integrating rate gyroscopes,
equatorial mount tables for gyroscope testing, a time drive mount for
use with sun, star, and planet seekers, and a magnetic field control to
simulate the fields which may be encountered by a space vehicle.

The stabilization and control equipment laboratory will include
a long-tarow optical facility for use with the simulation equipment and
special provisions for eliminating or avoiding externally induced vibra-
tions. The laboratory building will provide one floor for shop and
workrooms over & basement for the long-throw optical facility, with a
40~ vy 40-foot by 35-foot high simulator room at one end as shown in
the drawing on the following page. ‘

JUSTIFICATION:

Research investigations in reentry aerodynemics and heating, and
trajectory analyses and control studies for lunar and planetary missions
require the use of research vehicles and probes which must be accurately
and efficiently guided and controlled through a flight-test program.

Research and development which will result in improved reliable
equipment for sensing and controlling vehicle position and orientation
is urgertly needed. Stabilization and control work is at present
hampered. by the lack of the facility proposed in this project. Fresent
and future work can be grouped into three categories:

(a) Research and development activities with respect to specific
space flight and reentry projects.

)

(b) Testing and evaluation of contractor furnished guidance and
control equipment used in the Langley Center activities.

CF T-F1
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(¢) Research and development to provide information and tech-
niques needed to secure scceptable guidance and control

systems.

Specific examples of recurring needs in the first two categories
are the Little Joe and the Scout control system projects. Similar
future work on extensions of the Scout vehicle and its psylosd, end
on the monitoring of control equipment that might be used in large-
scale reentry tests will require even more complex and accurate equip-
ment than was needed in the past. The need for reentry datse at lunar
return velocities regquires that the requested facility be available to
check ou: the precise, complex booster and payload control eguipment
systems which will be used.

In addition to vehicle guidance, support work is required ir. con-
Junction with conceptual lunar orbit and landing control studies to
evaluate and test guidance and control concepts employing optical
sensing devices and efficient attitude control techniques. Examples of
work in -the third category are projects seeking to define the optical
characteristics of the earth's horizon, and the development of simple
horizon scanning sensors. Work is under way and will continue using
flight research vehicles to provide needed design data which will. be
directly usable for the lunar reentry maneuvers. The requested simu-
lation facility will allow testing of the sensing devices needed for
this worl.

The menned planetary flight, rendezvous, and docking programs will
require the development and evaluation of sensor concepts for ster
trackers, map matchers, high sensitivity accelerometers, sextants, and
optical radsrs. The incorporation of such sensors into attitude control
gsystems will require complete simulation of the over-all control loop,
including the legs and nonlinearities of the actual control jets used.
The requested facility will provide the necesseary optical facilities,
inertiel. simulation facilities, special exhaust facilities for special
fuel, and supporting instrumentation to allow rapid progress in the
developnent of such systems.

COST EST.IMATE:

Ag LAND.A.CQUISITION‘,.,..Q....-........;...-.o-........-r....... hatadad
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS...ccoccecesces $90,000
C. FACTLITY CONSTRUCTION AND MODIFICATIONS..ecccoesssocernss 371,000

Laboratory building ...(18,600 square feet at $19.95
per square foot).....$371,000

CF 7-F3



D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS.....e....
Test BPPATALUS. .ccceee.cseoacscsrsncasccaseas $300,000
Instrumentation and read-out equipment.....,. 550,000
Electrical equipment..sececcececeocccnsccosss 25,000

E. DESIGN AND ENGINEERING SERVICES...ciceeeenscoccncccecoscsns

Total estimated cost......

CF T-F4
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$1, 366,000



LANGIEY RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

VEHICLE ANTENNA TEST FACILITY

DESCRIF/TION:

An antenna test facility is required for use in reentry environ-
ment and other flight programs and to serve as a tool for advanced
genersal. research and development on antenna systems for vehicles
utilizing radio telemetry.

The facility will include two indoor radio-frequency anechoic
antenna test chambers, one chamber to be used for antennas utilizing
the frequency range between 100 mc and 1 kmc and the second for the
frequency renge 1 kmc to 80 kmc. An antenna assembly area will be
provided., A separate screened room will be availlable as either a micro-
wave systems laboratory or as a low noise receiving techniques labora-
tory. 'The laboratory building will consist of the test range area having
a ceiling height of approximately 35 feet and a one-story wing containing
the remaining work area. A sketch of the proposed facility is shown
on the following page.

JUSTIFICATION:

Work is underway on several space flight projects involving the
use of multistage launch vehicles and their payloads, and on gerneral
long range research and development projects on data transmission
techniques utilizing radio telemetry. These projects involve the
simltaneous use of several radio-frequency receivers and transmitters
which mist be provided with noninterfering antenna systems which radiate
efficiently to illuminate the ground telemetry and tracking stations.
The proolem is further aggravated by the fact that the data transmission
mist continue when the vehicle is immersed in highly ionized gases
during reentry. At present, antenns tests are accomplished on an out-
door range under the difficulties imposed by extraneous signals due
to reflaction from surrounding objects and by environmental radio noise
due to nearby equipment. Inclement weather also limits the amount of
work that can be done. The more complex antenna systems which are
evolving are more critical of noise environment and cannot be satisfac-
torily tested on the outdoor range. The proposed facility is required
so that design, development, and adjustment of new high gain antenna
systems can be accomplished effectively and economically to meet; the
expanding requirements. The screened room, which will be provided as a
microwave and low noise receiver techniques laboratory, is required for
the development of high sensitivity receiver equipments and for the
adjustament of receiver-transmitter units required for antenna testing.

CF 7-:1
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COST ESTIMATE:

A.

B.

mlvD imQUISITION'...."."...D'....l............ll........
STT® DEVELOPMENT AND UTILITY INSTALLATIONS...eeeseeeeose.

JEAL11E1€5 0 e esvooassnsenssorsassessnnassnsoas $190,000
(}mm mdpavm...'.....'.........'.'..... . 30,000

FACILITY CONSTRUCTION AND MODIFICATIONS..escscserccccsase
Anechoic-shielded CREmDETS...cveeesseesennses $H10,000
screened mom.'.'-....'....'...........".'.’ : 30,000
Laboratory building...(14,820 square feet at

$26.32 per square foot) 390,000

EQUIPMENT, INSTRUMENTATTON, AND SUPPORT SYSTEMS..........
Antenns range instrumentation....seceeeceess. $200,000
Microwave instrumentationes.ceccececscccscees 100,000
Ia‘boratolv Stmdards'........................ 200,000
Leboratory test and shop equipment........... 145,000

DES’IGN AND ENGBEERmG SEBVICES'QQDQQQoolauoccoooooco-ooo

Total estimated costececess

$220,000

830,000

645,000

—30,000
$1,725,000

S ———
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No.,

CF8-A2
CF8-A3
CF8-B1
CF8-C1

CF8-D1

CF8-E1

CF8-F1

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1963 ESTIMATES

CONSTRUCTION OF FACILITIES - 1963 PROGRAM

LEWIS RESEARCH CENTER

Location plan

Development engineering building.......veee.. e
Hydrogen heat transfer facility......eceevueens
Lunar propulsion research facility.......c.co...

Modernization and reconditioning of Plum
Brook service facilities....oceeeevecienconens

Nuclear rocket dynamics and controls

facility...ecvovuennn e enans crreeenaaeren
Space propulsion facility...eoveeecrerecnn. “oe
Total.ie.oeeeunnn et anns

$U4, 650,000
2,400,000

6,275,000

1,508,000

3,500,000

25,500,000

$43, 833,000

————— s ————————
 ——————————— ——
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GATEHOUSE (MAIN)
PERSONNEL BUILDING
ADMINISTRATION BUILDING
FLIGHT RESEARCH BUILDING
ENGINE RESEARCH BUILDING
CHEMISTRY LABORATORY
ALTITUDE WIND TUNNEL
EXHAUSTER BUILDING
REFRIGERATION BUILDING
COOLING TOWER NO, ]

ICING RESEARCH TUNNEL
STEAM GENERATING PLANT
SUBSTATION B
TECHNICAL SERVICE BUILDING
UTILITIES BUILDING
ZLECTRIC PROPULSION RESEARUH BUILDING
UNDERGROUND FUEL STORAGE

AIR DRYER NO. 1

SOUTH GATEHOUSE

PROCUREMENT & SUPPLY BUILDING

ENGINE RESEARCH BUILDING - WEST WING

SPECIAL PROJECTS LABORATORY

SEWAGE PUMPING STATION

COAL STORAGE

BARREL STORAGE BUILDING

PLANT PROTECTION BUILDING

RESERVOIR AND FIRE PROTECTION WATER SUPPLY
SUBSTATION **C**

18'x18"", 18"'x18"" AND 2x2 FOOT SUPERSONIC WIND TUNNELS
LIQUID METALS CORROSION LABORATORY

ROCKET LABORATORY

TEMPO "A™"

ENGINE RESEARCH BUILDING - N.W. WING

ENGINE RESEARCH BUILDING - S.W. WING EXT.
8x6-FOOT SUPERSONIC WIND TUNNEL

DEVELOPMENT

SUBSTATION *'D**
SUBSTATION *'F**
SUBSTATION “'E"
SUBSTATION “'G"

GAS METER HOUSE

DROP TOWER

COOLING TOWER NO. 2
STORAGE BUILDING NO. 47
FUEL STORAGE TANKS

MATERIALS AND STRESSES BUILDING

FABRICATION SHOP

HIGH ENERGY FUELS LABORATORY
8x6-FOOT SUPERSONIC DRIVE EQUIPMENT BLDG. 87
8x6~FOOT SUPERSONIC WIND TUNNEL
RESEARCHK AND CONTROL BUILDING

2x€-FOOT SUPLRSONIC MODELS PREFARA LIUN BLUDG. Y
8x6-FOOT SUPERSONIC EXHAUSTER BUILDING 91
8x6-FCCT SUPERSONIC AIR DR YER BUILDING

L

SUBSTATION *“*H"’
P. S. L. OPERATIONS BUILDING

8x6-FOOT SUPERSONIC FUEL BUILDING

PLANT SERVICES BUILDING

HIGH TEMPERATURE VAPOR SYSTEM

S. L. EQUIPMENT BUILDING

. L. ACCESS BUILDING

- L. PRIMARY COOLERS (2)
L. SECONDARY COOLERS
- L. TIE LINE

L. COOLING TOWER NO. 3
L. FUEL STORAGE

AR TR

VLR on

MISSILE BLDG

. L. ALTITUDE CHAMBERS (2)

L. LOW PRESSURE FUEL PUMPING STATION 203
. L. HIGH PRESSURE FUEL PUMPING STATION 300

AERO TEST
[BEE} BLDG

LEWIS RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

LOCATION PLAN

5. L. CIRCULATING WATER PUMPING STATION

S. L. SUBSTATION *‘I**

5. L. COMBUSTION AIR HEATER

STRUMENT RESEARCH LABORATORY

W. T. PUMP HOUSE
79 P.S. L. COOLING WATER DEAERATORS
81 E. R. B. SPRAY COOLER BUILDING
82 COOLING TOWER NO. 4
83 CRYOGENICS SERVICES BUILDING

84 STORAGE BUILDING NO, 84

85  10'x10° SUPERSONIC WIND TUNNEL
86 10'x10' - SWT RESEARCH AND CONTROL BUILDING
10'x10° -~ SWT SECONDARY COMPRESSOR AND DRIVE BLDG.
88 10°x10" -~ SWT AIR DRYER BUILDING
85 18°aid” - 3WT SUBSTALION "K'

10°x10" = SWT MAIN COMPRESSOR AND DRIVE BUILDING
10'x10' - SWT LOW PRESSURE FUEL PUMPING STATION

92 10'x10* - SWT HIGH PRESSURE FUEL PUMPING STATION

93  10°x10° - SWT COOLING TOWER NO. 5

94 10'x10' - SWT COOLING TOWER WATER PUMPING BUILDING
95 P.S. L. DESICCANT AiR DRYER

99 E. R. B, COMBUSTION AIR HEATER

100 ROCKET OPERATIONS BUILDING

102 LIQUID METALS POWER LABORATORY

103 INDUSTRIAL WASTE TREATMENT BASINS

104 GARAGE

105 MATERIALS PROCESSING LABORATORY

106 BASIC MATERIALS LABORATORY (UNDER CONSTRUCTION)
200 SUBSTATION *“"A*"

201 SUBSTATION "'L**
202 ROCKET ENGINE FACILITY
FRACTURE MECHANICS LABORATORY
ROCKET COMBUSTION LABORATORY

P,
P.
76 P.
IN
A,

ENGINEERING
BUILDING

SCALE

LEGEND

AUTHORIZED AND UNDER CONSTRUCTION

. EXISTING FACILITIES

PROPOSED in 1963 ESTIMATES

WEST AREA

301 ION AND PLASMA JET FACILITY (UNDER CONSTRUCTION)
302 ENERGY CONVERSION LABORATORY
303 SUBSTATION “‘M"

* 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)

CF 8-A2




PLUM BROOK STATION
FISCAL YEAR 1963 ESTIMATES

LOCATION PLAN

\3200 / 3225

BOGART ROAD

FIRE WATER TOWER

REACTOR BUILDING (OFFICE ETC.)
REACTOR SERVICES BUILDING
RAEACTOR WALER TOWER
REACTOR COOLING TOWER

2004 REACTOR SLUDGE BASINS

2005 REACTOR SUBSTATION A

R EAN HOUSE
REACTOR LULL KELEN LIUN BASINS
REACTOR HOT RETENTION BASINS
2010 REACTOR EFFIL.IIENT MY TERINC STATION
2018  WAREHOUSE
2019  WAREHOUSE
3000 AOMINISTRATION BUILDING
3902 HEATING PLANT AND ELECTRICAL SHOP
3003 GATE HOUSE
3004 PLANT PROTECTION BUILDING
3005 MEDICAL SERVICES BUILDING
3007  PERSONNEL BUILDING (INACTIVE)

3013 SEWAGE PLANT

3200 BIG ISLAND PUMPING STATION

3201 SUBSTATION B (AND POWER PLANT)

3202 RESERVOIR AND PUMP STATION #1

3225 RYE BEACH PUMPING STATIGN

3234 RAILROAD SCALES

3235 FUEL OIL TANK AND PUMP

3245 FUEL OIL TANK AND PUMP

3258 WATER TOWER (INACTIVE!

3271  WAREHOUSE

3272 WAREHOUSE

3274 MAINTENANCE SHOP

3275 WAREHOUSE

3276  WAREHOQUSE

3277 GARAGE

3278 GARAGE

3279 WAREHOUSE

3288 DOMESTIC WATER TOWER

3291  WAREHOUSE

3292 WAREBOUSE

3302 AIR COMPRESSOR BUILDING

3310 PUMP HOUSE (INACTIVE)

3313  WAREHOUSE

3314 WAREHOUSE

3350 ROCKET PUMP LABORATORY

3351  ROCKET TURBO-PUMP LABORATORY
3352 ROCKET TURBINE LABORATORY

3353 ROCKET SYSTEMS DYNAMICS LAB,

3354 ROCKET SYSTEMS HYDRAULICS LAB.
3355 ROCKET TURBINE AND PUMP PILOT LAB.
3356 CENTRAL CONTROL AND DATA BUILDING
3357 FLUORINE PUMP LABORATORY

3358 ROCKET SYSTEMS LAB. ---~(PORTABLE RIGS)
3359 ALTITUDE ROCKET TEST FACILITY

3501  SUBSTATION C (AND POWER PLANT)

3502 RESERVOIR AND PUMPING STATION NO, 2
3520 WAREHOUSE

3805 TRUCK SCALE

3813  WAREHQUSE

SCHEID

EXISTING FACILITIES

- ov AUTHORIZED AND UNDER CONSTRUCTION
\ %)

PROPOSED IN 1963 ESTIMATES

SPACE PROPULSION FACILITY

NUCLEAR ROCKET DYNAMICS AND CONTROLS FACILITY
LUNAR PROPULSION RESEARCH FACILITY

HYDRUGEN HEA'T LRANSFER FACILITY

MODERNIZATION AND RECONDITIONING OF PLUM BR OOK.

SERVICE FACILITIES (VARICUS LOGALIONS)

A
B,
c,
E,

[+ 1000" 2000 3000

SCALE
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LEWIS RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

DEVELOPMENT ENGINEERING BUILDING

DESCRIPTTON:

The building proposed in this project will provide office space
for approximately 1250 research and engineering personnel, plus service
areas fcr sssociated mechanical and electricel equipment.

The structure will be of steel frame, masonry and preformed
wall parel exterior, aluminum sash and doors, acoustical ceilings,
vinyl tile floors, and prefabricated interior partitions. Services
will include hot water heating and air conditioning, the usual plumb-
ing, electrical and elevator services, and communications systems.
Grounds will be landscaped and parking space for epproximately 5C0
cars Wwill. be provided.

The building will be located on the north side of Brookpark
Road, directly across from the lLewis Center’'s present entrance as
shown in the drawing on the following page. A short roadway, passing
under the eastern end of the Brookpark Road Bridge, will connect the
new and old areas. The new roadway, plus a relocation of the present
entrance road, will also alleviate an existing serious traffic conges-
tion at this point by eliminating all left hand turns on the highway.

JUSTIFICATION:

The proposed development engineering building is needed to house
the new employees scheduled to be added to the Lewis Center staff.
Space for those reporting during the current fiscal year, and early
in the Tiscal year 1963, will be provided by altering and enlarging
existing buildings. However, the total number of employees anticipated
by the ead of 1963 cannot be accommodated in existing or presently
authorized buildings.

Most of the new employees will be engaged in the managemen®. and
direction of system development contracts placed with various industrial
organizations. At the same time, it is important that they keep in
close touch with the latest research and other supporting test programs
being conducted in the Lewis Center's own facilities. The site proposed
for the new building is admirably situated for both these functions.
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COST ESTIMATE:

A.

B.

IAND A(:‘zU:[SITIONlOOUOOQC0.00Cl00.00000.00000000000.01

SITE DEVELOPMENT AND UTILITY INSTALLATIONS.:eccceces.

Site pPreparation..cccscccscsceccssccnes $9k, 700
Underpass and access ro8Q.vesecssccceses - 200,000
Entr;ygate...................-...--..-. 25,000
Roads and parking areff.cceeccecescccces 110, 000
Ut1lity extensions and connections..... 357,800

FACILITY CONSTRUCTION AND MODIFICATIONS.+coecencscsecs

Building construction...(171,000 square
feet at $19.50 per square foot)e.... 3,330,000

EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS......

Office furniture, fire fighting equipment,
and. auditorium equipment....veeecsss 322,500

DESIGN AND ENGINEERING SERVICES:.«.sesevovcverosenssss

Total estimated costesevesss

$767,500

3,330, 000

322,500

210, 000

$4,650, 000
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LEWIS RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

HYDROGEN HEAT TRANSFER FACILITY

DESCRIPTICN:

This facility consists of an inductively-heated heat reservoir
(pebble bed) and associated fluid storage and flow systems connectad
to a test section wherein research studies will be conducted. The
electric induction heater will heat the pebble bed to a temperature of
5,000 R cver a period of hours with an inert atmosphere present in the
bed. By meens of a suitable valving arrangement, the bed will thea be
used to raise the temperature of gaseous hydrogen to about 5,000°R.

At a design flow condition of 4-1/2 pounds per second, 1200 psi and
5,000°R, the length of run will be 2 minutes. Moximum heat-flux levels
of 40 btu. per square inch per second, which is comparable to those
calculated for nuclear rocket nozzles will be theoretically attainable
in the test section.

Thigs facility will be located at the Plum Brook Station to minimize
the complexity of the hydrogen disposal problem. Included in the
facility are all safety systems, fuel handling systems, utilities,
structures and site improvements that are required. A schematic
diagram of the proposed installation is shown on the following page.

The facility as originally included in the fiscal year 1962
program was proposed for construction on the site of the Lewis Center
at Cleveland, Ohio. The project was temporarily deferred so that
other projects of more immediate priority could be built with the
available funds. Design studies were continued, however, and the
Plum Brook site was determined to be preferable. The main consider-
ation for the Cleveland site was the large connected electrical load
required for continuous heating of the hydrogen. Present plans for
a pebble-hed heater greatly reduce the load. The new site also
provides a better margin of safety because of its remote location.

A reduction in the estimated cost of the facility was also possible.

JUSTIFICATION:

With the increased use of hydrogen as a propellant in nuclear
and thermal rockets, a need for a hot hydrogen facility is evident.
Of most immediate interest is the nozzle cooling and heat transfe:r
problem. Exhaust nozzles for nuclear rockets will be required to
operate with hydrogen gas heated to temperatures in the range of
5,000°R. The present state of the art does not permit delineation of
the heat transfer and cooling analyses relationships required for the
development of optimum flight-type exhaust nozzles.

CF 8-B1
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Research will be conducted on this facility to provide the in-
formetion necessary for the design and development of satisfactory
nuclear rocket nozzles. This research will include basic heat transfer
research and development of various types of nozzle cooling systems
such as regenerative, ablative, and radiation cooling. Research to
evaluate and develop protective and insulating coatings will also
be undertsken. Compatability of materials with hot hydrogen and
various problems of fluid mechanics can also be studied.

Full scale research on nuclear rocket nozzles would be desirable,
but the cost would be prohibitive and a suitable test facility would
be extrem=ly complex. The proposed facility will permit scale model
evaluation of a majority of the heat transfer and cooling problems.
The facility will not be limited to applications for the nuclear
rocket but will also provide a wide range of capebility for funda-
mental high temperature studies related to electrical propulsion
systems and materials.

COST ESTIMATE:

Ao IJA.ND4ACQUISITION-..-.-cooo-ncoootoooonconoooo-ocnc-w -
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS.:eeccesen $205, 000
Clearing, filling, grading, and paving.. $37,250

Electrical power extension and’ :
su])st‘ation.......I.l.........'......'. 129,00‘)

Sew&ge ’breatment Plalltuooooaoooo'ooonuoa 2,00‘)
Ttility extensions and connections..see. 36,750
C. FACILITY CONSTRUCTION AND MODIFICATIONS.csesececccen 251,550

Test building and shop; explosion proof
(1,100 square feet of high bay
area plus 1,750 square feet of
low bay area; 2,850 square feet at
$53.00 per square fOOt)eeeseeossnnes 179,550
Addition to control room at existing
altitude rocket test stand; pill
box construction...(1,600 square
fest at $45.00 per square fOot)eees.. 72, 000

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS..... 1,747,450

Heater, including pebble bed and

induction heater....cesseesscenccoces 865, 000
Hydrogen dewars, trailers, and piping

S3teIS e esesecascossssscssosssssaoss L5, 000

CF &-B3



Electrical controls and instrumentation... $223, 000

Test section and support systems.s..e..e . 195,000
Cra»’.‘l‘a...‘l..-'..I......'...l...'......l. 19,)4'5;0

DESTIGN AND ENGINEERING SERVICES:cececocscsccecsancons
" Motal estimated cost.

$196, 000

$2,1400,000

cl 8-B4



LEWIS RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

LUNAR PROPULSION RESEARCH FACILITY

DESCRIPTION:

This project proposes the construction of test facilities for
conducting eltitude performance evaluations necessary to the
development of the propulsion system for the lunar landing stage of
the Apollo vehicle.

As indicated in the sketch on the following page, the facility
will consist of a vertical firing test stand at the Plum Brook Station
similar tc btut larger than the present altitude facility (B-1). Tae
new facility will be located about 2,000 feet from the present stanad
and will te large enough to provide sufficient work area around a
test chamter approximately 30 feet in diameter by 35 feet high. A
test chamber of this size should be large enough to contain both the
engine and fuel tanks of this stage. The facility will be designed
for testing hydrogen-oxygen engines of appropriate chamber pressurs:s
and expansion ratios, up to 60,000 pounds thrust under gimballing
and various part-thrust operating conditions.

A jacket around the engine and fuel tanks will be cooled with
liquid nitrogen to obtain a low temperature environment. Low pressures
in the test chamber will be obtained by using a diffuser on the ronket
engine exhaust in addition to a multi-stage steam ejector system. The
steam boilers associated with the present stand will supply the high
pressure steam for the new facility. The steam will be piped to
accumulators located at the new site. A new steam ejector system
and spray coolers will also be installed. The circulating water
system at the existing stand will be increased by adding additional.
pumps. The water supply and return lines will be extended to the
new site.

JUSTIFICATION:

A manaed lunar landing mission will require engines with the
ability to start instantly upon receipt of the demand for thrust and
with control characteristics and response rates which are compatible
with landing trajectory requirements. Such engines will use high
energy propellants and will be required to start under the very low
temperature and pressure conditions existing in space. It will be
necessary o study the ignition characteristics and the starting and
stopping transients and to develop an ignition system which will give
reliable suarts under low pressures and after being exposed to very
low temperatures for a long time. The guildance and control systems
will also require the development of engines in which the thrust cen
be varied over a wide range to insure "soft" landings and control cf
the touch-down point.

CF &-C1



LEWIS RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

LUNAR PROPULSION RESEARCH FACILITY
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The successful accomplishment of the manned lunar mission will
ultimately depend upon how well the individual components have been
integrated intc a reliable propulsion system. It is therefore
necessary that the many components, including fuel tankage, pro-
pellant delivery system, rocket engines, and controls, be designed
so that they operate free from undesirable interactions and as an
effective and reliable entirety. Only by testing these components
functioning as portions of the complete system can their interactions
be accurstely determined and a reliable, trouble-free system of
adequate performance be developed.

The facility proposed in this project will provide a sufficient
simulaticn of the space conditions to permit the satisfactory develop-
ment of the lunar landing propulsion system and for the qualification
testing of the flight hardware. By the use of significant portions
of the existing altitude facility, the construction of the new facility
can be accomplished with important savings in cost and on a schedule
which will be compatible with the Apollo program requirements.

COST ESTIMATE:

A, TLAND ACQUISITION:ssscsasescroeesooossennssassscsccccs ———
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS..cecccoes $240, 000
Site developmentcceeoescscsscsssansss  $LT0,000
Utility connectionS.eecnccecccecsscos 70, 000
C. FACILITY CONSTRUCTION AND MODIFICATIONS:e:ececccocees 1,352,000

Test stand struchure; three floors..
(15, 200 square feet at $80.00 per
3qUare £00t)ecceoacsoscsseansacess 1,216,000
Pump house addition at existing
altitude rocket test stand...
(3, 200 square feet at $20.00 per
5qQUAre FOOL)ieoeesecesenceascensss 64,000
Control room addition at existing
altitude rocket test stand.. (1,600
square feet at $45.00 per square
FOOt)eoeoocosoans cecvoscscscesecase 72,000

D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS..... L, 078,000

Exhaust system cO0lersceeccsosscesces 486,000
Exhaust system piping, heaters; and

expansion JointSeeceecovecscasessocs 954, 000
Water system.osoessscococsascacsecccs 572,000
Propellant systemesccecoscsscoccccccs 505, 000
Steam system accumulatorSscscscescoss 700, 000
Steam system piping, valves, and

insulatioNceececccsscocraceccccsaene 375,000
Instrumentation and electrical

equipmentocsecoecooososesssscssessss 486, 000
P ’ cF 8-¢3



E. DESIGN AND ENGINEERING SERVICES:.:cesececeoscesccaces 5605,C00

PAASAY

Total estimated cost.... $6, 275,000
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IEWIS RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

MODERNIZATION AND RECONDITIONING OF PLUM BROOK SERVICE FACILITIES

DESCRIPTICN:

The Iewis Research Center is now operating its Plum Brook Station
on a site under lease from the U. S. Army Ordnance Department. Arrange-
ments for permanent transfer of the site are under way. On the site are
the facilities of the former Plum Brook Ordnance Works built during
World War II as an emergency and temporary installation. After the war,
operations were suspended and the installation kept in reserve. Tae
reconditicning of a number of structures and service facilities is now
required to provide for their safe utilization by NASA personnel.

This project consists of the alteration and reconditioning of a
number of existing buildings; the construction of two small additional
buildings; the renovation and extension of rail facilities; the decon-
tamination of certain areas and buildings; the demclition of surveyed
buildings and process piping lines; and road extensions and improvaments.
The location of the proposed work is shown in the sketch on the follow-

ing page.

JUSTIFICATION:

The construction of NASA facilities at the Plum Brook Station
began in 1355. The NASA capital investment at the station is now ap-
proximately $40,000,000; the additional projects being proposed in this
budget will increase this figure to approximately $75,000,000.

This volume of research facilities must depend for support upon a
war-period built facility involving many miles of highway, railroads,
underground services, and electricasl power services. After more than
20 years of -ase many of these utility installations are beginning o
show volum2 failures.

To date, NASA activities have mainly involved the construction
of facilities for which existing services have not been of critical
importance. However, with the completion of many of the facilities now
under construction it is a matter of serious concern that services be
functiona” to a high degree of efficiency.

The repair and modernization of utility and service installat:ions
must be undertaken promptly. Power failures, breaks in water mains,
bad road conditions, and other breskdowns have already caused some de-
lays and postponements in research operations. As more facilities are

CF 8-D1
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LEWIS RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

MODERNIZATION AND RECONDITIONING OF PLUM BROOK SERVICE FACILITIES
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put into service it can be expected that these interruptions will in-
cregse unt:l the protective remedies proposed in this project are
completed. The significant improvements being proposed are discussed
below:

Bui l('g_:g_r_l_gg :

‘Working space is needed for the additional administrative,
servize, and research personnel being added to the staff of the
Plum Brock Station. Additional space is also needed to house
military and contractor personnel participating in research piro-
jects being conducted at Plum Brook. No suitable space is
available to take care of increased requirements for office space.
The reconditioning of an existing administration building will.
meet these needs.

The hospital building requires renovation. The project in-
cludes new floor tile, painting, acoustical ceiling, and lighting
for this building. The main fire station also requires renovation.
The work to be performed will consist of repairs to the floors and
ceiling, and to the lighting, heating, and communications systems.

Tte combine shop provides space for shipping, receiving,
fabricstion, maintenance, pipefitting and carpentry services.
Repairs will be made to plumbing, drainage, roofing, and electri-
cal systems. Repairs at the garage are required for the water,
heating, and lighting facilities, and to the building structure.

A nevw vehicle 1ift will also be installed. Storage buildings must
be renovated to provide space for the storage of stock supplies
and equipment. As the use of the facilities at Plum Broock in-
creases 1t is necessary to provide additional storage capability.

A new main guard house is needed to provide an adequate
facility for security purposes and to serve as a control center
for communications during emergencies. The cryogenic sanitary
cleaning building is required to provide sterile and controlled
atmospheric conditions for the cleaning of dewars, tanks, vessels,
and engine components. Foreign material in any part of a test
instwallation can result in explosive reactions.

Utility Systems:

The reconditioning and extension of all major utility systems
are needed to provide operationsl reliability. The reactor re-~
quires a reliable source of raw water in large quantities; the
water reservoir and pumping facilities must be renovated and ex-
tended to insure the required reliability. Improvements to gas
and steam distribution lines; to sanitary and storm sewers; and
to the electrical and communication systems are required to meet
an increasing demand for services and as a matter of good business
practice.

CF 8-D3



Railroad trackage:

The renovation and extension of rail facilities will pexmit
the shipment of tank car quantities of helium and liquid hydiogen
directly to the user facilities. At present only trailer deliver-
ies can be made. The use of rail facilities will result in lower
operating costs and longer uninterrupted test runs, and will help
insure that adequate supplies of hellum and hydrogen are available
to maintain research schedules.

Decontamination, demolition, and removal:

The decontamination of several areas is required to utilize
the sites for construction purposes. Several underground TNT
waste disposal lines must also be decontaminated and removed as
they represent a potential hazard for explosion. Buildings which
have been surveyed and overhead abandoned process piping and poles
represent a hazard to personnel. The project includes their de-
molition and removal.

Road. extension and improvement:

The existing roadway network consists of narrow country-type
roads constructed of a waterbound base with either a bituminous
surface treatment (penetration) or bituminous concrete surface.
The road system must now be improved to provide for adequate and
safe transportation and for off-road parking facilities for
hazardous gases and cryogenic liquids in dewars and tube trailers.
The recommended road improvements will provide the necessary
widths, load bearings, and safety features for the transportation
of the large dewars and tube trailers needed by the 1ocket systems
research facilities.

COST ESTIMATE:

Al I.AM)ACQUISITION LRI BB I B N K B BN B R BB R BN B B BN N B I 2L Y B A Y B AR B A N A ] -
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS ....cvevsee.. $ 975,000
Reconditioning and extension of
utility systems .......... Ceseeaenarenas $400,000
Railroad repalrs ccveiecescsascsaasns PR 25,000
Repair and extension of roads ...... ceren 110,000
Decontamination and demolition .......... 440,000
C. FACILITY CONSTRUCTION AND MODIFICATIONS ..vvvevsvrnnseen 458,000
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D.

E.

Reconditioning

building ...
Reconditioning
Reconditioning
Reconditioning
Reconditioning
Reconditioning
New main guard

of administration

of hospital.ceceee... ceeee
of main fire station .....
of combine shop
Of Z8Yage csvssececsoccces
of storage bulldings
house ....cc0e

New cryogenic sanitary cleaning facility.

EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS...........

DESIGI AND ENGINEERING SERVICES ¢.ccecs.

$203,000

8,000

5,000
60,000
35,000
70,000
12,000
65,000

75,000

Total estimated cost ....... $1,508,000
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LEWIS RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

NUCLEAR ROCKET DYNAMICS AND CONTROLS FACILITY

DESCRIPTION :

This project consists of modifications and improvements to tae ex-
isting altitude rocket test stand (B-1l) at the Plum Brook Station to
permit continued experimental investigations of a wide range of impor-
tant research problems concerning the dynamics and control of nuclear
rocket rropulsion systems. The reactor performance will be simulated by
an analog computer acting on inputs from neutron sensors (or other instru-
mentatior) and by controlling valves and other system components.

Primery research equipment will be provided by a propellant tank, a turbo-
drive unit, suitable lines and controls, and by pertinent reactor parts
such as & reflector, a pressure shell, a simulated core, and an exhaust
nozzle. A gas generator system and heat exchanger system will provide
proper drive power for the turbine, thus allowing study of various nuclear
engine cycles. Expansion of the existing instrumentation and improvements
in the altitude pumping system will also be made.

The fecility will require service from a new 50,000 KVA electric
power subistation included in this project.. This improvement in electiric
power service is required because of the increasing demands of existing
and contemplated facilities. In the nuclear rocket program this power
improvement will provide appropriate heating of the engine reflector so
that a wide range of engine start-up dynamics may be investigated. A
138,000 volt transmission line will be constructed by the electric power
utility company and terminated at the new substation. The substation
will incluée automatic voltage regulating transformers, switch gear, con-
trols, metering, and protective equipment to provide 34,500 volt slectric
power for Cistribution to existing and new facilities at the Plum Brook
Station. The existing 34,500 volt distribution system will be modified
to obtain maximum reliability and utilization of the over-all electric
power system.

A sketch of the proposed facllity is shown on the following page.

JUSTIFICATION:

All studies of future space propulsion requirements reveal tae im-
portance of the nuclear rocket. The studies further indicate that the
nuclear rocket must be a highly sophisticated device, capable of opera-
tional flexibility, reliability, and sufficient performance versatility
to adapt to many missions. The engine must be capable of zero-g starts
and restarts, it must be throttleable, able to perform retro or landing
meneuvers, and capable of powering manned vehicles. Relative to these
ultimate objectives, current research facilities, research programs, and
hence our current knowledge of englne design and operation, are in a
very rucimentary state.
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LEWIS RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

NUCLEAR ROCKET DYNAMICS AND CONTROLS FACILITY
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To advance the technology of nuclear propulsion will require con-
siderable research in new and expanded facilities. As far as component
research is coancerned, the Plum Brook rocket systems research facility
and the proposed fiscal year 1963 project for a hydrogen heat transfer
facility will provide capability for the immediate future. The nuclear
rocket engine is, however, & very complex and highly interrelated device
wherein the various influences of one component or process on all of
the others in the engine very strongly dictate both individual component
requirements and the basic design, operation, and performance requirsments
of the total system. Some examples of these overriding and critical re-
search problems are the following:

(a) A primary difficulty lies in the adaptation of the propellant
feed system to the reactor transient and control requirements.
The fluid pumping cycle must be controllable from both a
hydrodynamic and a nuclear standpoint to assure quick, safe
start-up and shut-down transients. 3Several possible turbodrive
cycles (gas generatcr, bleed, and toppi: g) mist be investigated
to establish both the suitability of currently envisaged
systems to present reactor designs, and a rational basis for a
selection of components and pumping systems for future engines.
Reactor designs with and without radiation shields will be
investigated.

(b) The achievement of satisfactory engine start-ups is a partic-
ularly difficult research problem. The transient heat transfer
in the reactor, which couples reactor power witi reactcr flow,
produces appreciable thermal lags that have a surong influence
oa the turbopump and propellant flow acceleration and on the
engine control system. These reactor heat transfer kinetics
must also be related to reactor nucleonics and to the rest of
the system to determine proper gas temperature schedules
during startup.

(¢) Inadvertent injection of liquid hydrogen into the reactor core
can cause an uncontrolled increase in reactor power. Sufficient
heat capacity must therefore exist in the reflector and engine
ccoling passages to assure complete vaporization of the ligquid
hydrogen without instabilities in the flow control. Analyses
cf these complex processes require experimental investigations
cf unsteady and discontinuous boiling of liquid hydrogen in the
several components of the fluid system and under the flow con-
trol of the fliuid system.

(d) Pressurization of liquid by hydrogen gas - a system of consider-
able advantage - imposed many problems of control and stability
o the pressurization system.

(e) TIiture nuclear rockets will probably utilize multiple pump-
i7arbine combinations. Important research problems concerning
ae stability of flow and proportioning of loads upon the
several turbopumps and on thelr controls for safe operation
are thereby introduced.

CF &-E3.



(f) The off-design operation requirements introduced by throttled,
or part load, power outputs force all of the components into
regions of limited performance or unsafe operation depending
upon the mutually interacting flow, heat transfer, energy
input, and energy extraction characteristics of the various
parts of the system.

Most of the above problem areas involve or are closely related to
reactor characteristics, both steady state and in trensient. Tc¢ inves-
tigate the basic nature and to develop solutions for all of these
problems with a complete system that includes a nuclear reactor will,
hovever, be extremely difficult if not impossible. Fortunately, reactor
flow impedance and nuclear kinetics can be simulated by analog repre~-
sentations and the reactor effects adequately reproduced in the flow
and con=rol system by suitable valves and sensors. What is needed is an
improved research facility in which the principal components of a pro=-
pellant delivery system are coupled to simulated reactors and tle many
non-nuclear system and control problems experimentally investigeted with-
out the large cost, hazard, time, and effort involved with a nuclear
enviromment. The facility modifications and improvements of this proposal
will provide this unique and essential research capability.

Thz present electrical service at the Plum Brook Station consists of
two 34,500 volt circuits provided by the electric power utility company.
These two circuits are of limited capacity and are just sufficient to
serve the existing facilities. In the event of difficulty with either
service, or outages for maintenance work, it may be necessary to curtail
operations in parts of the Plum Brook site other than the reactor.

The 1963 construction program proposes two new facilities at the
Plum Brook Station which have large power requirements, a space propul-
sion facility and the nuclear rocket dynamics and controls facility
discussed in this project writeup. It is estimated that these wo pro-
jects will require 10,000 KVA and 20,000 KVA respectively. The existing
electrical services do not have sufficient cepacity to supply tnis ad-
ditional load. The installation of & new 50,000 KVA substation will
provide additional reliability to the power supply for the existing
facilities and will add the necessary capacity for the proposed new faclili-
ties. The new substation will include a reasonable additional capacity
for future loads.

COST ESTIMATE:

Aa II[LN.I)ACQ,UISITION [ EEREXEREENXNEN IR I B I N I BN RIS I I e =
B, SITE DEVELOPMENT AND UTILITY INSTALLATIONS seecvvccvene $960,000
34,500 volt power 1ines ...eevevsvecsnoons $50,000
50,000 KVA substation ........ Cereasasas 710,000
20,000 KVA step-down substatlon ........... 200,000
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C . FACILITY CONSTRUCTION AND MODIFICATIONSO 000c0s0r1 0000000 ==
D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS......... $2,423,000

Hot gas generator system ...cvevievnescnces $234, 000
Aﬂaulog Computer-..-..........-..-.--.-.... 295}000

Steam system v.viviieiievesssosnonsnnses veu 195,000
Instrumentation ........ ceesan cseessenanen 95,000
Electric heater elements ...ccvecavescanss 150,000

Electric heater control system ........... T00,000
Propellant system modificetion and

hydrogen dewar....... Ceeraee Ceeeereaaens 214,000
Nozzle for bleed cycle ..iesesncsens ceeeen 80,000
Hydrogen heat exchanger ....... . ceesens 100,000
Radlation shield and heated reflector v

8SSEMDlY . veveanonneranass N 360,000

B. DESIGN AND ENGINEERING SERVICES:cesecessscssrscesssesess 117,000

Total estimated o8t .veeeee.. s :$3gsoogogg
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LEWIS RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

SPACE PROPULSION FACILITY

DESCRIPTION:

‘The unique capabilities of the proposed space environment
facility will permit the evaluation and development testing of complete
advanced power generation and electric propulsion systems. Startup,
power change and shutdown transients, system control and component
interactions will be determined. The components of these systems will
include a flight-type nuclear reactor, turbo-electric power generation
systems, radiator or condenser with associated heat exchangers, pump-
ing and control equipment, and electro-static or electro-magnetic
rocket engines.

One end of the facility will house an operating nuclear reactor
and will be heavily shielded to protect the adjacent chamber and
surrounding area from radiation. Separating the two areas will be
either a flight-weight shadow shield for control system and transient
investigations or a fully protective shield for endurance studies.
The two chambers will have independent pumping systems to avoid con-
tamination of the large tank in case of failure of any of the radioactive
components,

Integral with the nuclear reactor chamber will be a heavily shielded
maintenance, assembly, and disassembly area which will have provision
to service the power generation unit as well as the reactor. Remotely
operated mechanical hands and tools will be provided for model repair
or complete disassembly and encapsulation following completion of an
investigation. This provision in relation to existing environnental
chambers gives the facility its uniqueness.

The non-nuclear portion of the chamber will be constructed 6of
stainless steel and will be capable of maintaining at least 10 ~ mm
Hg pressure. The walls will be cooled By modular type baffles to
temperatures ranging from 'TOOF. to -320°F. as required. Cryo-pumping
of the electric rocket exhaust will be accomplished with liquid
nitrogen baffles (-3208F.,) and local areas will be cryo-pumped with
gaseous helium to -450°F.

The building to house the facility will be approximately 100 x 350
feet snd will extend about 60 feet above grade level. The building will
contain the space environment chamber, the pumping and power supplies
area, a shop and model assembly area, a control room, and the hot
disassenmbly area. A water cooling tower and nitrogen storage tanks
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will be located adjacent to the facility building. A two-story
office building will be attached to one end of the larger building.
The facility will be located at the Lewis Research Center’s Plum
Brook stetion. 8Sketches and location drawings of the facility are
presented on the following two pages.

The facility design will include the versatility required for
addirg in the future a radiant heat source, made of quartz tubes
and/cr an arc source to simulate the magnitude and spectrum of
solar radiation. Further, capacity for lunar, earth, or other plane-
tary slbedo simulation will alsc be incorporated into the design. 1In
conjurniction with the mocdular baffles, such an installation would permit
the simultaneous study of extremes of hot and cold on two sides of the
vehicle in space.

JUSTIFICATION:

This nation's advanced propulsion and power generation units
currently under construction or in the design stage must be capable
of executing complex modes of operation with assurance of complete
reliability after exposure tc space environment for extended periods
of time. The proposed facility will be unigue in that it will be
capable of investigating a complete operating nuclear system. The
Tacility is essential to the successful accomplishment of advaaced
space programs. It will: (1) reduce the time required for development
and evaluation to & small fraction of that reguired by flight testing
alone; (2) allow direct observation of the operating system and enable
more dstailed measurements to be made compared to a flight program;
and (3) greatly enhance the delineation and solution of problem areas
for the wvarious components of the system from both performence and
reliability sspects. To illustrate, the Snap-8 power generation
system cannot be successfully developed by flight testing alone. The
components of this system, the nuclear reactor heat source, the primary
and secondary heat transfer loops, the lignid metal pumps, the ligquid
metal turbine, and the condensing radiator must all operate compatibly
in a space environment not only during steady state conditions but
during all the transient operations each component performs dwring
systen startup. A malfunction of any of the sequence of operations
involved in each component during startup negates a whole flight test.
As has been demonstrated repeatedly in past project development
programs, ground-based facilities are essential; the cost saved. in
time and money by eliminating a single failure in the flight program
may more than repay the cost of the entire facility.

K though the various components, such as the nuclear reactor,
boiler,  radiator, and accelerator, which make up a complete operating
nuclesar system will be investigated as components, no other facility
will be capable of investigating the interactions of the various com-
ponents on each other. These interactions can seriocusly affect the
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SPACE SIMULATION
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LEWIS RESEARCH CENTER
FISCAL YEAR 1963 ESTIMATES

SPACE PROPULSION FACILITY
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system performance, dynamic control characteristics and operational
startup and shutdown procedures. For example, the dynamic cheracter-
istics of the reactor startup (which mey have to be accomplished

in flight for the actual vehicle) must be matched to the intrcduction,
pumping, and control of the liquid metal heat tramsfer working fluid.
The primary fluid in turn affects the heat exchanger and the method
and control of startup of the secondary loop liquid metal fluid.
Power level changes or shutdown transients affect all components %o
degrees that can only be crudely estimated until the actual operation.

The facility must be available to accomplish the development of
both the Snap-8 power generation system and the electric propulsion
system based on this unit. Construction of the proposed facility
should therefore be started early in the fiscal year 1963. Ergineering
and design funds for those portions of the facility which must be
plamed first have therefore been allocated in the fiscal year 1962.

During and after completion of the development of propulsion
systems on the Snap-8 level, the proposed facility will be used for
more advanced systems, at ion beam power levels greater than the -
Snap-3 capabilities, and for work on major components of the more
powerful systems that will be needed for manned interplanetary
vehicles.

COST ESTIMATE:

Ao ].dm) ACQUISITIONcooool...;o...u..uou..q-ooolocln.n.cuo ——
B. SITE DEVELOPMENT AND UTILITY INSTALLATIONS..:essessss $2,027,000

Site developmentocecscsssessovacassssss: $761,000
New roads and repair of
existing roadScecceesesso $401,000
Railroad spur %0 Sit€cceess 75,000
Drainage, open and
undergroundescoecessevsess 211,000
Demolition, cleanup,
grading and £illing..eeo. 65,000
Walks and landscapingoecece 9,000

Electrical installationS..eeeecscccsses 800,000
34,500-volt power supply... 110,000
Step~down substationessiee. T0,000
Low-voltage transformers,
switch-~gear, and power
distributioneeccssescenes 520,000
Control and metering
SystemSeoeeasoosonsanscans 20,000
Telephone and commnica-
tion systemSeessocscsacse 80,000
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Water, sewer, and gas
irlst;auations.‘o...ll......ll.l."'l.. $)+20,000
Water tOWerececsosscscnscne 125,000

Water lineSeccoecsvssascsses 75,000
G'as lines....b...‘......... 65,0&
'sewers.o...............?.... 155,000

Steam distribution systeMeeececcceccsces 46,000

FACILITY CORSTRUCTION AND MODIFICATIONS.ccececocccses

Space propulsion facility (main
sr't;rtlctue)ooa-ooeooooooooooooooooooo-o 5,563,000
Meintenance, assembly, and

disassembly aree; 210

feet by 100 feet(2Ll,000

square feet at $190 per

square £oot)eeessessseses 3,990,000
Operations and shop area;

110 feet by 260 feet

(28,600 square feet at

$55 per square foot)..... 1,573,000

Nuclear shield and load supportSeecsesee 900,000

Office and control Huildingecsecscsscases 530,000

Office area; 30 feet by

200 feet; 2 stories

plus half basementeeceeecee

(15,000 square feet at

$22 per square £00t)eess. 330,000
Control area; 50 feet by

50 feet; 1 floor plus

basement... (5,000

square feet at $40

rer square OOt }ieeseeses 200,000

Security and monitor building; 4O feet
by 50 feet; one floor...(2,000
square feet at $18 per square foot). 36,000

Heating plant.ecccososcscsccossccsnscs 80,000
Building; 40 feet by 4O feet...
(1,600 square feet at
$15 per square £00t).es. 2k, 000
BOilerSeeeccssssascccsass 56,000

7,109,000

CF8-F6



D. EQUIPMENT, INSTRUMENTATION, AND SUPPORT SYSTEMS...... $14,239,000

Cryogenic and other cooling systems.... $k,370,000

Electric engine propellant

condensing system :

utilizing liquid nitrogen

.. . (Approximately 80,000

square feet at $29 per

square f0Ot)esscssesees 2,320,000
Ion engine water cooled

target system, includ-

ing water tower...eoeee. 600,000
Heat rejection system

for Snap-type

CONAENSErecssssscascsne 700,000
Space temperature

environment system

for payloadSessscconcss 750,000

Vecvam tahKSeeseesececcccscosscccsccscen ll',OO0,000

Space simulation chauber;

50 feet in diameter by

150 feet long...(830

tons at $l4,200 per ton) 3,500,000
Special hatches, flanges,

and vacuum pump

NOZZ1EBsresssnconsassnse 260,000
Chamber for reactor and

power conversion unit;

18 feet in diameter

and 22 feet long...

(60 tons at $u,000

PET tON)eeasessssacsnss 240, 000

Pumping SYStemSB..eeeesscscssasssscccces 2,400,000
Cryogenic pumps, controls,
piping, and filters for
re8ctor 8re8.cessecssss 1,100,000
Cryogenic pumps for
electric engine
exhaust, nonnuclear
BYEBesscssssssssssssens 800,000
Helium pUmMPS.esoeccscscses 500,000

Tnstrumentation and controlB.essesessss 1,400,000
Dats acquisition

instrumentation ceesess 500,000
ontrol systems and

PrOZIalIETS e coseasovsss 600,000
Consoles, recorders,

and digitizers.ececececes 300,000
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Wate:r treatment SyS‘bem. LI N R I I $’+75, 000
Safety and radioactivity monitoring

equipment...................-..'.....-- 169,000
Cra.nes..................;....o......... 175,500
Special foundations for equipment.scse. 150,000
Decontamination equipmenteccescccsccess 33,500
Mechanized entry doOrS.seceessscccecccss 300,000
Slavemasters and manipulatorSeecesceccess 616,000
Special tools for shop in hot area..... 150,000

E. DESIGN AND ENGINEERING SERVICES:.cccccescossscescecce $2,l25,000

(An edditional $175,000 has been allocated
from fiscal year 1962 funds)

Total estimated coBt.cescncesscasens 25,500, 000
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