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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

RESEARCH AND DEVELOPMENT

GENERAL STATEMENT

The progrran of research and development and supporting activities of the
National Aeronautics and Space Administration is directed toward maintaining
the United States in a position of world leadership in aeronautics and space.
The major program elements designed to achieve this objective are:

MANNED S$PACE FLIGHT: Extended duration and rendezvous flights in
earth orbir, and lunar landing and return.

SPACE SCILENCE AND APPLICATIONS: A broad program of scientific
study of the Earth, Moon, Sun, planets, stars and interplanetary
space, aad the development of technology pertinent to applied
uses such as meteorological and communication satellites.

ADVANCED RESEARCH AND TECHNOLOGY: An effort required to provide
the technological base for the future aeronautics and space
programs.

TRACKING AND DATA ACQUISITION: A function pertinent to the
support of the extensive NASA space flight program.

MANNED SPACE FL.IGHT

A major part of the amount requested for FY 1966 will be applied to the
manned space flight program. The broad objectives of this program which re-
main unchanged are: to increase and broaden our capability to suppori men in
space and provide them with a space operation's capability for scientific and
technological purposes., Toward this end there are projects Gemini and
Apollo, as well as studies and supporting development needed for advanced
manned flight missions. Gemini will furnish information on the cperaiion of
two men in space for periods of up to two weeks; and will provide for the
development of space navigation, guidance, rendezvous and docking techniques,
The objectives of Apollo are developing hardware, operatiomnal, and support
systems to provide a broad national capability for a program of space
exploration. This program has as a specific goal, in this decade, of achieving
manned flight to the moon, lunar landing, limited lunar exploration and the
safe return of the men to Earth, The advanced flight mission activity pro-
vides information and supporting developments pertinent to the extension of
the current manned flight programs.

In FY 1966 the Gemini program will move into its long duration manned
flight phase and the initial rendezvous flight will be undertaken. This
activity will be of direct significance to Apollo. The Apollo program will
be involved in extensive ground test activity in preparation for the first
flight tests of the command and service modules with the Saturn IB launch
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vehicle, which will take place in FY 1966, and in preparations for later
flight tests of the Saturn V launch vehicle. 1In the area of advanced flight
missions particular attention will be given to design studies and advanced
component development to extend the usefulness of the Apollo spacecraft.

SPACE SCIENCE_AND APPLICATIONS

A significant part of the budget requested for FY 1966 will support the
space science and applications program. The objectives of the science part
of the program are scientific studies of the Earth, space about the Earth, the
Moon, the plarnets and interplanetary space, This program encompasses the
following types of flight projects: Geophysical satellites, earth orbiting
solar and astronomical observatories, soft landing lunar probes, lunar orbit-
ing satellites, probes to the planet Mars and probes into interplanetary
gspace, The biosatellite program, directed toward the study of the effects of
space envirorment on biological systems, will be continued. In the area of
applications, projects TIROS and Nimbus continue to reflect NASA support for
the on-going operational weather satellite development for the Weather Bureau;
in addition, the program provides for the technology required for future
operational svstems, Effort will also continue in the development of the
Applications Technology Satellite, which will provide information required for
the design and development of future communications, meteorological arnd
scientific satellite systems,

ADVANCED RESEARCH AND TECHNOLOGY

The advaaced research and technology effort constitutes a continuing
overall program to support the current aeronautics and space programs and to
assure the scientific and engineering bases for undertaking future programs.
The major portion of this work, which looks beyond the present programs, is
to develop new knowledge and technological advancements applicable to missions
of the future. This program includes effort in the fields of spacecraft and
launch vehicle technology, human factors, electronics, chemical and nuclear
propulsion, space power systems and aeronautics including supersonic trans-
port research.

TRACKING AND DATA ACGULSITION

A world-wide network of tracking and data acquisition statioms is
essential to support the broad space flight program of the agency. The
tracking and data acquisition effort during FY 1966, as in prior years, will
be directed to support the planned flight programs and provide, where nec-
essary, increased tracking and data acquisition capability. Particular
attention will be given to the support of the Apollo manned space flight
program and to the large observatory class of unmanned satellites in the
space science program,
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TECHNOLOGY UTILIZATION

The technology utilization program provides for the identification,
evaluaticn and dissemination to the industrial community, technical informa-
tion gained from the various programs for which there are potential industrial
and commercial applications. Included in the program are efforts to develop
better methods for management of large-scale research and development programs,
to improve our understanding of matters related to the growth of science and
technology programs, and to the transfer of technological advances and innova-
tions developed in the NASA program to industry at large,

FINANCING

- The FY 1966 budget to support the research and development program, dis-
cussed in detail in this volume, is $4,575,900,000. This compares tc a program
totaling $4,268,632,000 for FY 1965.

The program amounts shown for FY 1964 and FY 1965 in this budget reflect
two significant adjustments in comparison to the amounts appropriated for
these two fiscal years, These are: 1 - Certain support services (principally
housekeeping) are now included in the budget for the "Administrative
Operations' appropriation; and 2 - Of the FY 1965 appropriation, $72,494,000
has been applied to the FY 1964 Apollo program.

Expenditures for the current fiscal year are estimated at $3,78%,000,000
and $4,120,000,000 for FY 1966. '
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

CONSTRUCTION OF FACILITIES

. GENERAL STATEMENT

This appropriation provides for the design, construction, purchase of
equipment, modernization of facilities, and for advanced design of facilities
planned for future authorization. The major program elements may be summarized
as follows:

MANNED SPACE FLIGHT: These projects will support the Apollo space-
craft and Saturn launch vehicle development and test efforts.
Specifi:z items included will provide for needed astronaut training
facilities, engineering work areas and augmentation of support
facilities.

SCIENTIFIC INVESTIGATIONS IN SPACE: Projects in this category will
support activities in space science. They will provide for needed
improvements in the testing of spacecraft and experiments carried

as spacacraft payloads for the unmanned lunar and planetary exp.ora-
tion program, for improvements in other facilities for unmanned
spacecraft missions and for necessary improvements to launch area
facilities for the medium class and small launch vehicles,

ADVANCED RESEARCH AND TECHNOLOGY: These estimates cover projects
for research, laboratory and supporting facilities for the
Electronics Research Center, and for contractor technical facilities
used in research pertinent to large advanced liquid-fueled engine
systems.

AIRCRAFT TECHNOLOGY AND SUPPORTING OPERATIONS: Estimates for these
projects include facilities to support the V/STOL and advanced air-
craft programs and facilities for tracking and data acquisition.

The appropriation for FY 1965 was $262,880,500. The same amount was
authorized for 1965. $74,700,000 is requested for FY 1966; a decrease of
$188,180,500 from the 1965 appropriation., Total expenditures for construc-
tion of facilities are estimated to be $406,000,000 in FY 1966, a decrease of
$118,000,000 from the $524,000,000 estimated for FY 1965.

The bucget request contains $78,000 to provide fall-out shelters for
selected new facilities, The amount has been determined in consultation
with the Department of Defense based on DOD policy and criteria.

The fcrmat for reflecting fall-out shelters in each of the projects in
the budget recquest varies., The reason is to distinguish among those
facilities in which provision for fall-out protection is either inherent in
the structure, provision is required, or, because of prohibitive costs and
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hazardous areas provision for fall-out protection would not be desirable.

This volume contains material in support of the requested authorization
and appropriation for FY 1966,
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

ADMINISTRATIVE OPERATIONS

GENERAL STATEMENT

The Adninistrative Operations appropriation provides for personnel,
travel, and other supporting expenses of NASA installations including
Headquarters engaged in the conduct of Research and Development programs.
These installations are institutionally administered by the Asscciate
Administrator who has prime responsibility for the R&D programs conducted
at each installation. The Associate Administrator for Manned Space Flight
is responsible for the Kennedy Space Center, Manned Spacecraft Center, and
the Marshall Space Flight Center. Goddard Space Flight Center, the Pacific
Launch Qperations Office, and Wallops Station are under the institutional
cognizance of the Associate Administrator for Space Science and Applications.
The Associate Administrator for Advanced Research and Technology is in-
stitutionally responsible for the Ames Research Center, the Electronics
Research Ceater, the Flight Research Center, Langley Research Center, the
Lewis Research Center, and the Space Nuclear Propulsion Office. Healquarters
reports dirzsctly to the Associate Administrator, and the Western Operations
Office repcrts to the Deputy Associate Administrator for Industry Affairs.
Installation descriptions and funding requirements are grouped in this vclume
in accordance with the prime missions of the installations.

Manpower

With the exception of an increase of 300 positions for the Electronics
Research Center, there is no planned increase in manpower at other NASA
installations during FY 1966. The following tabulations indicate the dis-
tribution of NASA personnel by program and the numbers of personnel by center:

Personnel Distribution

1964 1965 1966
Direct Perscnrel by Program
Manned Spece Flight
Gemini...oveerierenrereneassnas 1,141 1,402 1,385
Apollo. . vt ii i e 8,266 8,835 8,857
Advanced missions............. 343 343 _343
9,750 10,580 10,585
Space Science and Applications
Physics and astronomy......... 1,234 1,292 1,297
Lunar znd planetary exploration. 296 388 382
Sustain:ng university program.. 68 73 73
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Space Science and Applications (cont'd)

Launch vehicle development...........
Launch vehicle procurement...........

BioscienCa.e .o iveseieeseererasoaosonnss ’

Meteorological satellites......oees..
Communication satellites.......vveu.
Applications technclogy satellites...

Advanced Research and Technology

Basic regseaxch............. .
Space vehicle systems ...,...........
Electronics systems.........cocvvueen..
Human fac:oir systems........eeveee.an
Nuclear-electric systems.............
Nuclear rocketsS...oouvveneiernnnnasas
Chemical propulsion...... . vevevineaes
Solar and chemical power.........c...
Aeronautics....vuvrenens b e

Tracking and Data Acquisition «e«cceeens

Technology Jtilization,.ceevcvveeorees

Sub-total, direct positions........

Support Personnel

Director and staff............ccvevv.n.
Administration.........ccveiiiiieeienens
Research and development support......
NASA-wide sUPPOTL. .. et v e ennoons

Sub~teotal. support positions.........
Total, permanent positions.............

Sub-tctal, other positions...........

Total, all positionsg......ivivuvvveennns

1964

340
324

20,563

472
4,411
5,499

1,039

11,621

31,984

515

32,499

1965 19¢€6
317 314
346 334
236 239
312 206

76 65
103 113

3,143 3,123

1,259 1,266

1,366 1,324

1,040 1,325
211 219
490 489
524 324
409 309
318 319

1,467 1,500

7,084 7.375
802 300

50 50

21,659 21,933
537 540

4,432 4,439

5,521 5,333

1,051 1,355

11,541 11,567

33, 200 33, 500
600 500

33,800 34,100
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Personnel Requirements

1964 1965 1966
Manned Space Flizht
Kennedy Space Center......... - 1,592 2,045 2,045
Manned Spacecraft Center........ 4,171 4,686 4,686
Marshall Space Flight Center,... 7.502 7,489 7,489
: 13,265 14,220 14,220
Space Science and Applications "
Goddard Space Flight Center. 3,610 3,677 3,677
Pacific Lauach Operations Offlce 22 19 19
Wallops Station...eeecsneaconns 516 518 518
4,148 4,214 4,214
Advanced Research and Technology
Ames Research Center............ 2,201 2,185 2,185
Electronics Research Center..... 25 250 550
Flight Research Center....... ‘e 605 605 605
Langley Reszarch Center......... 4,279 4,238 4,258
Lewis Research Center........... 4,851 4,815 4,815
Space Nuclear Propulsion Office. 112 116 116
12,073 12,209 12,509
Supporting Activities
Headquarters, NASA........... e 2,091 2,156 2,156
North Eastern Operations Offlce. 32 -0 - - 0 -
Western Operations Office....... 375 401 401
2,498 2,557 2,557
Permanent positions...... oo 31,984 33,200 33,5C0
Positions, other than
permanent....... ceee s an e 515 600 6C0
TOTAL....vs.. cesecenn cevans ceeseas 32,499 33,800 34,100
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Funding

The FY 1966 funding request for Administrative Operations is $36.3
million less than the FY 1965 estimate. This decrease is primarily due
to the initial procurement of major automatic data processing equipment
in FY 1965, where the procurement of such equipment was more economical
than continued rental. The estimate in FY 1966 for the procurement of
additional equipment is sharply reduced from FY 1965. The object classi-
fication description of resources requested is tabulated below:

ANALYSIS OF RESOURCES REQUIREMENTS BY OBJECT CLASSIFICATION

(Thousands of Dollars}

1964 1965 1966
11. Personnel compensation.......... “es 288,081 336,696 345,207
12. Personnel benefits......... e 20,241 23,490 24,193
21. Travel aad transportation of persons 18,536 21,000 21,000
22, Trausportation of things........... 5,400 5,675 5,049
23. Rents, communicationsand utilities. 47,230 53,191 49,556
24, Printing aad reproduction.......... 4,387 4,683 4,869
25, Other services..... e s e mee et 70,952 93,037 108,023
26. Supplies and materials...... e 24,203 22,968 23,140
31, Equipment.......ceceveee.. feeerieeea 22,236 79,152 23,109
32, Lands and structures......ceeeeee.. 10,339 5,811 5,235
40. Insurance claims and indemnities... 5 18 19
Total.evviveiverennnen. e 511,610 645,721. 609,400

Of the $645.7 million shown for FY 1965, $22.5 million is included as
the comparative cost of items formerly provided from the Research and
Developmernt appropriation and which are being budgeted as part of the
Administrative Operations request for the first time in FY 1966, 1In FY 1966,
$24.8 million is requested for these items which are: housekeeping support of
the Merritt Island Launch Area at the Kennedy Space Center, NASA, and at the
White Sands Miscsile Range; the cost at the Jet Propulsion Laboratory of the
lease of admiristrative aircraft and certain contract administration costs.

Personnel Compensation and Benefits

The cost of providing for personnel compensation and benefits 1is
estimated to be $9.2 million more in FY 1966 than in FY 1965. This increased
cost is directly related to the increase of 704 manyears of employment, in
FY 1966 over I'Y 1965. Of this increase, 544 manyears are due to the cost ¢f
the full year for the 1,300 increase in NASA's strength in FY 1965. The
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balance, or 150 manyears, is the manyears derived from the 300 additional
positions plaaned for the Electronics Research Center in FY 1966.

Other Costs

The FY 1966 request for travel and other supporting expenses shows a net
reduction of $45.5 million from the FY 1965 estimate. This net reduction
includes a decrease of approximately $56 million in the procurement of ADP
equipment, which is only partially offset by increases in utilities,
other services, and supplies and materials. 1In general, these increases
are the result of additional facilities being completed and becoming
operational, a higher level of average employment, and the partial restora-
tion in FY 1966 of items which were deferred in FY 1965 when NASA absorbed
the cost of the "Government Employees Salary Reform Act of 1964", approved
in August 1964 (PL 88-426). The specific increases as they relate to each
installation are explained in the installation presentations contained in
this volume.
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MATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1966 ESTIMATES

SUMMARY OF RESEARCH AND DEVELOPMENT BUDGET PLAN

AS RECONCILED TO FINANCING SCHEDULE

1964 1965 1566
Budget Activity:
1. Manned Space Flight:
(a) Gemini....... sanae $418,900,000 $308,400,000 $242,100,000
(b) Apollo...veiuinnnn 2,272,952,000 2,606,778,000 2,997,385,000
(¢) 4dvanced mission
studies......... 21,200,000 26,000,000 10,€00,000
2, Scientirfic Investigations
in Space:
(a) Physics and
astronomy....... 189,118,000 182,546,000 224,500,000
(b) Lunar and planetary
exploration..... 267,445,000 281,803,000 294,515,000
(c) B:ioscience.,,...... 21,479,000 37,700,000 40,600,000
(d) Launch vehicle
development..... 125,100,000 107,900,000 97,500,000
3. Space Applications...... 100,451,000 73,165,000 94,600,000
4, Space Technology........ 298,692,000 283,600,000 235,500,000
5. Aircraft Technology..... 21,795,000 35,240,000 42,200,000
6. Supporting Activities:
(a) Tracking and data
acquisition..... 194,347,000 274,750,000 246,200,000
(b) Sustaining
university
Program,....e... 40,000,000 46,000,000 46,000,000
(c¢) Technology
utzilization..... 3,500,000 4,750,000 5,000,000
Total Budget Plan,..., $3,974,979,000 $4,268,632,000 $4,575,900,000

Fiscal Year

Fiscal Year

Fiscal Year
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MNATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1966 ESTIMATES

SUMMARY OF RESEARCH AND DEVELOPMENT BUDGET PLAN
AS RECONCILED TO FINANCING SCHEDULE

Fiscal Year Fiscal Year Fiscal Year
1964 1965 _ ___ 1966 _
Financing:
Appropriation........ ceees.. $93,926,000,000 $4,363,594,000 $4,575,900,000

Transferred to-
"Construction of
facilities" (77 Stat,
439)..... ceressecrtsecnas -20,046,300 - -
"Administrative
Operations'" (77 Stat,
7% 1° 3 ceves -15,685,000 ——— -

Appropriation
(adjusted).......... 3,890,268,700 4,363,594,000 4,575,900,000

Transferred to '"Construction

of facilirties" in FY 1965 -1,411,000 -- -
Prior year funding applied -

available from adjustments

to FY 1963 budget plan.... 2,785,300 - -—--
Transfers from prior years

"Construction of

facilities'" funds....... 17,293,000 - -
Reprograming to prior year
budget plan,,..eeeveaacaes 72,494,000 -72,494,000 ---
Comparative rtransfer to
"Administrative Operations' -6,451,000 -22,468,000 -

Total financing of

budget: plan........... 4,979,000 $4,268,632.000 34 900,000
ot

SUM 2



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1966 ESTIMATES

RESEARCH AND DEVELOPMENT

BUDGET PLAN BY PROGRAM BY COGNIZANT OFFICE

BUDGET
ACTIVITY

la
1b
lc

2a
2b

6b

MANNED SPACE FLIGHT..

GeMINl,, e eeeenneenas

Apolio. .. iiiiienven '

Advanced mission
studies....e.cvueen .

SPACE_GCIENCE AND
APPLICATIONS..........

Physics and astronomy,
Lunar and planetary
exp.oration.........
Sustéi.ning university
PEOETAM . v v v v e st v nn .
Launch vehicle
development..... oo
Launch vehicle

Metecrological
satellites..........

Commurniications
satellites......... }

Applications technolog
satellites..........

ADVANCED KESEARCH AND
TECHNOLOGY o v v v v v vvnnn

Basic research........
Space vehicle systems,
Electromnic systems....
Kuman factor systems,.
Nucleer-electric
systems.....oovavs. .
Nuclear-rockets...... .
Chemical propulsion...

FY 1964

FY 1965

Y 1966

ess $2,713,052,000 $2.941,178,000

$3,249. 485 000

418,900,000 308,400,000 242,100,000
2,272,952,000 2,606,778,000  2,997,385,000
21,200,000 26,000,000 10,000,000
$746,879,000  $731,486,000 $797,515.000
148,623,000 136,814,000 172,100,000
205,762,000 206,150,000 215,615,000
40,000,000 46,000,000 46,000,000
111,900,000 96,500,000 63,600,000
129,986,000 154,672,000 194,500,000
21,479,000 28,700,000 31,500,000
63,177,000 . 31,200,000 42,700,000
8,413,000 8,055,000 2,800,000
17,539,000 23,395,000 28,700,000
$317,201,000 $316,468,000 277,700,000
22,653,000 21,231,000 22,000,000
45,714,000 44,495,000 35,000,000
28,700,000 25,422,000 34,400,000
13,200,000 13,320,000 14,900,000
45,963,000 42,492,000 27,000,600
79,176,000 56,731,000 58,000,000
46,000,000 63,792,000 30,000,000
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BUDGET
ACTIVITY FY 1964 FY 1965 FY 1966

ADVANCED RESEARCH AND
TECHNOLOGY (Cont'd)..

4 Solar and chemical
POWEL ¢ vt ecnnannnns $14,000,000 $13,745,000 $14,200,000
5 Aeronautics.,........ 21,795,000 35,240,000 42,200,000
6a TRACKING AND DATA
ACQUISITION......... . $194,347,000 $274,750,000 $246, 200,000
6c TECHNOLOGY UTILIZATION. 3,500,000 $4.750,000 $5,000,000
TOTAL PIAN .......c.... §3!974!979!OOO §4!268!6323000 §4!575£900!000

Funds for the procurement of launch vehicles are statistically distributed

to unmanned flight programs (e.g. Physics and Astronomy, Space Vehicle
Systems).

762-047 O - 65 - 3 SIJM 4
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Sum 4) No.

762-047 O - 65 (Fols.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1966 ESTIMATES
DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR

(In thousands of dollars)

J, F. KENNEDY MANNED MARSHALL GODDARD PACIFIC LAUNCH AMES ELECTRONICS FLIGHT LANGLEY LEWIS SPACE NUCLEAR WESTERN
PROGRAM OFFICE TOT AL SPACE CENTER,  SPACECRAFT SPACE FLIGHT SPACE FLIGHT OPERATIONS WALLOPS RESE ARCH RESEARCH RESEARCH RESE ARCH RESEARCH PROPULSI ON HEADQUARTERS CPERATIONS
NASA CENTER CENTER CENTER GFFICE STATION CENTER CENTER CENTER CENTER CENTER OFFICE OFFICE
Office of Manned Space Flight
1964ecesecesconvsnsnns 2,713,052 49,881 1,356,036 1,266,424 208 - - 75 - - 2,017 2,975 - 35,091 347
1500 eescceanecnssaans 2,941,178 48,622 1,397,050 1,437,356 275 - - 75 - - 2,900 600 - 54,100 200
1966.cuiveanccscsccnaes 3,249,485 69,345 1,465,040 1,656,600 500 - -~ 200 - - 3,700 300 - 53,550 250
Office of Space Science and
Applications
1964.cececesrececocsns 746,879 1,819 3,256 780 235,148 - - 25,843 - 44 35,168 197,522 - 87,202 160,097
1965400cscrennsnseascss 731,486 4,808 7,254 675 183,408 90 1,390 35,085 - 85 59,806 197,323 - 108,994 132,568
1966cc0asscaccensancns 797,515 4,225 17,800 13,440 227,712 - 4,500 28,305 - 100 51,860 196,730 - 105,375 147,468
Office of Advanced Research and
Technology
196bcceaceassoansoanss 317,201 - 3,702 31,821 8,252 - - 14,404 - 8,447 38,741 99,759 60,355 25,026 26,694
1965.c0cevesccsscnccne 316,468 - 1,750 28,511 8,127 - - 17,724 1,873 9,190 32,548 115,825 44,995 34,322 21,603
1966ccsnccssscsvsccnns 277,700 - 3,235 18,035 9,300 - - 16,945 5,200 16,530 42,776 61,595 48,900 33,638 21,546
Office of Tracking and Data
Acgquisition
19640 eeusecencencccnns 194,347 - - 2,900 132,817 - 5,100 - - 1,800 2,450 - - 7,210 42,070
1965, ccccscvcosccssoes 274,750 - - 2,000 195,201 - 5,450 - - 2,200 2,200 - - 7,900 59,799
19666 0acocsessnscncsna 246,200 - - 1,500 173,400 - 5,900 - - 2,000 2,500 - - 7,900 53,000
Office of Technology Utilization
and Policy Planning
1964,csescanccsnsescre 3,500 - - - - - - - - - - - - 3,500 -
1965.ccescesveccsncene 4,750 - - - - - - - - - - - - 4,750 -
1966.000seanccnnssanes 5,000 - - - - - - - - - - - - 5,000 -
Total Budget Plan
1964 .eeessenccsncarase 3,974,979 51,700 1,362,994 1,301,925 376,423 - 5,100 40,322 - 10, 291 78,376 300,256 60,355 158,029 229,208
1965, 0cccsscscocassens 4,268,632 53,430 1,406,054 1,468,542 387,011 90 6,840 52,884 1,873 11,475 97,454 313,748 44,995 210,066 214,170
1966.0cceveceercnencans 4,575,900 73,570 1,486,075 1,689,575 410,912 - 10,400 45,450 5,200 18,630 100,836 258,625 48,900 205,463 222,264
SUM 5
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NATTONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1966 ESTIMATES

DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR

(In thousands of dollars)

J. F, KENNEDY MANKED MARSHALL GCDDARD PACIFIC LAUNCH AMES ELECTRONICS FLIGHT LANGLEY LEWIS SPACE NUCLEAR WESTERN

PROGRAM TOTAL SPACE CENTER, SFACECRAFT SPACE FLIGHT SPACE FLIGHT OFERATIONS WALLOFS RESEARCH RESEARCH RESEARCH RESEARCH RESEARCH PROPULS I ON HEADQUARTERS OPEPATIONS/
NASA CENTER CENTER CENTER GFFICE §TATION CERTER CENTER SENTER CEINTLR CENTER OFFtte UFFICE =
OFFICE OF MANNED SPACE 1964 2,713,052 49,881 1,356,036 1,266,424 06 - - 7s - 2,017 2.975 - 35, no1 L7
FLIGHT, IUTAL 1965 2.941,178 L8 A22 1,207,050 1,437,25¢ 275 - - /5 - - 2,900 600 - 54,100 200
1966 3,249,485 69,345 1,465,040 1,656,600 _ 500 - - 200 - 3,760 300 - 53,550 250
Gemini 1964 418,900 - 418,900 - - - - - - - - - - - -
1965 308,400 - 308,050 - - - - - - - - - - 350 -
1966 242,100 - 241,700 - - - - - - - - - - 400 -
Apollo 1964 2,272,952 49,481 933,486 1,257,179 206 - - 75 - - - 2,975 - 29,293 257
1965 2,606,778 48,172 1,080,800 1,429,406 275 - - 75 - - 1,200 600 - 46,050 200
1966 2,997,385 68,945 1,221,940 1,651,300 500 - - 200 - - 2,000 300 - 51,950 250
Advanced mission studies 1964 21,200 400 3,650 9,245 - - - - - - 2,017 - - 5,798 90
1965 26,000 450 8,200 7,950 - - - - - - 1,700 - - 7,700 -
1966 10,000 400 1,400 5,300 - - - - - - 1,700 - . - 1,200 -
OFFICE OF SPACE SCIENCE 1964 746,879 1,819 3,256 780 235,148 - - 25,843 - 44 35,168 197,522 - 87,202 160,097
AND APPLICATIONS, TOTAL 1965 731,486 4,808 7,254 675 183,408 90 1,390 35,085 - 85 59,806 197,323 - 108,994 132,568
1966 797,515 4,225 17,800 13,440 227,712 - 4,500 28,305 - 100 51,860 196,730 - 105,375 147,468
Physics and astronomy 1964 148,623 - 1,020 195 123,753 - - 605 - 44 2,333 150 - 20,047 476
1965 136,814 - 2,300 20 107,473 - 1,390 1,764 - 85 2,280 - - 21,168 334
1966 172,100 - 2,600 20 133,585 - 4,500 2,255 - 100 1,730 - - 26,660 650
Lunar and planetary 1964 205,762 - 1,867 505 1,084 - - 15,382 - - 20,146 - - 9,521 157,257
exploration 1965 206,150 - 4,429 535 1,111 - - 16,054 - - 43,050 - - 10,667 130,304
1966 215,615 - 14,000 300 900 - - 8,600 - - 37,300 - - 9,500 145,015
Sustaining university 1964 40,000 - - - - - - - - - - - - 39,940 60
program 1965 46,000 - - - - - - - - - - - - 45,965 35
1966 46,000 - - - - - - - - - - - - 45,965 35
Launch vehicle development 1964 111,900 983 - - 250 - - - - - 15 109,497 - ,05 -
1965 96,500 1,783 - - 925 - - - - - 650 1,317 - 1,825 -
1966 63, 600 1,050 - 13,000 550 - - - - - 00 47,600 - 1,100 -
Launch vehicle procurement 1964 129,986 836 - - 23,326 - - - - - 11,930 87,875 - 6,019 -
1965 154,672 3,025 - - 19,960 90 - - - - 13,106 106,006 - 12,485 -

1966 194,500 3,175 - - 23,025 - - - - - 11,700 149,130 - 7,470
Bioscience 1964 21,479 - 234 - 250 - - 9,856 - - - - - 9,896 1,243
1965 28,700 - 475 - 250 - - 17,267 - - - - - 9,209 1,499
1966 31,500 - 1,000 - 250 - - 17,450 - - - - - 11,550 1,250
Meteorological satellites 1964 63,177 - 135 80 , 34 - - - - - (224 - - 177 -
1565 31,200 - 50 129 25,575 - - - - - 420 - - 1,035 -
1966 42,700 - 200 120 7 - - - 330 - - 2,130 -
Communication satellites 1964 8,413 - - - 7,661 - - - - - 200 - - 552 -
1965 8,055 - - - 1,415 - - - - - 300 - - 6,340 -
1966 2,800 - - - 1,500 - - - - - 300 - - 1,000 -
Applications technology 1964 17,532 - - - 16,478 - - - - - - - - - 1,061
satellites 1965 23,395 - - - 22,699 - - - - - - - - 300 396
1966 28,700 - - - 28,182 - - - - - - - - - 518
SUM 6
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762-047 O - 65 (Fols,

DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1966 ESTIMATES

(In thousands of dollars)

J. F. KENNEDY MANNED MARSHALL GODDARD PACIFIC LAUNCH AMES ELECTRONICS FLIGHT LANGLEY LEWIS SPACE NUCLEAR WESTERN

PROGRAM TOTAL SFACE CENTER, SPACECRAFT SPACE FLIGHT SPACE FLIGHT OPERATIONS WALLOPS RESEARCH RESEARCH RESEARCH RESEARCH RESEARCH PROPULSEON HEADQUARTERS OPERATIONS
NASA CENTER CENTER CENTER OFFICE STATION CENTER CENTER CENTER CENTER CENTER CFFICE OFFICE =
OFFICE OF ADVANCED RESEARCH 1964 317,201 - 3,70 31,821 8,252 - - 14,404 - 8.447 38,741 L5 A0, 355 25,02¢ 26,604
AND TECHNCLCGY, TCTAL 1565 316,468 - 1,750 28.511 8.12/ - - 17,724 1,872 2,120 32,548 115,825 44,995 34,322 21,603
966 277,700 - 3,23 18,035 9,300 - - 16,945 200 16,530 42,776 61,59 48.900 33,638 21,546
Basic Research 1964 22,653 - - 986 235 - - 1,692 - - 1,466 3,464 - 7,831 6,979
1965 21,231 - - 916 257 - - 1,881 - 30 1,861 2,234 - 8,260 5,792
1966 22,000 - - 920 260 - - 1,900 200 30 1,920 2,750 - 8,220 5,800
Space vehicle systems 1964 45,714 - 629 13,569 878 - - 1,942 - 1,403 15,257 3,186 - 3,282 5,568
1965 44,495 - 730 16,744 956 - - 2,922 - 2,020 9,659 2,326 - 5,700 3,438
1966 35,000 - 855 4,490 930 - - 2,655 - 1,180 13,461 1,770 - 6,519 3,140
Electronic systems 1964 28,700 - 1,079 4,644 3,274 - - 2,359 - 1,072 8,848 463 - 4,087 2,834
1965 25,422 - 475 3,469 2,797 - - 3,650 1,873 1,103 6,390 445 - 2,493 2,727
1966 34,400 - 880 4,525 3,035 - - 3,390 5,000 1,400 9,120 580 - 3,270 3,200
Human factor systems 1964 13,200 - 1,900 235 - - - 3,820 - 1,342 1,835 137 - 3,931 -
1965 13,320 - 445 220 - - - 4,113 - 2,000 3,204 230 - 3,108 -
1966 14,900 - 900 300 - - - 4,680 - 1,500 4,450 200 - 2,870 -
Nuclear-electric systems 1964 45,963 - 94 263 1,320 - - - - - - 41,719 - 685 1,882
1965 42,492 - 100 290 1,142 - - - - - 400 37,038 - 1,186 2,336
1966 27,000 - 100 400 1,200 - - - - - - 22,700 - 1,000 1,600
Nuclear rockets 1964 79,176 - - 7,153 - - - - - - - 11,330 60,355 - 338
1965 56,731 - - 1,280 - - - - - - - 10,450 44,995 - 6
1966 58,000 - - 1,300 - - - - - - - 7,800 48,900 - -
Chemical propulsion 1964 46,000 - - 3,542 375 - - - - - 1,144 31,205 - 3,194 6,540
1965 63,792 - - 3,592 550 - - - - - 1,480 45,227 - 8,760 4,183
1966 30,000 - 500 5,100 800 - - - - - 1,980 8,095 - 8,825 4,700
Solar and chemical power 1964 14,000 - - 1,429 2,170 - - 105 - - 710 6,403 - 630 2,553
1965 13,745 - - 2,000 2,425 - - 191 - - 690 4,309 - 1,009 3,121
1966 14,200 - - 1,000 3,075 - - 170 - - 740 5,000 - 1,109 3,106
Aeronautics 1964 21,795 - - - - - - 4,446 - 4,630 9,481 1,852 - 1,386 -
1965 35,240 - - - - - - 4,967 - 4,037 8,864 13,566 - 3,806 -
1966 42,200 - - - - - - 4,150 - 12,420 11,105 12,700 - 1,825 -
OFFICE OF TRACKING AND 1964 194,347 - - 2,900 132,817 - 5,100 - - 1.800 2. 450 - - 7,218 £2,87¢C
DATA ACQUISITiON 1903 214, 150 - - 2,000 195,201 - 5,450 - - 2,200 2,200 - - 7,900 59,799
1966 246,200 - - 1,500 173,400 - 5,900 - - 2,000 2,500 - - 7,900 53,000
Tracking and data acquisition 1964 194,347 - - 2,900 132,817 - 5,100 - - , 800 2,450 - - 7,210 42,070
1965 274,750 - - 2,000 195,201 - 5,450 - - 2,200 2,200 - - 7,900 59,793
1966 246,200 - - 1,500 173,400 - 5,900 - - ,000 2,500 - - 7.900 53.000
OFFICE OF TECHNOLOGY 1964 3,500 - - - - - - - - - - - - 3,500 -
UTILIZATION AND POLICY 1965 4,750 - - - - - - - - - - - - 4,750 -
PLANNTNG 1968 5,800 - - - - - - - - - hy - - 5,000 -
Technology utilization 1964 3,500 - - - - - - - - - - - - 3,500 -
1965 4,750 - - - - - - - - - - - - 4,750 -
1966 5,000 - - - - - - - - - - - - 5,000 -
TOTAL BUDGET PLAN 1964 3,974,979 51,700 1,362,994 1,301,925 376,423 - 5,100 40,322 - 10,291 78,376 300,256 60,355 158,029 229,208
1965 4,268,632 53,430 1,406,054 1,468,542 387,011 90 6,840 52,884 1,873 11,475 97.454 313,748 44,995 210,066 214,170
1966 _4,575,900 73,570 1,486,075 1,689,575 410,912 - 10,400 45,450 5,200 18,630 {00,836 258,625 48,900 205,463 222,264

1/Amount for Western Operations Office includes funds for the Jet Propulsion Laboratory as shown in the Research and Development program justification (Vol. I1)

SUM 7
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1966 ESTIMATES

SUMMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN AS

RECONCILED TO FINANCING SCHEDULE

Budget Activity

Manned Space Flight........
Scientific Investigations

in Space...vviieiivannnn

Space Applications.........
Space Technology...........
Aircraft Technology........
Supporting Activities......

Total Budget Plan........

Financing:

Appropriation............
Transferred from:
"Research, development,
and operation"
(77 Stat. 439)......
"Administrative
operations"

(77 Stat. 439)......

Appropriation
{adjusted)......

Transfer from "Research,
development, and
operation" in FY 1964
(76 stat. 731, 75 Stat.
355, and 77 Stat. 439).

Total financing of
budget plan........

Fiscal Year

Fiscal Year

Fiscal Year

1964 1965 1966

$496,841,600  $213,481,500  $27,825,000
16,698,700 5,765,000 8,377,000
3,933,000 - —
60,949,700 23,812,000 20,435,000
2,585,000 4,452,000 762,000
134,442,300 15,370,000 17,301,000
$715,450,300  $262,880,500 74,700,000
$680,000,000 $262,880,500  $74,700,000
20,046,300 - —.-
13,300,000 --- ---
713,346,300 262,880,500 74,700,000
2,104,000 --- ---

715,450,300

$262,880,500

$74,700,000

SUM 1
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1966 ESTIMATES

SUMMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN
BY BUDGET ACTIVITY SHOWING LOCATION TOTALS INCLUDED IN EACH ACTIVITY

MANNED SPACE FLIGHT.......

John F, Kennedy Space
Center, NASA,...ccceee
Manned Spacecraft Center
Marshall Space Flight
Center.ceoeocsscocscss
Michoud Plant.....ce00ee
Mississippi Test
Facility.eceecenccoacs
Various LocationS.,..e....
Facility Planning and
Design.ceeececcsscsccs

SCIENTIFIC INVESTIGATIONS

IN SPACE..O..C..O.......

Ames Research Center....
Goddard Space Flight
Center,...sc00c0c0cnes
Jet Prcpulsion Laboratory
John F. Kennedy Space
Center, NASA,.ececoeee
Various Locations.......
Wallops Station...ecveee
Facility Planning and
Desii;n................

SPACE APPLICATIONS........

Goddard Space Flight
Cent-e:rl...OOOQOOOOOOOQ

Fiscal Year

Fiscal Year

Fiscal Year

1964 1965 1966
$496.841,600 $213,481,500  $27,825,000
280, 520, 300 85,377,200 7,295,000
36,142,000 24,443,000 4,400,000
30,081,000 14,999,700 4,776,000
9,058,000 6,313,500 300,000
96,163,300 54,182,000 2,121,000
44,877,000 28,166,100 6,133,000
——- - 2,800,000
$16,698, 700 $5,765,000 $8.377,000
96,000 -——- 2,749,000
13,164,500 500,000 2,400,000
3,243,200 2,895,000 —--
170,000 1,741,000 1,300,000
5,000 .- .
20,000 629,000 1,048,000
S --- 880,000
$3,933,000 § —e$ .-
3,933,000 ——- .

SIM 2
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SPACE TECHNOLOGY....c0c00cess

Ames Research Center.......
Electronics Research
Centelr, . oseessssacssssece
Langley Research Center....
Lewis Research Center......
Nuclearr Rocket Development
Station,..eeceescsecccesnece
Various LocationS8,.ceecseee
Facility Planning and
DesiZNecesceccscsccocensns

AIRCRAFT TE'CHNOLOGY......-...

Ames Research Center.......
Flight Research Center.....
Langley Research Center....
Lewis Research Center......
Facility Planning and
Design.ececeecccccccoscnsce

SUPPORTING ACTIVITIES........

Goddard Space Flight Center
Jet Propulsion Laboratory,.

John F. Kennedy Space Center,

NASA, . cevteecscsccncccnce
Various LocationS...ecceeee
Wallops Station..cecececsces
Facility Planning and

Design,ieeeeesescccsnsane

Fiscal Year

Fiscal Year

Fiscal Year

TOTAL PIAN..I....l'..'........... §7151450!300

1964 1965 1966
$60,949,700  $23,812,000  $20,435,000
11,464,000 3,100,000 -——-
4,820,000 10,050,000 10,000,000
9,872,700 3,253,000 7,568,000
20,468,000 1,555,000 867,000
4,190,000 --- -
10,135,000 5,854,000 .-
-—- - 2,000,000
$2,585,000 $4,452,000 762,000
20,000 2,630,000 -
2,495,000 - -
70,000 1,322,000 682,000
--- 500,000 -——-
- - 80,000
$134.442,300  $15,370,000  $17,301,000
84,000 1,291,000 -
.- 725,000 -
4,000,000 1,955,000 -
129,803, 300 10,279,000 15,561,000
555,000 1,120,000 -
- - 1,740,000
$262,880,500  $74,700,000

SUM 3



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1966 ESTIMATES

SUMMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN BY LOCATION

Locat:ion

Ames Research Center....eeeecese
Electronics Research Center,....
Flight Research Center..........
Goddard Space Flight Center,.,..
Jet Propulsion Laboratory.......
John F. Kennedy Space Center,
NASA, ccrivececcsescccsscsnsnces
Langley Research Center..,.......
Lewis Research Center....seevcsee
Manned Spacecraft Center,.......
Marshall Space Flight Center,...
Michoud Plant,..ccececveoeccvnne
Mississippi Test Facility.......
Nuclear Rocket Development
Station...cseveosccsccccceccnes
Various LocationS.,ccecescocecec
Wallops StatioN.ceeececesscccnss
Facility Planning and Designl/..

Total Plan....eecevescscccncsns

Fiscal Year

Fiscal Year

Fiscal Year

1964 1965 1966
$11, 580,000 $5,730,000 $2,749,000
4,820,000 10,050,000 10,000,000
2,495,000 --- ---
17,181,500 1,791,000 2,400,000
3,243,200 3,620,000 ---
284,690,300 89,073,200 8,595,000
9,942,700 4,575,000 8,250,000
20,468,000 2,055,000 867,000
36,142,000 24,443,000 4,400,000
30,081,000 14,999,700 4,776,000
9,058,000 6,313,500 300,000
96,163,300 54,182,000 2,121,000
4,190,000 --- ---
184,820,300 44,299,100 21,694,000
575,000 1,749,000 1,048,000
~=- --- 7,500,000
$715,450,300 $262,880,500 $74,700,000

1/Amounts apprcpriated in fiscal year 1964 and 1965 are reflected by location.

A geographic location of NASA installations is shown on the following page.
Installations for which construction projects are requested in the fiscal

year 1966 budget are identified.

SUM 4
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NASA INSTALLATIONS

® LEWIS RESEARCH CENTER

. PLUM BROOK
AMES RESEARCH STATION (LEWIS)
CENTER
L N.H. * , ELECTRONICS RESEARCH
PACIFIC LAUNCH VT, CENTER

OPERATIONS OFFICE

MONT. N. DAK. MINN. .
S.DAK. “ MASS. _—
wYO. | w Nj:orm. .
NEB. m oD Y OEL - GODDARD SPACE
é«‘ q FLIGHT CENTER
COoLo. KAN. MO. M
WALLOPS STATION
AR'Z. OKLA. ARK. . @
¢ NASA HEADQUARTERS

<
TEXAS L E‘
-" * LANGLEY
RESEARCH CENTER

* KENNEDY SPACE CENTER

WESTERN OPNS
OFFICE

JET PROPULSION
LABORATORY
(CONTRACTOR)

FLIGHT RESEARCH

CENTER
EN * MANNED

SPACECRAFT CENTER

® MARSHALL SPACE

* MICHOUD PLANT FLIGHT CENTER
NUCLEAR ROCKET (MSFC)

DEVELOPMENT /

* Installations for which

STATION ( NASA.AEC)
% MISSISSIPPI TEST FACILITY construction projects are

(MSFC) requested in FY 1966 budget.



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1966 ESTIMATES

ADMINISTRATIVE OPERATIONS

SUMMARY OF OBLIGATIONS BY INSTALLATION

Fiscal Year

Fiscal Year

Fiscal Year

1964 1965 1966
MANNED SPACE FLIGHT
John F, Kennedy Space Center,

7 e $34,959,000 $61,616,000 $62,697,000
Manned Spacecraft Center...... 68,634,000 91,201,000 89,658,000
Marshall Space Flight Center,. 124,443,000 140,458,000 137,387,000

SPACE SCIENCE AND APPLICATIONS
Goddard Space Flight Center,.. 62,466,000 85,923,000 69,591,000
Pacific Launch Operations
Office....coviuvnnnnnnnncans 1,037,000 835,000 804,000
Wallops Station......ceeeuuuse 9,715,000 11,442,000 9,800,000
ADVANCED RESEARCH AND TECHNOLOGY
Ames Research Center.,.,....... 29,886,000 31,698,000 32,300,000
Electronics Research Center.,. 730,000 3,600,000 7,622,000
Flight Research Center........ 9,514,000 9,750,000 9,600,000
Langley Research Center....... 52,642,000 57,258,000 61,783,000
Lewis Research Center.,...... . 61,694,000 70,971,000 63,880,000
Space Nuclear Propulsion
Office............... teesnee 1,472,000 1,725,000 1,338,000
SUPPORTING ACTIVITIES
Northeastern Office...eeeeenns 379,000 --- -
Western Operations Office,.... 4,924,000 5,989,000 6,337,000
NASA Headquarters............ . 49,115,000 73,255,000 56,103,000
TOTAL,...,..... ceereaans . 610,000 $645,721,000 $609,400,000

SUM 1



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

ADMINISTRATIVE OPERATIONS

NUMBER OF POSITIONS BY LOCATION

MANNED SPACE. FLIGHT

John F, Kennedy Space Center,
NASA, . eivieansnconsoccnsnnnas

Manned Spacecraft Center........

Marshall Space Flight Center....

SPACE SCIENCE AND APPLICATIONS

Goddard Space Flight Center.....
Pacific Launch Operations Office
Wallops Station....cceeeceevoeee

ADVANCED RESEARCH AND TECHNOLOGY

Ames Research Center........s...
Electronics Research Center,....
Flight Research Center.....eoes.
Langley Research Center.,........
Lewis Research Center.......ese.
Space Nuclear Propulsion Office.

SUPPORTING OPERATIONS

North Eastern Office....ceceneve
Western Operations Office.......
NASA Headquarters,.....eooveeeee

TOTAL.....................-...

Fiscal Year

Fiscal Year

Fiscal Year

1964 1965 1966
1,625 2,082 2,082
4,277 4,811 4,811
7,679 7,658 7,658
3,675 3,725 3,725
22 22 22
530 530 530
2,204 2,205 2,205
25 250 550
619 619 619
4,330 4,308 4,308
4,859 4,847 4,847
112 116 116
33 --- -
376 406 406
2,133 2,221 2,221
32,499 33,800 34,100

SUM 2
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NATTORAL ALRONAUTTICS AND SPACE ADMINTSTRATTON

FISCAL YEAR 1966 LSTIMATES

ADMINISTRATIVE OPERATTIONS

DISTUIBUTION OF WUDGET PLAN BY OBJECT

CLASSIFTICATION BY INSTALLATION

{In dollars)

J.F. Kennedy Manned | Marshatll “Goddard | vacific Launch Wallops  Ames g onics  ¢light  Langley Tewis Space Nuclear North-  Western
Object Classification Totatl $pace Center, Spacecraft Space Flight Space Flight Operations Station Research Research Research Research Pesearch I'ropulsion eastern Operations Headquarters
NASA Centor Center s r Office Center Center Center Center Center Office Office Office
FISCAL YEAR 1964
Personnel compensation 288,081,000 13,365,000 36,497,000 72,921,000 32,481,000 193,000 3,806,000 19,042,000 137,000 5.659.000 35 a%a nnh 29 0ce 000 1,125 000 280,000 5,3/8,000 22,302,000
Fersonnel penefits 20.241.000 8RR 00N 0,008 000 0ng 550 2,237, 00u Lz, 000 268,000 1,389,000 106,000 410,000 2,654,000 3,112,000 32,000 20,000 231,000 1,678,000
Travel & transp of pers 18,536,000  2.181.000 3,R74,000 3,237 pog 2,409,000 38,000 160, 000 508,000 18,000 234,000 1,288,006 1,461,000 171,000 27,600 243,000 2,607,000
Transportation of things 5,400,000 150, 000 1,289,000 583,000 1,458,000 7,000 65,006 59,000 --- 31,000 450,000 627,000 11,000 1,000 13,000 456,000
Rents, communications, and
utilities 47,230,000 2,575,060 5,114,000 11,786,000 10, /90,006 111, 000 485,000 4,605,000 .- 362,000 £,719,000  §,378,000 --- 28,000 315,000 1,969,000
Frinting and reproduction 4,387,006 318,000 366,000 1,033,000 622,000 6,000 --- 37,000 --- 6,000 191,000 58,000 --- 4,000 13,000 1,233,000
Other services 54,345,000 4,672,000 9,523,000 13,999,000 5,802,000 70,000 915,000 1,644,000 486,006 1,629,000 2,540,000 2,300,000 - 3,000 456,000 10,906,000
Services ot other agencics 16,607,000 4,303,000 1,080,000 2,808,000 94,000 17,000 112,000 37,000 78,000 533,000 7,000 3,000 173,000 6,841,000
supplies and materials 24,203,000 3,284,000 1,427,000 5,911,000 2,228,000 141, 000 1,344,000 1,045,000 13,000 AO0,000 2 718 000 2 865,060 .- o000 51,000 560,000
22,230,000 1,753,000 6,442,000 3,814,000 3,356,000 55,000 1,017,000 614,000 29,000 1,007,000 998,000 2,542,000 --- 3,000 51,000 555,000
Lands and structures 10,339,000 790,000 727,000 3,330,000 595,000 310,000 1,658,000 831,000 .- 98,000 676,000 1,373,000 --- .- --- 1,000
Insurance claims and
indemnities 5,000 --- 1,000 1,000 -- --- - --- - - --- 2,006 --- .- .- 1,000
-_
Totals 511,610,000 34,959,000 68,634,000 124,443,000 62,466,000 1,037,000 9,715,000 29,886,000 730,000 9,514,000 57,647,000 61,694,000 1,472,000 379,000 4,924,000 49,115,000
FISCAL YEAR 1965
Personnel compensation 336,696,000 20,417,000 47,685,000 81,344,000 38,391,000 231,000 4,361,000 20,700,000 1,470,000 6,218,000 38,826,000 435,610,000 1,391,000 --- 4,155,000 25,897,000
Personnel bencfits 23,490,000 1,364,000 3,164,000 5,475,000 2,707,000 16,000 313,000 1,500,000 110,000 432,000 2,861,000 3,314,000 109,000 --- 291,000 1,834,000
Travel & transp of pers 21,000,000 2,113,000 4,908,000 3,759,000 2,730,000 50,000 160,000 610, 000 240,000 260,000 1,380,000 1,660,000 200,000 --- 296,000 2,634,000
Transportation of things 5,675,000 872,000 1,160,000 550,000 1,195,000 12,000 83,000 58,006 121,000 40,000 440,000 650,000 10,000 --- 24,000 460,000
Rents, communications, and
utilities 53,191,000 3,973,000 7,967,000 13,231,000 9,936,000 90,000 626,000 4,725,000 389,000 337,000 5,424,000 3,987,000 --- --- 448,000 2,058,000
Printing and reproduction 4,683,000 851,000 390,000 1,100,000 317,000 8,000 15,000 35,000 35,000 10,000 200, 000 65,000 --- --- 17,000 1,640,000
Other Services 80,807,000 19,912,000 12,072,000 20,052,000 4,850,000 166,000 1,233,000 1,355,000 394,000 985,000 2,517,000 2,563,000 15,000 --- 567,000 14,126,000
Services of other agencies 12,230,000 5,148,000 665,000 2,918,000 334,000 74,000 50,000 105,000 110,000 --- 90,000 45,000 --- --- 50,000 2,641,000
Supplies and materials 22,968,000 1,700,000 3,889,000 6,100,000 1,796,000 85,000 1,234,000 1,234,000 154,000 540,000 2,600,000 3,150,000 .- --- 65,000 421,000
Equipment 79,152,000 4,333,000 8,453,000 4,928,000 23,201,000 46,000 2,546,000 1,076,000 453,000 762,000 2,410 000 9,325 00G - - 76,000 21,534,000
Lands and structures 5,811,000 932,000 847,000  1,600,00C 466,600 57,000 820,000 300,000 124,000 165,000 500,000 600,000 --- --- --- ---
Tnsurance clafme and
indemnities 18,000 1,000 1,000 1,000 -- 1,000 - --- 1,000 1,000 7,000 --- --- --- 1C, GCC
Totals 045,721,000 61,616,000 91,201,000 140,458,000 85,973,000 835 non AP Ao 230V YVY 7, 19U, U00 97,958,000 76,971,000 1,725,000 --- 5,989,000 73,255,000
FISCAL YEAR 1966
rersonnel compensation 345,207,00C 21,879,000 49,997,000 81,675,060 38,544,060 234,500 4,381,006 U LU, UUL 38,80, 500 65,635,000 1,426,000 --- 4,378,000 26,822,000
Personncl benefits 24,193,000 1,465,000 3,328,000 3,531,000 2,716,500 16,000 313,000 1,503,000 332,000 435,000 2,889,000 3,338,000 111,606 --- 304, 000 1,912,000
Travel & transp of pers 21,000,000 1,538 000 5.417.000 3,825,000 , 40,000 16,000 HUL, UG 270,000 200,000 1,370,000 1,650,000 200, 000 --- 303,000 2,627,600
Transportation of things 5.049.000 177 000 I LT LUy Uuy 53, U0U 58, 00U 141,000 40,000 aan nnp 530,000 7, on --- e LU
Rents, communications, and
utilities 49,556,000 4,385,000 7,143,000 11,786,000 50,000 405,000 5,203,000 784,000 331,000 4,110,00¢ 2,825,000 --- --- 469,000 2,218,000
Printing and reproduction 4,869,000 871,000 390,000 1,150,100 242,000 8,600 15,00U I, 000 £5,000 10,000 200,500 nY, Ul --- --- 17,000 1,701,000
Other services 96,054,000 23,937,000 15,034,006 21,435,000 6,923,000 160,000 1.6%3 000 1 48R anp 702,550 1,044,500 2,800,000 2,849,000 100,000 672,600 17,151,000
Services of other agencies 11,969,000 4,620,000 665,000 2,944,000 443,000 80,000 50,00G 112,000 15%,000 .- 90,000 50,0600 - .- 38,000 2,724,000
Supplies and materials 23,140,000 1,579,000 3,889,000 6,100,000 1,974,000 85,000 1,234,000 1,234,000 376,000 540,000 2,600,000 3,050,000 --- --- 65,000 414,000
Equipment 23,109,000 1,000,000 2,110,000 1,390,000 4,532,000 46,000 760,000 1,036,000 261,000 524,000 7,821,000 3,315,000 .- .- 71,000 243,000
Lands and structures 5,235,000 700, 000 740,000  1,00C, 000 525,000 15,000 300, v00 110,000 150,000 500, 000 450,000 .- .-- --- -
Insurance claims and
indemnities 19,000 1,000 1,000 1,000 - --- 1,06C --- .- 1,000 1,000 3,000 --- --- - 10,000
Totals 609,400,000 62,697,000 89,658,000 137,387,000 69,591,000 804, 000 9,800,000 32,300,000 7,622,000 9,600,000 61,783,000 63,880,000 1,838,000 ---_ 6,337,000 56,103,000

SUM 3
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1966 ESTIMATES

COMPUTATION OF PERSONNEL COSTS BY INSTALLATION AND FISCAL YEAR

(In thousands of dollars)

J, F, KEWNEDY MANNED MarsHaLL GODDARD PACIFIC LAUNCH AMES ELECTRONICS FLIGKT LANGLEY LEwW)S grace NucLEAR NURTHEASTERN WESTEAN
FISCAL YEAR 1964 ACTBAL T0TAL SPacE CENTER, SPACECRAFT Space FLIGHT SPACE FLIGHT OPERATIONS WALLOPS RESEARCH RESEARCH RESEARCH RESEARCH REGEARCH PROPULSION HEAOQUARTERS OPERATIONE OPERATIONS
NASA NASA CENTER CENTER CENTER OFFICE STATION CENTER CENTER CENTER CENTER CENTER orriot Orrict OFFICE
personnel Compensation:
Permanent positions $289,440 $14,468 $37,237 $68,967 $33,986 $194 $3,586 $19,528 $277 $5,320 | $35,966 $42,557 $1,249 $22,249 $305 $3,551
Pay above the stated annual rare 2,336 113 269 576 270 2 28 164 2 42 305 361 S 160 2 1
Lapses (deduct) 25,31¢ -2.904 -7,110 L, c1e -13.059 -13 -235 -1,045 -143 -205 -1,606 -1,950 -136 -1,468 -39 -498
Net cost of permanent positions $266,458 $11,6/7 335,350 864,624 $31.197 $183 $3,379 $18,647 $136 $9,157 | 534,065 540,048 ¢1,122 520,961 5268 ¢2 ORL
Other personnel compensation 22,102 1,688 4,107 8,302 1,758 10 421 355 1 s02 1,261 2,001 3 1,361 12 294
Total personnel compensation $288,560 $13,365 $34,497 $72,926 $32,955 $193 $3,806 $19,042 $137 $5,659 $35,926 42,969 $1,125 $22,302 $280 $3,378
Reimbursable 479 --- .- 474 - --- --- - - -~ --- --- -- --- ---
NASA funded 288,081 13,365 34,497 72,921 32,481 193 3,806 19,042 137 5,659 35,926 42,969 1,125 22,302 280 3,378
Total personnel benefits $20,262 868 $2,294 $4,926 $2,308 $12 $268 $1,389 $10 $6410 | $2,654 $3,112 $82 $1,678 $20 $231
Reimbursable 21 --- - --- 21 --- --- --- --- - -—-- .- ---- .- .- ---
NASA funded 20,241 868 2,29 4,926 2,287 12 268 1,389 10 410 2,654 3,112 82 1,678 20 231
Total Personnel Costs $308,822 $14,233 $36,791 $77,852 $35,263 $205 $4,074 $20,631 3147 $6,069 1 528,580 $46,081 31,207 $23,980 $300 $3,609
Reimbursable 500 --- --- 5 495 --- .-- --- .- --- -—- --- --- --- --- -~
NASA funded 308,322 14,233 36,791 77,847 34,768 205 4,074 20,431 147 6,069 38,580 46,081 1,207 23,980 300 3,609
FISCAL YEAR 1965 ESTIMATED
Per sonnel Compensation:
Permanent positions $320,264 $19,652 $44,456 $74,262 $36,939 $208 $3,904 $20,220 $2,799 $5,671 837,424 $43,611 $1,389 $25,652 .- $4,077
Pay above the stated annual rate 1,260 70 163 298 134 1 15 78 10 22 175 173 6 99 --- 16
Lapses (deduct) -9,592 -1,556 -2,488 -1,565 -376 _-6 -81 -39 -1,611 -122 -216 -219 -10 -1,272 - -231
Net cost of permanent positions $311,932 $18,166 $62,131 $72,995 $36,697 $203 $3,838 $20,259 $1,398 $5,571 537,383 $43,565 $1,385 $24,479 --- $3,862
Other personnel compensation 25,277 2,251 5,554 8,352 2,204 28 523 441 72 647 1,443 2,045 6 1,418 - 293
Total personnel compensation $337,209 $20,417 $47,685 $81,347 $38,901 $231 $4,361 $20,700 1,470 $6,218 $38,826 $45,610 $1,391 $25,897 --- $4,155
Reimbursable 513 --- --- 3 510 --- --- --- --- --- --- -~- --- --- --- -
NASA funded 336,696 20,417 47,685 81,344 38,391 231 4,361 20,700 1,470 6,218 38,826 45,610 1,391 25,897 --- 4,155
Total personnel benefits $23,533 $1,364 $3,164 $5,475 $2,750 816 $313 $1,500 $110 $632 $2,861 $3,314 $109 $1,834 --- $291
Reimbursable 43 --- --- .- 43 --- --- --- .- --- --- =-- --- bt --- b
NASA funded 23,490 1,364 3,164 . 5,475 2,707 16 313 1,500 110 432 2,861 3,314 109 1,834 --- 291
Total Personnel Costs $360,742 $21,781 $50,849 $86,822 $41,651 $247 84,674 522,200 §1,580 $6,650 15641,687 $48,924 $1,500 $27,731 --- $4,446
Reimbursable 556 --- --- 3 553 --- --- --- --- --- --- --- - --- .- .-
NASA funded 360,186 21,781 50,849 86,819 41,098 247 4,674 22,200 i, 580 £,65C | 41,687 48,924 1,500 27,731 --- 4,446
e S
FISCAL YEAR 1966 ESTIMATED
personnel Compensation:
Permanent positions $323,702 $19,767 $44,674 $74,358 $36,936 $211 $3,904 $20,220 85,716 $5,744 |$37,426 $43,610 $1,415 $25,645 --- $4,078
i pay above the stated annual rate 1,284 75 208 258 137 1 15 78 22 22 175 173 6 99 --- 15
Tzpees {daduct) -4,058 -300 -511 -363 =192 -1 -81 -10 -1,527 =44 -80 -90 -3 -355 --- -1
Net cost of permanent positions $320,928 $19,542 $44,371 $73,753 $36,881 9211 $£2,22¢8 ¢2n 78R8 $4.211 $5,722 |$37,519 $43,693 51,418 $25,38% .- $4,092
Other personnel compensation 24,995 2,337 5,626 7,925 2,376 _23 523 441 157 543 1,301 1,342 & 1 411 --- 286
Total personnel compensation $345,923 $21,87¢ $49,997 $81,678 $39,257 $2 $4,361 $20,729 $6,368 $6,265 $38,896 | $45,635 $1,424 526,822 - $4,378
Reimbursable 716 - -——- 3 713 --- --= --- - - == ~-- --- --- - ---
NASA funded 345,207 21,879 49,997 81,6/5 38, 54 2134 4,361 20,729 4,368 6,265 38,896 45,635 1,%24 26,822 - 4,378
Total personnel benefits $24,243 $1,465 $3,328 $5,531 $2,766 $16 $313 $1,503 $332 435 | $2,889 $3,338 s $1,912 - 3304
Reimbursable 50 --- --- --- 50 --- --- --- --- --- === === bt --= === -
NASA funded 246,193 1,465 3,328 5,531 2,716 16 313 1,503 332 435 2,889 3,338 1 1,912 --- 304
Total Personnel Costs $370,166 | $23,346 $53,325 | $87,209 $42,023 $250 $4,676 |$22,232 | $6,700 $6,700 |§41,785 | $48,973 |  §1,535 $28,734 == $4,682
Reimbursable 766 --- --- 3 763 -=- - --- - - == === b === i ---
NASA funded 369,400 23,344 53,325 87,206 41,260 250 4,674 22,232 4,700 6,700 | 41,785 48,973 1,535 28,734 --- 4,682
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NATIONAL ARROHAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1966 ESTIMATES

DISTRIBUTION OF PRSONNEL POSITIONS BY INSTALLATION AND FISCAL YEAR

- r - - . . ) - ; - _— —— —
7
; ‘ ‘JA FoORLNNEGTY i ManNEw ’ MARGHALL SUSIARY ’ FACIFIC LAUNCH I WALLGFS ] HES ELECTRUNICS FLIGHT E LENGLEY : LEWIS ‘ SFACE NLCLE SR ‘ ; SuRTHEASTERNY | WESTERN [
| FADLAL FEAM D2iy eLpuAL | TUAL {OFALE LINIER, | SFALEWRARD | | SPACE FLEGFT | CRERATICNS | 5vATILN | RESTARCH | RESEARCH i RESEARCH | RESEARCK ! RESEARCE | FRUFLLSION | HEALQUARTERS | UPERATIUNS i (FERATILLY |
| NASA tASA | CENIER l CENTER | CFFITE i i OCESTER | CENTER | CENTER 1 CENIER CENTER | GFFICE | vASH | GFFICE | uFFiICE |
- i 4+ H ! L H ! | | |
! T ! ! j ; ! J T | | T ] i
TOTAL KXCRPTED pOSITIONS 2/ | 415 14 35 56 40 ) - 1 26 . - s 36 | 35 | 3 | 158 2 \ 3 i
General Scladule Tositjons: ! ! ! ! ! ! - : - ! - 5 - !
| - - ‘ - R R o B R S A R R R R
1,612 51 191 351 190 L , 5 1z 5. 15 13T 155 | 20 | 365 3 | 10 |
Lo2,463 ! 02 314 658 | 37 4 | 8 146 529 . 215 294 | 20 i 271 - 5 | 41 |
L3,677 243 596 942 535 1 ; 19 193 3 ; 41 304 336 . 23 . 180 2 59
| 3,663 302 560 996 480 3 25 | 153 2 58 i 357 | 512 | 7 | 123 2 ! 83
3,179 206 485 875 467 3 27 | 139 - 52, 41l @ 398 | 3 | 00 1 | 42 :
; 23 1 - 1 - - 3 2 - i - - 12 | - 4o - : - ;
12,463 99 396 422 391 - 22 | 180 1 ‘ 50 468 1 372 | 2 70 3 ] 7 i
i 51 3 - & 8 - - - - 2 2 9 - i 22 - i ! i
| 1,693 33 361 288 223 - a1 119 1 |2 215 200 2 ; 146 2 ; 5 |
; | 670 4 : 54 72 79 H Lo 35 1] 1 69 58 4 H 223 - i 14 |
) ' 1,816 166 . 296 ' 379 250G 1 46 ' 121 3 ' 21 179 127 A 214 K i A i
1,971 150 371 507 226 5 32 | 119 1 |25 153 206 | 11 ! 122 8 | 35
©1,290 9 i 219 402 103 1 16 | 58 1 | 5 155 169 | 3 ‘ 73 2 9
, 155 3 5 68 5 1 A2 7 10 = 23 16 | - - _a
TOTAL GENZRAL SCHEDULE POSITIONS 24,730 1,487 | 13,828 5,969 3,304 22 256 1,384 25 1 336 2,672 | 3,044 ! 109 1,894 20 72
TOTAL WAGE BOARD POSITIONS | _6.839 91 308 1,477 266 - 261 | 791 - J 263 . 1,571 | 1,772 - 39 - -
TOTAL PERMANENT POSITIONS i 31,984 1,592 | 4,171 7,502 3,610 22 516 ! 2,201 2 ' 605 | 4,279 | 4,851 112 2,091 32 375
OTHER TEMPORARY POSITIONS ! 515 33 106 177 65 - _i6 3 O U 51 8 - 472 B! 1
GRAND TOTAL POSITIONS - FY 1964 | 32,699 1,625 4,277 7,679 3,675 22 530 ' 2,204 25 | 619 ‘ 4,330 | 4,859 112 2,133 33 376
! i
FISCAC TEaR 1205 EoTIMATED
I
1 TOTAL EXCEPTED POSTTIONS &/ 439 15 35 54 40 - Y 29 10 _6 38 35 3 170 - 3
i General Schedule Positions: - - - - -
! GS-16 183 9 15 41 21 - 1 17 - 3 16 17 3 39 - 1
| G8~15 1,694 62 222 390 190 ! 1 4 97 16 13 129 155 16 384 - 13
: Gs-14 2,707 108 . 398 663 383 4 8 150 50 31 222 319 20 302 - 49
| Gs-13 4,217 382 736 1,040 554 3 27 219 50 49 18 537 13 207 - 62
! Gs-12 4,024 | 369 664 1,052 568 5 42 169 20 54 372 490 5 132 - 82
i GS-11 3,456 | 269 594 899 502 1 31 151 4% 56 421 398 3 71 - 44
6s-10 | 1 - 1 - - 2 5 - - - 12 - 10 - -
GS-9 2,495 131 479 412 380 - 21 145 4 40 | w3 b 358 - 7% - 8
Gs-8 59 3 1 4 9 - - - - - 2 i 11 - 28 - 1
Gs-7 1,591 116 332 279 155 - 21 105 | 1 20 | 191§ 212 4 149 - 6
GS-6 726 47 63 75 103 1 9 34 11 ;16 | 69 58 4 223 - 13
GS-5 1,833 . %1 . 311 391 170 3 49 110 38 {22 | 15 ¢ 129 16 213 - 65
GS-4 1,889 193 339 516 180 1 26 106 | 34 L% ! 152 180 8 | 91 - 39
Gs-3 999 91 174 223 112 - 8 52, 2 | 8 135 146 i 1 35 - 12
GS-2 149 L1 1 69 _ .38 = = 6 Y - = 8 ! 10 - 2 = 1
TOTAL GENERAL SCHEDULE POSITIONS i 26,051 1,929 4,329 6,055 3,365 19 249 1,366 | 240 336 | 2,653 | 3,032 113 1,967 - 19
TOTAL WAGE BOARD POSITIONS 6,710 101 322 1,380 272 | - 268 __790 ! - 263 1,547 | 1,748 - 1 - -
TOTAL PERMANENT POSITIONS 33,200 2,045 4,686 7,489 3,677 | 9 518 2,185 | 250 605 4,238 | 4,815 116 2,156 ! - i o
OTHER TEMPORARY POSITIONS 600 37 125 __169 48 3 12 20 | - 1 70 32 - ! 65 | - 5
GRAND TOTAL POSITIONS - FY 1963 . 33,500 2,082 4,811 7,650 5,725 22 330 2,205 EE T 4505 | 4,847 Tis NPT - ; 406
S I 1 | | i I | ]
! ! ! I ! I I I !
FISCAL rraR 1968 ESTIMATES [ ! i ! ! H ! H ! | ! ! | |
i | ; . i i ; i ; i : | i i
TOTAL EXCEPTED PosITIONS/ ; 439 15 35 54 s = [ 29 ! o s } 38 | 35 | 3 ! 169 - b I
General Schedule Positfons: i ! 1 i ! : i i ! ! : 1
cs-16 I 183 9 15 i AT 21 | - 1 17 N TR ] w9 - i 1 i
G5-15 1,724 62 222 390 | 190 1 4 97 46 13 129 1 155 16 ! s | - 15
GS-14 2,767 108 398 663 383 4 8 150 110 31 222 319 20 ; 302 - 49
Gs-13 4,299 382 736 1,066 554 3 27 210 114 49 318 537 33 i 208 - 52
Gs-12 4,101 369 664 1,081 568 5 42 182 55 54 172 490 5 132 - 82
Gs-11 © 3,475 269 594 909 502 1 31 157 19 56 421 298 3 71 - hh
: GS-10 31 1 - 1 - - ! 2 5 - - - 12 - 10 - -
' 65-9 2,561 131 479 433 380 - 21 165 9 40 443 358 - 74 - 8
; Gs-8 59 3 1 4 9 - - - - - 2 11 - 28 - 1
: 65-7 1,578 116 332 273 155 - 21 72 2 20 151 ziz 4 145 - i 5
| G5-6 738 47 63 | 76 | 103 1 9 13 21 16 59 58 6 223 | - | 13
| [EEES) | 4,000 N P EPPY ’ avL Liv ; B} i sy Liy v 123 Lia Ley oy Lo 13 | - | 0>
5-4 1,932 193 339 528 186 i L2 06 69 2% 152 180 2 51 - 39
i GS-3 | 1,008 o1 i 17 224 112 - 8 46 16 8 135 146 1 35 - 12
i G5-2 i 156 ¢ _ .7 1 ] 3 - - 7 - - 3 10 - S = i
| TOTAL GENERAL SCHEDULE POSITIONS 26,451 | 1,929 4,329 6,155 3,365 19 249 1,366 53 336 2,653 3,032 113 1,968 - 398
i TOTAL WAGE BOARD POSITIONS _6,610 , _101 322 1,280 272 - 268 790 - 263 1,547 | 1,748 - 19 - -
‘ TOTAL PERMANENT POSITIONS 33,500 | 2,045 4,686 | 7,489 | 3,677 19 518 2,185 550 \ 605 4,238 | 4,815 116 2,156 - 401
OTHER TEMPORARY POSTTIONS i 600 | 37 125 i 169 | 48 3 12 20 - 14 - 65 - 5
i GRAND TOTAL POSITIONS - FY 1966 ILEZ,'TOO | ,082 % 4,811 | 7,658 i 3,725 \l 22 i 530 } 2,205 i 550 } 619 { | 116 i‘ 2,221 | - l 406 |
| I [ [ H

a/Total Excepted Positions include two (2) Special Ungraded arnd twelve (12) P,L. 313 positions.

SUM 5



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1966 ESTIMATES

ADMINISTRATIVE OPERATIONS

ANALYSIS OF REQUIREMENTS FOR PASSENGER-CARRYING MOTOR VEHICLES

The appropriation language provides for the purchase of 30 passenger
motor vehicles, of which 6 are for augmentation to the fiscal year 1965 ending
inventory and 24 are for replacement., All vehicles scheduled for replacement
meet, or will meet, the criteria established by the General Services
Administraticn for replacement of vehicles due either to age, mileage, annual
maintenance costs, or a combination of these factors,

A summary analysis and planned procurement by class of vehicle in fiscal
year 1966 is as follows:

Medium Station

Total Sedans Sedans Wagons Ambulances Buses

On hand July 1, 1965.. 183 1 47 113 11 11
Total to be procured: 30 - 7 15 - 8
(For replacement)... (24) - (4) (15) () (5)

(Disposed - mnot

replaced).veeseses (3) - (2) (1) ) )

On hand June 30, 1966, 186 1 48 112 11 14

762-047 O - 35 - 4 ’ SUM 6



RESEARCH AND DEVELOPMENT

FISCAL YEAR 1966 ESTIMATES.

OFFICE OF AINVANCED RESEARCH AND TECHNOLOGY BASIC RESEARCH PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:
The purpose of the Basic Research Program is to initiate and administer
fundamental research in the physical and mathematical sciences which will
provide an uanderstanding of phenomena which are important to the development
of current and future aircraft and spacecraft. This basic research is carried
out in NASA's Research Centers with some contract assistance by universities,
industrial and other Government laboratories. Fundamental knowledge in many
fields is essential for NASA's programs to advance in an orderly manner and on
a scientific basis. Basic research in NASA has, therefore, to cover a wide
range of disciplines, and varies from very fundamental studies into the nature
of the atomic nucleus and its internal energies to mcre applied research in
materials for application to supersonic transports or entry vehicles. Much
of the Basic Research Program cannot be specifically identified with current
NASA projects. Its broad objective is to increase man's knowledge and under-
standing of the physical laws of nature and of their mathematical expression,
definition, and interpretation.

Engineers today must frequently use materials which are inadequate to

- meet the special requirements of particular applications. As a result they
must "over design', adding more weight to assure adequate performance. Thus
the goal in materials research is to obtain construction materials which are
safer, lighter in weight, more temperature resistant, and allow cheaper
construction.

In the electrophysics area, superconductivity, characterized by zero
electrical resistance of some metals at temperatures near absolute zero, is
being studied to learn more about the mechanisms of the electron movement
within the crystal structure and to discover in this way new materials which
exhibit these same characteristics at somewhat higher temperatures. Many
applications are awaiting results of this research; for example, superconductiang
devices such as a cryogenic gyroscope which will rotate for long periods of
time with no power requirements, using extremely small but very powerful
magnets.

In fluid physics, refinements in magnetohydrodynamic accelerators may
lead to a laboratory facility which, as a wind tunnel of extreme speed, will
permit more realistic simulation of reentry conditions prevailing around space
vehicles returning to the Earth or entering the atmosphere of other planets.
Research imn this field is also leading to an understanding of the principles
of electric propulsion devices, plasma flows in atomic power generators, and
such fundamental phenomena as the interaction of the solar wind with the
Earth's magnetosphere.
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In appli=d mathematics, another important part of the Basic Research
Program, new and improved mathematical techniques are being developed which
will enable complex physical phenomena to be represented more easily and more
accurately and o be studied with greater accuracy and speed on electronic
computers. These techniques will, in time, lead to the solution of many
important physical and mechanical problems of the kind that now are extremely
time consuming or even impossible to solve with present analytical and
numerical methods.

SUMMARY OF RESOURCES REQUIREMENTS :

1964 1965 1966

Supporting research and
technology..esoeereescsonncsnesnsa. $22,653,000 $21,231,000 $22,000,000

Total..euueuennenenoennnnnnennesas $22,653,000 $21,231,000 $22,000,000

Distribution of Program Amount by Installation:

Marshall Space Flight Center...... $986,000 $916,000 $920,000
Goddard Space Flight Center....... 235,000 257,000 260,000
Jet Propulsion Laboratory........ . 6,443,000 5,792,000 5,800,000
Ames Research Center.............. 1,692,000 1,881,000 1,900,000
Electronics Research Center....... --- --- 200,000
Flight Research Center........ conn -——- 30,000 30,000
Langley Research Center........... 1,466,000 1,861,000 1,920,000
Lewis Research Center..... ceesseas 3,464,000 2,234,000 2,750,000
NASA HeadquartersS........... ceeaen 7,831,000 8,260,000 8,220,000
Western Cperations Office...ev00.. 536,000 - .-

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

1964 1965 1966
Fluid phySiCS...veecerencsacnnsannns $7,887,000 $7,830,000 $8,000,000
ElectrophySicS....viveeeeennneennn .. 3,986,000 3,940,000 4,100,000
Materials research............ ceeeee 9,582,000 8,156,000 8,600,000
Applied mathematics......... e 1,198,000 1,305,000 1,300,000
Total....oeieereoecenononcennonns . $22.653,000 $21,231,000 $22,000,000

Fluid Physics

The objective of basic research in fluid physics is an understanding of
the fundamental processes determining the behavior of liquids and gases.
Emphasis is placed on the study of processes related directly or indirectly
to problems anticipated in the development of future spacecraft and aircraft.
For example, problems of £fluid physics are involved in the erosion of electrodes
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and insulators in magnetogasdynamic propulsion devices where gas temperatures
reach 50,000 degrees Fahrenheif. At these temperatures gas mixtures react
chemically, interact with structural materials, and undergo molecular and
atomic decompositions, causing significant alterations of the flow field and

of the thermal and mechanical stresses in exposed structures. Similar problems
are encouatered in the hot gas cap surrounding space vehicles during atmosphere
entry and result in dangerous structural stresses and severe control and
communications problems. The successful solution to these and similai: problems
which stand in the way of minimum weight, long life spacecraft systems depends
in large measure on a productive fluid physics research program.

During FY 1966 research will continue on the high temperature properties
of the gases xnown to make up the Earth's atmosphere and of others believed
to be present: in the atmospheres of Mars and Venus. These properties, which
will be obtained at the Ames Research Center and under contract, are essential
to the prediction of flow conditions about a vehicle and hence to the structural
and aerodynamic design of interplanetary spacecraft. For example, the thermal
radiative properties of air and carbon dioxide nitrogen mixtures, simulating
the composition of the Venusian and Martian atmospheres, show large variations
at certain wave lengths in electromagnetic spectrum. Much must be learned
about the characteristics, particularly in the ultraviolet wave lengths,
before spacecraft designers can proceed with confidence with the design of
planetary landers.

Another important high temperature characteristic of certain gases is
their tendency t:o become ionized. Gases in this state are called plasmas and
research on plasma phenomena has become an important field of fluid physics.
To understand the principles involved is essential, for example, to the design
of electromagnetic gas accelerators and certain energy converters. In FY 1966,
plasma physics research will be focused on fundamental problems of plasma
stability which are impeding the development of a number of plasma prcpulsive
devices. Successful solution of these problems may also lead to the design
and construct:ion of a hypervelocity plasma tunnel for model testing urder
reentry conditions. This is the only technique so far discovered that has the
potential of complete simulation of these conditions in a continuous stream.
Such a facility would become a powerful tool for materials and structural
research. The Langley, Lewis and Ames Research Centers, assisted by some out-
side contracts, are conducting the plasma physics research program.

Another important objective in fluid physics research during FY 1966 is
an understanding of turbulent boundary layer behavior on hypersonic aircraft.
Accurate predictions of boundary layer behavior are essential to reliable
predictions of airplane performance. The present uncertainty in understanding
of hypersonic boundary layers must be overcome before the feasibility of
hypersonic cruise aircraft can be assessed with confidence. Hypersonic
turbulent boundary layers will be studied at the Langley and Lewis Research
Centers, especially under the high heat transfer conditions expected cn
airplane surfaces and in engine inlets and nozzles.
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Electrophysics

Electrophysics includes experimental and theoretical investigations of
the reactions of electronic, atomic and nuclear states of solids, liquids and
gases which are influenced by the static or dynamic forces of gravitational,
nuclear, magnetic and electric fields. Information from this research is
generally applicable to engineering advances in such fields as space power,
radiation effects and electronic communications.

Research is under way to determine and explain the mechanisms of energy
transfer within the atomic levels of solids and gases. This will lead to
new sources for the stimulated emission of coherent electromagnetic waves
(lasers) in the region from gamma ray to millimeter wave lengths. The avail-
ability of such signal sources would substantially advance our capabilities in
electronic communication and navigation for spacecraft. This research is
being conducted at the Massachusetts Institute of Technology, Stanford Uni-
versity, University of Michigan and Johns Hopkins University, under NASA
contracts.

Theoretical and experimental research in superconductivity research is
being conducted to increase the critical temperature and magnetic field
strength of superconductors. Superconducting coils offer a superior method
with respect to weight, volume and power requirements for obtaining strong
magnetic fields. These fields may conceivably be used to shield spacecraft
from harmful sclar particle radiation and also to confine properly the flow
of ionized gases in magnetohydrodynamic and controlled thermonuclear electric
power generators. Other potential uses of superconductors are for electric
power transmission lines, for computers, and for rotating electrical motors
and generators. The research is being carried out by the Lewis Research
Center, the Jet Propulsion Laboratory, and the University of Chicago.

One outstanding accomplishment in the Basic Research Program during
FY 1965 was the generation of acoustic energy in solids and liquids by high
intensity pulsed light from a laser. This acoustic wave has a frequency
thousands of times higher than that of ultrasonic sound waves produced by
previous methods. Coherent acoustic energy may become a new research tool to
probe further the behavior of electrons and ions which form the structure of
solid state devices such as semiconductors, transistors and lasers. It may
also be possible to adapt acoustic energy to industrial nondestructive testing
techniques.

In FY 1666, the existing program will be continued. Additional emphasis
will be placed on exploring nuclear reactions to obtain a better understanding
of the forces binding the nuclei. Such knowledge not only will explain better
the reactions of primary solar radiations impinging on spacecraft structures,
but also provide new information about the secondary radiations arising from
the primary reactions. This information may be helpful to spacecraft designers.
Also, a more intense effort will be made to explore the energy transformations
in the lattice structure due to applied electric and magnetic forces. The
results may lead to greatly improved electronic circuit components for space
navigation and communication systems.
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Materials Research

The role of basic research in materials is to gain an understanding of
the basic physical and chemical nature of solids. It is only through such
understanding that NASA can continue to meet its growing needs for improved
materials,

The program is broad in scope and ranges from basic studies of the
electronic and atomic nature of matter to its application in airplanes and
space vehicles, It deals with the thermodymamics of chemical reactioas
involved in the production and utilization of materials, and with the physical
metallurgy and chemistry of complex alloys, ceramics, and polymers from which
many devices used in flight programs are constructed. The program includes
studies of the basic mechanisms by which materials deteriorate in service.

One example is the study at Ames Research Center on the mechanism by which
ablative materials deteriorate upon reentering the Earth's atmosphere, It is
this breaking down of the ablative material that provides the heat protection
to spacecraft, When the ablation process is completely understood, it will be
possible to utilize current ablative materials more efficiently and to develop
better ablatives for future spacecraft,

Encouraging results during the past year indicate that the entire Materials
Research Program will show substantial progress in FY 1966. One aspect of
this program should be particularly productive: the understanding of the
electrical, chemical and physical nature of surfaces. This understanding is
very important in problems involving almost all phases of materials behavior,
and is finding frequent application in the development of space vehicles and
high speed aircraft. For example, the 20 year backlog of scientific knowledge
and experience in oxidation resistant high temperature alloys will, ia FY 1966,
be applied tc the specific problem of designing stator and turbine blades for
the engines cf the Mach 3 supersonic transport. These engine components will
be operating at temperatures 300 to 400 degrees Fahrenheit higher than those
in current engines, a temperature region where oxidation becomes a severe
problem.

Another aspect of materials research which is progressing well and
should find practical application in FY 1966 is that of dispersion strengthened
materials. These are metals or alloys which have been strengthened through
the introduction of very small hard particles that retard slipping between
the metal crystals. In the past, research on these materials has resulted
in an accumulation of scientific knowledge on the mechanism by which such
particles strengthen metals. A clear picture is almost at hand and will
result in a dispersion strengthened nickel to be evaluated in FY 1966 for the
structure of the supersonic transport airplane. This material should hasten
the final design of this airplane.

Applied Mathematics

Research in applied mathematics is concerned with the development of
improved mathematical techniques for the solution of physical problems. The
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problems which may arise in aerospace science or engineering usually require
the solution of non-linear differential equations, Fast and simple solutions
are desired for planning experiments and predictive evaluation of results,
because this is often the most feasible and economical way.

While substantial progress has been made in this direction, there remain
many problems in the physical sciences which await mathematical formulation
and solution. One of these is the problem of three bodies, that is, the
question of solving the mathematical equations representing motion of, say,

a lunar satellite or space probe moving under the influence of gravitational
fields of two or more large masses, each having relatively large effects.

Since a lunar probe or satellite is thus influenced by the Earth, Moor, and
Sun, while any planetary probe will be critically influenced by some planet

as well as the Sun, it is clear that the three body problem will recur for
many future space missions., Already special cases of the three body problem
have been solved to a satisfactory degree, and it is planned in FY 1966 to
expand the wcrk into the more general cases which are imvolved in space flight.

Efforts will also be made to find mathematical methods, both analytical
and numerical, which could be used in determining the orbits of lunar satel-
lites to a high degree of accuracy. The mathematical methods for determining
and programming such an orbit are still untested and uncertain and preliminary
considerations have shown that many types of lunar orbits will be highly
unstable,

Similarly, there will also be efforts to improve the mathematical
analysis of spacecraft and aircraft structures. Problems in this field include
those of the strength of plates and shells for such structures, and of deter-
mining the requirements or limitations of modern aircraft to fly optimum
trajectories between two airports.



RESEARCH AND DEVELOPMENT

FISCAL YEAR 1966 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEMS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objectives of the Space Vehicle Systems Program are to identify and
solve the critical design problems associated with space vehicle launch and
ascent through the atmosphere, flight through space, entry into the atmosphere
of earth or cther planets, and landing. The program seeks to advance the
state-of-the-art on a broad front to permit the conception and development
of advanced vehicles and at the same time to solve critical technical problems
that may arise during the course of development of present generation space
venicles. .

The space vehicle during launch and ascent through the atmosphere must
cope successfully with a wide variety of problems which include 3zround-wind
loads, mecnarical vibration, intense acoustic noise, severe gusts and wind
gradients aloft, propellant sloshing, control forces, and many others. The
highest possible structural efficiency is required to achieve minimum weight
while assuriryg no structural failure. Flight through space takes place in an
environment of hizh energy charged particle radiations, meteoroids, high
vacuum, cold space and unattenuated thermal radiation from the sun, and is
further characterized by a condition of zero gravity, all of which must be
understood and dealt with by proper structural and system design. Return
to earth (or exploratory missions to the surfaces of other planets) is charac=~
terized by high speed atmosphere entry with its intense heating whicl: must
be well understood and accurately predicted and for which adequate thermal
protective structures must be devised. Research must be carried out in
aerothermodynamics, structures, and in the several disciplines associated
with the space environment by means of a variety of laboratory facilities
and by carefully selected flight experiments to provide the detailed techno-
logical knowledge required for the design of advanced space vehicles,

Major progress was made during the past year in a number of impcrtant
areas, Sigrificant highlights include two atmosphere entry flights; one,
Project Fire which measured the heating environment at 38,000 feet per second,
and the other, a Scout launched experiment which measured the behavicr of
an advanced ablative heat shield material in the heating environment at
28,000 feet per second. A preliminary flight program at the Flight Research
Center of a simplified light weight test vehicle of the M-2 lifting body
configuration was successfully completed and an extension of this program
was implemented by a contract for the construction of two all metal }M-2 and
HL-10 test vehicles with higher and more realistic planform loadings. The
Explorer XXI1XI meteoroid satellite was successfully orbited. An important
secondary experiment to measure launch vehicle structural response to severe
wind gradients aloft was successfully carried out during the Explorer XIII laurch.
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Substantial progress was also made in ground based research and included
the generation of new structural and aerodynamic concepts for planetary
entry probes and techniques for use in determining the properties and compo-
sition of the atmosphere of Mars, new high velocity particle impact results
contributing to our knowledge of the meteoroid hazard, and large scale
measurements of the acoustic noise field generated by the high velocity
hydrogen exhaust from a nuclear rocket.

During the coming year emphasis will be placed on further advancing the
technology of lifting entry flight through the extended M=2 and HL-10 flight
test program and through augmented laboratory research on heat protection
systems and in other areas. Corollary flight experiments to measure
turbulent boundary layer heat transfer and to determine the performance of
advanced ablative heat shield materials will be undertaken, Emphasis will
continue on determination of the meteoroid hazard, and a major milestone
in that program is expected within the coming year with the Saturn launchings
of Pegasus spacecraft with their 2000 square feet of meteoroid detection area,
Augmented effort will be given to research on the effects of high energy
radiation on space vehicle materials, components, and subsystems in the
Langley Research Center's new Space Radiation Effects Laboratory with its
600 million electron volt cyclotron,

Emphasis will also be placed during the coming year on accelerating
progress in the development of critical design criteria for space vehicles
incorporating taie most recent results of ground based research and flight
experiments in order to provide industry, the NASA, and other Government
agencies with vitally needed technical guidelines.

SUMMARY OF RESOURCES REQUIREMENTS:

1964 1965 1966
Supporting research and technology.. $24,951,000 $24,559 ,000 $24,000,000
Project FIRE.eiueeeeasosossonsoonsas 7,037,000 2,811,000 500,000
Scout reentry ,project.v.eieecscscces 305,000 750,000 5,000,000

Lifting body flight and landing

LeSES. . veesnssoesssesecsncasanse 1,200,000 1,500,000 1,000,000
Project Pegasus (Saturn-launched

meteoroid experiment)....iececeese 9,900,000 13,690,000 2,500,000
Small space vehicle flight

eXperimentsS. cvsvecesriassonasnsnnse 1,959,000 1,010,000 2,000,000
Scout launched meteoroid

eXPerimentS. cuueeeeeroersronasanna 362,000 175,000 -——

Total.e.veeineneennearonnns ceeses 845,714,000 $44,495,000 $35,000,000
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1964 1965 1966

Distribution of Program Amount by Installation:

Manned Spacecraft Center..eeecesess $629,000 $730,000 $855,000
¢+ Marshall Space Flight Center...... 13,569,000 16,744,000 4,490,000
Goddard Space Flight Centér.ceece. 878,000 956,000 930,000
Jet Propulsion Laboratory..ecesess 4,577,000 3,438,000 3,140,000
Ames Research Center...oecessssass 1,942,000 2,922,000 2,655,000
Flight Research Center..i.eeeeeecs 1,403,000 2,020,000 1,180,000
Langley Research Centér....ssve... 15,257,000 9,659,000 13,461,000
Lewis Research Centeri.ie.iececesss 3,186,000 2,326,000 1,770,000
NASA HeaduarterS.esecessassaseses 3,282,000 5,700,000 6,519,000
Western Operations Office......... 991,000 - ---
BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology

1964 1965 1966

Spacecraft aerothermodynamics....... $5,452,000 $5,242,000 $5,34€¢,000
Spacecraft Jloads and structures..... 4,495,000 5,209,000 5,560,000
Launch vehicle aerothermodynamics... 826,000 1,264,000 1,300,000
Launch vehicle loads and structures, 3,720,000 3,350,000 3,414,000
Space vehicl.e environmental factors, 7,506,000 6,745,000 7,105,000
Advanced space vehicle concepts..... 2,371,000 1,949,000 550,000
Space vehicle design criterid.cecea. 581,000 800,000 724,000

TOtaliuur v evsenannsannssnsnsanaess 924,951,000 $24,559,000 $24,000,000

Spacecraft Aerothermodynamics

The purpose of this research is to provide information on aerodynamic
heating and heat protection, advanced configurations, and landing and recovery.
This information supports existing vehicle development programs and provides
new concepts for future space vehicles,

Two successful flight research programs added materially to the aero-
dynamic heating technology during the past year. One of these prograns was
Project FIRE which measured the atmospheric entry heating at a speed of
38,000 feet per second where radiative heating 1s an important problem. This
experiment provided highly significant new flight data for correlation with
results of ground based research and theoretical predictions which have con-
tained considerable uncertainty. 1In the other flight, an ablative heat shield
experiment was flown on a Scout rocket at an entry velocity of 28,000 feet per
second, A large spread in the predictions of heat shield performance had been
obtained from ground based facilities. These flights, by providing aachor
point data, are contributing greatly to a better understanding oif test data
obtained in ground based facilities.
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In the field of manned entry vehicles, research continues on the lifting
body concept., This principle provides maneuverability during entry and the
possibility of conventional horizontal landing on land. Significant progress
was made in the past year at Langley and Ames Research Centers in defining
controllable configurations and in solving the stability problems., During
FY 1966, ground based research will emphasize high speed performance, stability
and contrcl, vehicle heat protection, and problems associated with abort and
emergency landings.

A preliminary flight investigation at the Flight Research Center of a
light weight test vehicle of the M-2 lifting body configuration has been
successfully completed. During the coming year heavier test vehicles of both
the M~2 and HL.-10 designs will be constructed and flown to study apprcach and
landing problems at weights more representative of operational vehicles,

Research has continued at the Manned Spacecraft Center over the past year
in an effort to provide other safe and reliable means of recovering manned
spacecraft. Landing of heavy spacecraft, in the order of 10,000 pounds, would
now require the use of multiple parachutes to provide a descent speed low
enough to assure the safety of spacecraft and astronauts. These systems are
heavy, require large stowage volumes, and are difficult to make reliabtle.
Research has lead to a single large parachute (capable of recovering a 10,000
pound spacecraft) with greatly increased reliability., During FY 1966 this
program will emphasize further reduction in weight of the single parachute
system and will continue research on other concepts, such as steerable para-
chutes, parachute retro-rocket systems and light weight variable drag devices.

Spacecraft Loads and Structures

The purpose of this research program is to provide new concepts and new
analytical and experimental tools for the structural design of spacecraft,
The program encompasses: advanced structural concepts, new applications of
materials, deiinition of loads, techniques for analyzing and testing structural
response and structural failure, protection against entry heating and the
hazards of space, storage of cryogens during long periods of space flight, and
protection of components against vibrational environments and landing impact.

In the area of advanced structural concepts, a number of concepts have
been generated which are sufficiently promising to warrant further evaluation
in FY 1966, One example is an expandable airlock system which could be used
for servicing or rendezvousing operations between space stations and spacecraft.
The airlock is capable of compact storage and expansion by virtue of the
application of elastic foam as part of its structure. A gas-tight liner prevents
loss of internal air pressure. Tensile loads due to pressure are carried by
a knitted structure. Protection against the space enviromment is achieved by
a reflective outer shield and the meteoroid protection characteristics of the
foam inner layers.

During the many operations of space vehicles, electronic and structural
components are subjected to high frequency vibrations. This is an important
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and complex prodblem occasionally resulting in mission failure but more often
causing serious weight penalties resulting from overdesign. Methods of pre=-
dicting space vehicle loads and load transmission through structures are
inadequate, as are current methods of isolating vibrations and of proof testing
spacecraft to ensure against failure resulting from vibrations, Research at
the Goddard Space Flight Center and Langley Research Center will concentrate

on these problems in FY 1966.

The importance of hydrogen as a fuel for future space missions is well
recognized., The current program to meet the requirements for storage of
hydrogen and other cryogens in space for periods greater than a few weeks will
be continued in FY 1966. This research, under way,at the Lewis Reseaich Center
and Marshall Space Flight Center, is emphasizing the important problems of
thermal and meteoroid protection, selection of materials, and the design and
fabrication of cryogenic tanks,

Launch Vehicle Aerothermodynamics

The Launch Vehicle Aerothermodynamics program is concerned with the study
of new launch vehicle concepts and with the solution of heating, aerodynamic,
and related problems of current and future launch vehicles. Among the impor=-
tant specific problems are base heating from rocket exhaust and the generatiomn
and propagation of intense acoustic noise.

One objective of this program is to develop feasible concepts for recover-
able launch vehicles. Attention will be given to methods for recovery of
present types of vehicles using auxiliary devices and to advanced types of
vehicles designad to have flight characteristics appropriate to recovery.

Another current objective of the program is to find solutions to the base
heating problems of large multi-engine launch vehicles. Research has shown
that a contributing cause of these problems is the burning of the fuel-rich
exhaust gases from the turbopumps in the base region. This will be explored
further in the coming year. Research will also continue on theoretical and
experimental methods of predicting the amount of radiative and convec:ive base
heating contributed by the rocket jets, the recirculation and burning of
unburned gases from these jets, and the burning of entrained waste gases. The
work includes the development of inexpensive experimental methods of determining
base heating on models and the establishment of appropriate scaling laws.

In the area of research on noise generation and propagation, comprehensive
measurements were made for the first time during the past year of the acoustic-
noise field g2nerated by the high velocity hydrogen jet exhaust from a nuclear
rocket (KIWI)., These, and similar experiments, will provide important infor=-
mation for tha structural design of nuclear powered space vehicle systems and
components and of test stands and surrounding buildings. Research on rocket
noise generation will continue in FY 1966 with emphasis on providing improved
understanding of the mechanism of noise production in high velocity jets.

In a relataed field, the effects of atmospheric conditions on the propaga-
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tion of noise are under study. It has been found that temperature inversions

and local winds cause focusing of sound waves from rocket test stands which can
result in structural damage at distances from the test site normally considered
safe, Research is continuing on sound propagation under a variety of atmos=-
pheric conditicns quickly and accurately so that static tests of large boosters
can be scheduled with less fear of building damage or disturbances to communities,

Launch Vehicles Loads and Structures

The purpose of this program is to derive and evaluate advanced structural
concepts and new materials applications for launch vehicles; to define the
loading to which the structures will be subjected; to improve analytical and
experimental methods of determining structural response to loads; and to
develop means of proof testing launch vehicles to ensure against failure.

Ground winds to which large launch vehicles are subjected on the launch
pad constitute a major design load for these structures. Experimental
research with scaled models in low speed wind. tunnels, conducted by the
Langley and Ames Research Centers, and related research at Marshall Space Flight
Center, has produced important information on the nature of these loads and
the structural response of launch vehicles. Approximate methods for predicting
loads on full scale vehicles have been developed. During the coming year these
analytical methods, and the scaled model results, will be evaluated and com-
pared with full scale tests,

A seconc. important objective of this program is an understanding of the
dynamic loads imposed on launch vehicles during powered flight. These loads,
caused by wird shear, thrust vectoring, fuel slosh, and aerodynamic flow
instabilities, have caused structural failure in launch vehicles. Research
on launch vehicle structural dynamics will continue at the Langley and Ames
Research Centers and the Marshall Space Flight Center in FY 1966, Typical of
the problems considered is that of reducing the structural loads caused by
sloshing of rocket fuel in tanks during launch. Promising results are being
obtained with a technique utilizing flexible baffles which inhibit sloshing.

Space Vehicle Environmental Factors

The objective of this research program is to provide understanding and
detailed technical knowledge of the space environment and its effects on
spacecraft and their systems to insure proper and efficient design and
operation, The research includes high energy space radiation effects and
shielding, the meteoroid hazard, hard vacuum, thermal radiation effects and
temperature control, and the bzhavior and control of fluids in zero gravity.

The high energy radiation environment is detrimental to equipment and
hazardous tc man., A major research program is therefore being conducted to
determine the effects of charged particle radiation on space vehicle equipment,
to understand the damage mechanisms involved, and to develop radiation shielding
techniques. The completion in FY 1966 of the Langley Research Center's new
Space Radiation Effects Laboratory will greatly enhance the capability for
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research on radiation effects in materials, components, and subsystems.
Investigations under way to determine the shielding effectiveness of warious
materials against space radiation will continue., Experimental radiation
penetration results recently obtained by researchers in industry and at the
Oak Ridge National Laboratory under contract have compared favorably with
theoretical calculations, leading to greater confidence in these methods.
Theoretical and experimental laboratory research is being pursued to develop
new shieldinz concepts involving electrostatic and electromagnetic phenomena
which may result in apprecilable savings in weight for future space vehicles,

Meteoroid penetration of pressurized cabins, propellant tanks, or the
radiators of nuclear power systems could be catastrophic. Erosion of surface
coatings by the smaller particles could have serious effects such as creating
undesirable changes in the temperature balance. Current information on the
meteoroid environment and on the mechanism of hypervelocity impact by meteoritic
particles is seriously limited, and therefore a broad research program including
both laboratory and flight experiments is under way. In the program o define
the meteoroid hazard, a second satellite of the S=55 class, Explorer XIII, was
successfully orbited during the past year. A major milestone 1s expected
during the coming year with the Saturn launchings of Pegasus spacecraft,
with their 2,000 square feet of meteoroid detection area. 1In addition to
flight experiments, meteors entering the Earth's atmosphere are being studied
using radio reflection techniques by Harvard College Observatory under contract.
Laboratory studies will be continued to obtain an understanding of the physics
of hypervelocity impact., Preliminary data on particle size effects have been
obtained by the Ames Research Center which may explain existing discrepancies
found in flizht between impact experiments using microphones and penetration
experiments using thin wall detectors such as pressurized cells. Laboratory
testing, however, is still limited by the inability to simulate meteoroid
particles sizes and velocities in the most critical ranges of these quantities.
Emphasis will consequently be given to the development of promising techniques
for achieving better simulation,

The zero-gravity fluid behavior program involves research on the effect
of weightlessness on the static and dynamic behavior and heat transfer phenomena
of liquids and vapor. Problems of separating and positioning of liquilds and
vapors, liquid pumping, and venting of vapors are common to spacecrafl systems
such as propellant tanks and water supply tanks. Drop tower tests at the
Lewis Research Center have produced a good understanding of the behavilor of
fluids and vapors in static equilibrium conditions of weightlessness., Efforts
to understand the dynamics of fluids under low accelerations and to improve
the capability for extrapolating small scale results to full scale systems are
continuing. Flight experiments of fluids under weightless conditions are being
conducted to study behavior which takes place more slowly than can be studied
in the short test times provided by our drop tower research facilities,

Current evidence shows that spacecraft material properties can undergo
serious detrimental changes when exposed to the extreme vacuum of space. 1In
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the high vacuum technology area, the over=-all objective is to advance our
laboratory capability to simulate, maintain, and measure the very low pressure
or density associated with space vacuum and thus achieve a more definitive
research and development capability for testing space vehicle materials,
components and systems. Research will be focused on producing cleaner deep
vacuum conditions in chambers by capture of most gas molecules, and oa improving
of vacuum instrumentation.

An important and complex spacecraft design consideration is that of
maintaining component and cabin temperatures within narrow limits. Where the
solar heat input remains constant or is cyclic, passive thermal coatings can
be used effectively. Where this is not the case, such as in interplanetary
flight, active systems which are able to alter the thermal characteristics of
the vehicle are required. Research is being carried out on thermal coatings
which change their absorption or heat emmission characteristics automatically
with changes in temperature, or which vary their characteristics through
application of electric or magnetic fields. Major advances have been made in
passive coatings which are stable in the ultraviolet space environment. The
resistance of these coatings to high energy radiation is still questionable
and will require further research. The ability to ground test thermal performance
of spacecraft is hampered by our inability to simulate adequately the solar
spectrum in laboratory facilities. The program to improve this capability
includes the development of improved calibration and spectral intensity
monitoring techniques, as well as improved methods of thermal balance measure-
ment and computation.

Advanced Space=-Vehicle Concepts

This program looks beyond the present generation of spaceflight projects
and attempts to define problems of the next generation of spacecraft. Potentially
attractive missions for future NASA spaceflight programs are analyzed with the
objective of identifying those where major advances in technology will be
required or where feasibility will depend upon new innovations.

During the past year studies of this type have been made in a number of
important areas., These have included, for example, recoverable launch vehicles
and alternate approaches to recovery which emphasize simplification to reduce
booster costs, advanced logistic spacecraft of the lifting entry type, large
orbiting telescopes in association with manned orbiting laboratories, new
probe and probe lander concepts for determining the atmosphere of Mars, and
vehicles and techniques for manned Mars exploration missions.

The studies of launch vehicle simplification have produced a potentially
attractive concept involving the placement of the more complex and costly
elements, such as steering controls and high energy, liquid fuel, upper stage
rockets, in the spacecraft itself, which would be recovered, and reducing the
lower vehicla stages to the simplest possible configuration which could be
economically discarded after use.

The studies of unmanned planetary probes have produced several promising

RD 14-8



new concepts of spacecraft and techniques for the direct measurement of the
structure and composition of the atmosphere of Mars, which will be a prereq-
uisite to the confident design of more complex unmanned spacecraft intended
for soft landing on the surface of Mars.

The manned Mars mission studies resulted in the discovery of a dramatic
technique for reducing markedly the total propulsive requirements for the
Mars trip. The technique involves selection of a particular Earth-Mars
trajectory which passes close enough to the planet Venus that the spacecraft
trajectory is bent sharply by the planet's gravitational field as it passes by,
This 'swing=-by'" maneuver alters the spacecraft's direction of approach to
either Mars or the Earth in such a way that the spacecraft is moving more
nearly in the same direction as the target planet at the approach. The result
is a much reduced relative approach velocity and hence a much lower deceleration
requirement for the Mars or Earth landing.

In FY 1966 research in this program will examine in considerably greater
depth the vehicle and systems design problems to identify further the techno-
logical needs and research requirements in specific problem areas such as
landing systems, heat protection, communications, and aerodynamics. Particular
emphasis will be given to ummanned Mars atmosphere probe technology, advanced
maneuverable entry vehicles for near earth flight application, and recoverable
launch vehicles.

Space Vehicle Design Criteria

Several failures of space vehicles resulting from inadequate design and
testing procadures have clearly indicated the need for engineering design
criteria for the guidance of the designers of future space vehicles. The basic
objective of this program is to develop and disseminate such criteria, and thus
to improve reliability of space vehicles and reduce costs of future space
programs through the uniform application to design of up-to-date technical
knowledge.

The products of this program are design criteria monographs for use by
NASA and industry in the engineering design of future space vehicles. These
monographs provide an important means of ensuring the availability to engineers
of an appropriate formulation of the latest knowledge, based on both operating
experience and research. It is expected that these design criteria documents
will have an important effect in reducing or eliminating many causes of potential
failure of future vehicles.

The program encompasses preparation of criteria in several areas of
design, including structures, propulsion, and guidance and control; and in the
terrestrial and space environments which give rise to design problems. The
work is presently being carried out at six Installations; at the Jet Propulsicn
Laboratory; and, through contracts, at the U.S. Weather Bureau, six aerospace
companies, and one university. FY 1966 funds will provide for continuing and
expanding the contract program necessary to accelerate completion of urgently
needed criteria,
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Several criteria monographs pertaining to the structural dynamic design
problems of buffeting and flutter were disseminated to industry and other
Federal agencies in FY 1965, Currently about forty additional criteria
monographs, dealing with other design problems and with the natural environment,
are in various stages of preparation,

Project FIRE

1964 1965 1966

Spacecraft and support services... $7,037,000 $2,811,000 $500,000

Atlas (Launch vehicle
Procuremerit Program).......... . (1,786,000) (972,000) ( -

Total (including launch
vehicles)....... ceeens veeses.. ($8,823,000)($3,783,000) ($50C,000)

This project investigates the heating environment around an Apollo shaped
spacecraft during reentry at speeds near 37,000 feet per second. Flight tests
are required to provide critical anchor point data for validating results from
laboratory test facilities and to provide guidance for application of theoreticszl
as well as experimental reentry data.

The FIRE I spacecraft was successfully flown on April 14, 1964, It provided
the first flight measurements of total heating and radiative heating &zt a
velocity of 38,000 feet per second on a large size body. The data defined the
gross heating levels in this severe environment and provided a necessary inter-
pretation of results from ground based facilities and theoretical predictions,

A second reentry (FIRE II) is planned near the end of FY 1965. 1In view
of the success of the first flight, the reentry sequence has been altered to
provide addit:lonal information to complement the results in hand, including
measuremerits at maximum heating. The trajectory has also been shifted slightly
to favor measuring important sources of gas radiation with a special high
resolution, ground based tracking spectrograph to aid in a more complete
understanding of the reentry heating environment,

FY 1966 funds are required to complete operations for FIRE II anc to
analyze and publish the results. Under the management of the Langley Research
Center, this project employs Republic Aviation Corporation as a prime contractor
for the reentry package, Ling-Temco=-Vought as contractor for the velocity
package, and General Dynamics/Astronautics as systems integration contractor
and launch vehicle supplier,
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Scout Reentry Project

1964 1965 1966

Spacecraft and SUPPOrt..cecsccseccs $305,000 $750,000 $5,000,000

Scout (Laurch vehicle ‘
Procurement Program).......c.c.. (1,000,000) (1,000,000) ( --=)

Total (including launch
VEhiCles) . veeueeoereroeeanooos ($1,305,000)($1,750,000) ($5,000,000)

The performance of a reentry heat protection system is determined by a
complex intexaction of the physical and chemical properties of materials at
high temperatures and the characteristics of the heated air surrounding the
spacecraft, It is not presently possible to reproduce simultanecusly, in
any existing zround based facility, the proper combination of all parameters
known to be of importance in the performance of a heat protection system during
atmosphere reentry. This project is designed to provide a series of f{light
experiments, »tilizing the Scout launch vehicle, which will obtain data essenticl
to current major flight projects and will lead to more reliable interpretations
of test results from ground based facilities.

The Scout reentry materials payload ''Reentry D', was successfully flown
in August 1964, The material flown was a candidate material for the #pollo
heat shield. Ground based facilities variled in their predictions of the
performance of the heat shield and none of the facilities accurately predicted
the actual performance of the material., The flight provided an important
anchor point for the ground based facilities and a large ground based program
is now under way to determine why the material behaves as it does and why the
facilities do not predict the material performance more accurately.

Scout: experiment 'Reentry E'' will be flown early in FY 1966 with a phenolic
nylon heat shield material. Phenolic nylon is probably the best understood
heat shield material based on laboratory experiments, but has not beer. flown,
The material shows great promise for certain types of flights such as the
ballistic or near ballistic atmospheric entry.

Next, two different payloads plus back-up payloads will be built, using
different elastomeric materials, Elastomeric materials appear promising for
the long flight time of the lifting body entry and for the low density payload
required for Mars missions. The payloads will be blunted cones and ore payload
may carry simulated flaps in order to study the region around the flag.

Another critical problem to be investigated in this series is the deter-
mination of transition Reynolds number and turbulent heating rates. The
Reynolds number of transition from laminar to turbulent flow decreases with
increased speed up to low hypersonic speeds, and then increases rapidly at
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higher speeds. At these higher flight speeds (20,000 feet per second) there
is great uncertainty as to the Reynolds number at which transition occurs.

Few flight data on turbulent heating rates exist. A flight experiment will be
made to provide a check of the semi-empirical turbulent heating theories at
high velocities, A slender cone will be flown at 20,000 feet per seccnd. Two
payloads and one back=-up are required,

Lifting Body Flight and Landing Tests

1964 1965 1966

Flight vehicle and support services, $1,200,000 $1,500,000 $1,000,000

The lifting body configuration as a future spacecraft promises better
maneuverability on Earth reentry than Apollo and Gemini and has the capability
of conventional airplane type horizontal landing.

During the past year, the light weight lifting body glider flight program
was completed, This lifting body test vehicle has been built at an approximate
cost of $20,000 by the Flight Research Center. The flights demonstrated that
a light weight: vehicle could be landed successfully.

Also during FY 1965, a fixed price contract was signed with Norair Division
of Northrop Corporation to build two metal, lifting body glider configurations:
one, the Langley HL-10 and the other the Ames M=2, These vehicles will be
carried to an altitude of 40,000 feet and a speed of about Mach number 0.8
then released to glide back to Earth. These vehicles, which represent different
concepts of lifting bodies, are being built to study the problems associated
with flying at high subsonic speeds and landing a vehicle which has planform
loading equivalent to what could be expected from an actual space vehicle.
During FY 1966, the flight test program will begin with flights of the M-2
scheduled in the Fall of calendar year 1965. First flight of the HL-10 will
be about six months later,

The funds in FY 1966 will provide for flights that will include pilot
familiarization with the vehicle, and studies of effects of center of gzravity
change and variable planform loadings.

Project Pegasus (Saturn-Launched Meteoroid Experiments)

1964 1965 1965

Spacecraft and SUppPOTrt..cecesssesse $9,900,000 $13,690,000 $2,500,000

To determine the severity of the meteoroid hazard to spacecraft, direct
measurements acre required in the space environment to obtain actual penetration
rates in spacecraft materials. The Explorer XVI (Scout launched experiment)
has provided the first statistically significant penetration rates in thin
materials.
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These experiments, to be launched into near Earth orbits on development
flights of Saturn I launch vehicles, will expose to meteoroid penetration an
area almost 100 times that of the Scout launched experiments. This will permit
measurements of the frequency of penetration of metal surfaces as thick as
0.016 inches, approaching nominal vehicle wall thicknesses used in prcpellant
tanks for Apollo and other projects. FY 1966 funds will permit the launching
of the third spacecraft.

The Pegasus spacecraft, operating a few hundred miles from the Earth,
will provide a good measure of the penetration power of meteoroids in the
near-Earth environment, While it is generally assumed that the meteoroid
hazard decreases in severity with increasing distance from the Earth, not
enough is known about the variation in meteoroid flux with distance from the
Earth to permit taking this factor into account in spacecraft design. Some
theories alsc indicate that there may be focusing factors, and thus points of
severely increased hazard, between the Earth and the Moon, The assumptions in
these theories are sufficiently uncertain that it is not possible to say
whether or not these areas of increased hazard actually exist,

Upon analysis of the flight data from the Earth orbiting Pegasus space-
craft, it is planned to proceed with the study of the systems requirement for
conducting similar experiments in a highly elliptical orbit to define the
meteoroid penetration hazard in the region of space between the Earth and the
Moon, Funds provided in FY 1966 will be used for project definition studies
and preliminary design of the experiment,

Small Space Vehicle Flight Experiments

1964 1965 1965

Behavior and handling of cryogenic

propellants at zero G.ossessssssas $1,050,000 $255,000 -———
Wind-shear measurementSe.eecescccocsca 117,000 25,000 $95,000
Meteor simulatioN.eecesecenccceccnses 640,000 650,000 325,000
Reentry detectionssesccesceceoscccos 63,000 80,000 —--
Materials correlation and structures

LEStSe seessscvescaccoscssossnoanos -—- -== 1,580,000
Meteoroid peaetration probe.ccsscces 89,000 -——- ———

TOta]L""r-onco-o-.--oo-o-.nooo--- §1‘959.000 §l’910’000 _§_2}_0,001,000

The objective of this continuing project is to provide for selected flight
experiments using small rocket launch vehicles to verify results obtained in
ground based facilities and to investigate problems which can only be studied
under environmental conditions which occur in actual flight. Current and
recently completed experiments include the following:
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Behavior and Handling of Cryogenic Propellants at Zero G

Work on the handling of fuels and other fluids under weightless conditions
is being pursued in flight experiments to study behavior which takes place
more slowly than can be provided for in drop towers or other ground based
facilities. Data from previous experiments in this project have established
the rate at which heat will be transferred from the tank walls to the cold
fluid, causing boil-off and resultant waste of fuel. 1In FY 1966 fligat
experiments will be conducted to extend this initial understanding to more
complex problems of dynamic behavior of fluids such as fluid pumping, tank
spinning or tumbling, and dynamics at engine restart.

Wind Shear Measurements

Measurements of the statistical distribution of wind velocities :in the
vicinity of major rocket launching bases (to provide criteria for design of
launch vehicles to withstand the loads resulting from wind shear forces) are
being obtained for altitudes up to 70,000 feet using Nike boosters wit:h smoke
producing nose cones,

Meteor Simulation

Experiments are being conducted to provide data at velocities up to
90,000 feet per second on the luminous efficiency, heat transfer, ablation rate,
and ionization efficiency of simulated meteors of known mass, composition,
material, shape and size. From the results of these tests, the gross heating
experienced by natural meteors can be determined and meteoric entry plkenomena
can be establislhed.,

Materials Correlation and Structures Tests

The factcrs known to affect the performance of ablation materials are
heating rate, shear stress, stream composition, duration, enthalpy and”size.
It is possible in existing ground based facilities to simulate simultaneously
some but not all of these factors., Results of flight experiments in the past
year have indicated a strong need for better comparison between results of
flight test and results from ground based facilities for validation of the
ground based data.

The planned flight experiments will require two payloads plus a back=-up
payload, The materials flown would be strong elastomeric materials suitable
for Mars entry, The planned flight experiments have been formulated in such
a way as to complement and extend information gained from the ground based
facilities and other flight experiments,
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1966 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY ELECTRONIC SYSTEMS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of this program is to provide the necessary advances in
technology to assure the availability of reliable and efficient electronic
components for future aeronautical and space flight missions. Research is
conducted in the laboratory on the problems of guidance, control, communica-
tions, tracking, instrumentation, and data processing systems. Small flight
experiments are used to confirm results of laboratory research and, in some
cases, to obtain solutions to problems which cannot be studied adequately in
the laboratory.

SUMMARY OF RESOURCES REQUIREMENTS :

1964 1965 1966
Supporting research and
technoleogy.....covvvvnnn ceeees $26,380,000 $23,322,000 $30,000,000
Small flight projects............ 2,320,000 2,100,000 4,400,000
Total...iveviiiieeineeroeanns $28,700,000 $25,422,000 ggéﬁaoo,ooq

Distribution of Program Amount by Installation:

Manned Spacecraft Center....... $1,079,000 $475,000 $880,000
Marshall Space Flight Center... 4,644,000 3,469,000 4,525,000
Goddard Space Flight Center.... 3,274,000 2,797,000 3,035,000
Jet Propulsion Laboratory...... 2,806,000 2,727,000 3,200,000
Ames Research Center........... 2,399,000 3,650,000 3,390,000
Electronics Research Center.... --- 1,873,000 5,000,000
Flight Research Center......... 1,072,000 1,103,000 1,400,000
Langley Eesearch Center........ 8,848,000 6,390,000 9,120,000
Lewis Recearch Center.......... 463,000 445,000 580,000
NASA Headquarters.............. 4,087,000 2,493,000 3,270,000
Western Operations Office...... 28,000 --- ~—-
BASIS OF FUND EREQUIREMENTS:
Supporting Research and Technology
1964 1965 1966
Guidance SyStems.....ceeueeennnss $4,723,000 $4,800,000 $6,200,000
Control systems..... e e 6,596,000 5,660,000 6,000,000
Communications.......oocvvuun.. .o 5,156,000 3,960,000 5,900,000
Tracking and data acquisition.... 2,897,000 2,750,000 3,800,000
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1964 1965 1966

Data handling and processing..... $3,102,000 $3,040,000 $4,100,000
Instrumentation.......coeeeeceeess 3,906,000 3,112,000 4,000,000

Total. .. oiieriineeneceannannns $26,380,000 $23,322,000 §§g,000,00q

Guidance Systems

The guidance system research program is directed towards the derivation
of informaticn necessary to understand and design simple, reliable and light-
weight sensors, reference elements, and associated components which make up
a guidance system. The program emphasizes technique and component research
in inertial, optical, and electromagnetic phenomena for application to
sensing and reference functions. Digital computer technology is explored as
a means for implementing guidance equations and processing navigational data.
Trajectory analysis provides the framework for examining energy requirements,
error analyses, and sensor and data processing trade-offs for any speczified
space mission.

The objective of research in inertial components is to develop longlife,
high performance, low power devices for future spacecraft guidance and
attitude control systems. Typical uses include flight path corrections,
autopilot control, and orbit plane determination. Initial investigat:ions
in one area, for example, have demonstrated the feasibility of the 'friction-
less" electrostatically suspended gyro (ESG); the follow-on program by
Honeywell, Incz,, under the direction of Jet Propulsion Laboratory will begin
the developmeant and testing of flyable prototypes.

One objective of the research on optical devices is to improve the
performance of automatic space navigation equipment, such as electro-optical
star trackers and star wmappers. But increasing emphasis is being placed on
the search for new techniques which will make on board guidance systems,
particularly of manned vehicles, less dependent on complex automatic or
remotely operated systems. Thus, for example, for manned space flight, the
incorporation of manually operated sextants into the navigation computation
loop could significantly reduce computer complexity and the size and weight
of overall navigation equipment. Research at the Ames Research Center,
utilizing space flight simulation techniques, is expected to lead to the
development of simple hand-held sextants and the techniques for using them.

In the field of digital computer research, emphasis is curreatly on the
problems cf developing small, light weight, high performance computers for
on board applicztions. Some of the most promising results of this research
so far are comirg from exploratory work on new computer concepts at the Jet
Propulsion latoratory. Included in this program are the development of a
prototype magretic-logic computer and investigations of self-organizing
computer techniques. This work will continue as part of the FY 1966 rasearch
program in guidance computers.
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The derivation of guidance equations and guidance system requirements is
based on the analysis of trajectories related to the various mission wbjec-
tives. Past work in this area has established basic trajectories to he moon
and nearby planets. Continuing studies at Marshall Space Flight Center, Ames
Research Center, Jet Propulsion Laboratory, Electronics Research Center, and
Langley Research Center, are now seeking simplified guidance equations for
use with these trajectories, and exploring new trajectory problems such as
those associated with low level, long duration thrusting systems typical of
electric or nuclear propulsion.

Control Systems

Research in this program establishes the technology and design require-
ments for contcrol systems of aerospace vehicles, Problems studied include
those of manned and automatic flight control, spacecraft attitude stabiliza-
tion, and the development of improved research techniques. Along witl the
applied research, a program of theoretical and basic research is carried out
in related fields. Specific objectives include: improvements in displays
for manned vehicles, development of adaptive automatic controls, econcmical
methods for long life satellite stabilization and more accurate pointing
techniques foirr optical communication devices.

Researclh in recent years on the problems of designing control systems
intended for use by man in controlling spacecraft and high speed aircraft has
emphasized the need for the application of mathematical techniques to the
description cf human response characteristics. Mathematical descriptions of
the human operator for complex control tasks are now under develovment at
Langley Research Center, Massachusetts Institute of Technology, anc the
University of Michigan.

In the field of attitude stabilization, a dominant problem during the
coming year will be the development of systems for long term service
satellites (e.g., communications, meteorological, and navigation satellites)
which require constant, or frequent, attitude reorientation. Present active
methods utilizing gas jets are not satisfactory because of fuel requirements.
Passive stabilization systems, which utilize natural forces as energy sources,
appear promising. Gravity gradient attitude stabilization systems for
satellites have been studied extensively at Ames Research Center. This
principle utilizes the Earth's gravity both to establish an attitude ra2ference
and as a source of power for aligning the vehicle in the desired attitude.

An application of this principle is presently being considered for use on the
Applications Technology satellite. Further development of passive schiemes
for control purposes will continue during FY 1966. .

The investigation and design of suitable components for electronic
systems is an important part of the control systems research program.
Electrical, electronic, and mechanical components of a wide variety are
included. For example, a brushless DC motor has been developed by the
Sperry Company for the Goddard Space Flight Center. The DC motor, whi.e
optimum for application to satellite electrical power systems, has not been
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used because brushes wear rapidly in the vacuum of space. The brushless
design has shown high reliability when operated in a vacuum and motor
electrical efficiencies of 60 percent, as much as twice that available in the
conventional DC motor, are obtainable over a wide operating range.

In the continuing program to refine research techniques in the control
systems field, significant progress was made during the past year on the
problem of processing the large amounts of data gathered from ground based
simulation experiments. NASA sponsored research by Bolt, Beranek & Newman
has produced a technique of using a digital computer on line with the
experiment to process data immediately and display significant results. This
will allow the experimenter to modify his experiment in light of results,
expand his comprehension of the problem, and effect significant reductions in
cost, Efforts to apply these techniques to NASA flight control simulators
will continue in Fiscal Year 1966,

Communications

The objective of the NASA research program in communications is to
provide the technology for increasing the data transfer capability of space-
craft by providing advanced techniques and components applicable to space-to-
ground commur.ications., Advanced satellites and deep space probes require
smaller, lighter, more powerful and more reliable equipment than is presently
available in order to transmit information without unduly consuming space-
craft payload weight, Particularly critical are the requirements imposed on
a communications system by manned or unmanned space probes to Venus, Mars
and beyond.

To improve the ability to transmit information from a spacecraft,
research is underway to improve the efficiency and power handling capabili-
ties of microwave devices. Microwave tubes to be employed as amplifizrs in
the ten watt range will be available in calendar year 1966. Efficient tubes
in the 20-100 watt range are currently under experimental investijgation by
the Langley Research Center. It is expected that results of this program will
provide space qualified tubes with good efficiency by calendar year 1767.
Studies will be undertaken in FY 1966 for even more powerful tubes, 500-1000
watts, to mest system requirements of the mid-seventies.

During FY 1965, studies were initiated on the propagation of sub-
millimeter waves. Detailed data on propagation through the Earth's aimosphere
in this portion of the spectrum is not available and must be obtained before
deep space-to-ground communication systems operating at these frequencies
can be designed. During FY 1966, work in this area will also include com-
ponent development and system studies. It is expected that the weight and
size of these components will be less than those of corresponding microwave
components, due to the shorter wavelength involved, and that systems operat-
ing at these frequencies will have increased data handling capability. The
bulk of the rasearch will be under the program direction of the Electronics
Research Centear,
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One of the most important developments in the optical technology field
for application to communications is the laser. A program to determine the
effects ¢f the atmosphere on optical frequencies, such as attenuation, re-
fraction, feding, phase distortion and pulse shape distortion, is underway.
This program will contribute to the understanding of these effects and permit
the development of more efficient techniques for propagation of energy
through the atmosphere at optical frequencies,

Thin film and microelectronics research performed to date has achieved
reliable thin film and semi-conductor integrated components and circuits of
less size and weight than the conventional approach. Continuing efforts to
enhance the reliability of electronic circuits is required as well as
techniques to zchieve a family of low power devices. Research on methods
to achicve wicropower devices through the use of selected components and
revised circuit design was initiated in FY 1965 by Langley Research Center
and will be continued in FY 1966. In addition to the low power requirements,
emphasis will also be placed on small size, low weight, improved reliability
and increasec resistance to radiation.

Applications of microelectronic devices to subsystems of the Saturn V
vehicle have been initiated at the Marshall Space Flight Center. Selected
electronic subsystems will be constructed using microelectronic components,
and flown piggy back on developmental flights to determine performance
capabilities and study potential reliability improvements. This program will
continue in Ty 19066,

Tracking and Data Acquisition

The objective of research in this area is to improve accuracy in the
determination of the orbital parameters of a spacecraft, and to enhance
data acquisition capability of ground based tracking systems. Improvad
accuracies of orbital parameters are necessary for the understanding of
geophysical characteristics and variations in the Earth's gravitational
field.

Laboratory experiments were initiated in FY 1965 on the use of optical
methods for the acquisition of data from a spacecraft. Since such a system
would eliminate the nced for a transmitter aboard the spacecraft, it would
increase reliability of the overall system and decrease spacecraft weight.
Results to date have demonstrated the feasibility of data transfer thiough
the distortion of thin Mylar membrances coated with reflecting materials.
This effort will be continued in FY 1966 to improve efficiency and investi-
gate the use of other phenomena such as molecular structure as mcdulai:ion
mechanisms.

During ¥Y 1965, research in the use of optical tracking techniques was
concentrated largely in laser component development and system studies.
Effective use of the very narrow beams characteristic of laser devices
requires extramsly accurate pointing and position control. Studies of:
techniques for 2lectronically sensing and controlling the position of the
laser beam have been initiated. This work will be continued in FY 19¢66.
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Research on microwave antennas to achieve increased data acquisition
capability is concentrated in the improvement of spacecraft antennas and
the arraying of parabolic dish antennas to obtain a large effective aperture
for ground based stations. The research on antenna arraying is being
conducted by the Langley Research Center and the Goddard Space Flight Center.
A prototype model of a nine foot diameter spacecraft antenna erected from a
one foot diameter folded package has been developed by Goodyear Aircraft
Corporation under the direction of the Jet Propulsion Laboratory. This
research will be continued in FY 1966. In addition, feasibility studies are
planned in FY 1966 of the use of large antennas placed in space as satellites
of the Earth for tracking and data acquisition as well as for radio astronomy
purposes,

Data Handling and Processing

The wvarizty and number of on~board and ground based data processing
applications are increasing rapidly at the present time. Concommitantly with
such broadening of application, marked changes in equipment and techniques
are occurring, They include improved means of direct, rapid (''real time')
cormmunication between computers and users; higher capacity, fast data
storage units ("Memories'); and greater use of data processing systems to
enhance man's capability to make complex logical decisions.

In FY 1956 work will continue on the 'continuous ferrite' plate memory.
Recently, large single planes, each containing many elements, have been
fabricated successfully by Radio Corporation of America. The problems of
reproducibility of perfect planes, reliable interconnections and the cesign
o’ associated microelectronics require further investigation. Both aero-
space and ground based data handling capabilities will be augmented signif-
icantly as these very high capacity, small, rapid, digital memories become
generally ava:lable.

The research on systems and techniques for the processing of TV signals,
both on=-bcard the spacecraft and on the ground, has been concentrated in two
primary areas recently: In the one, advanced equipment has evolved for
ground testing of various electronic configurations and for switching TV
electrical signals among various media; oscilloscopes, magnetic tapes, optical
elements, and so on. In the other, theories have been evolved, and some
equipment made and successfully tested, utilizing advanced concepts in the
substantial reduction of the number of data that must be transmitted from
spacecraft tc ground to ensure accurate recreation of the scene at the view-
ing terminal. VFlyable prototypes are being designed at Goddard Space Flight
Center.

Research on techniques to improve the efficiency of computer utilization
has led to the development and acquisition of equipment to enable simultane-
ous, direct, '"real-time' operation of computers by a number of users. Some
of these devices are now in use at Langley Research Center and Lewis Research
Center both as cperational equipment and as research tools to study problems
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related to sharing of large computer facilities among a number of users.
Problems associated with cooperative solution of difficult computing problems
through cdirect communications between the computer and scientist will also be
studied. Successful solution of these problems will reduce requirements for
additional progranming specialists and contribute to more efficient use of
large computational complexes. These efforts will continue in FY 1966,

Reduction of the amount of data transmitted from space vehi:les to earth
is a continuing goal of research in data compression techniques. One approach,
under investigation at Jet Piopulsion Laboratory, is a system known as
"Previous Element Coding' for use in video data processing. 1In this scheme,
the picture taken by the spacecraft camera is divided into elements which
are classified and coded according to their relative brightness (''gray level'),
The elements are automatically scanned and compared with adjacent elenents.

The spacecraft then transmits the coded brightness levels and the number of
contiguous elements which are of the same shade. For pictures with large
features of similar tomal quality, this results in an appreciable saving of
communicatiors channel capacity compared to the original technique of trans-
mitting the brightness of each individual picture element. Reductions of 2
to 1 in data bit transmission requirements by this technique are predicted.
Research on this and other techniques will continue in FY 1966.

Instrumentation

Instrumentation and measurement are fundamental to successful achieve-
ment of basic scientific objectives and to the technological advancement cof
engineering sciences., A strong and vigorous program to insure timely avail-
ability of instruments and measurement techniques for planned and anticipated
space and aeronautical missions is essential to the ultimate success of such
missions.

For density measurements of the upper atmosphere, remote sensing devices
have been devaloped at Langley Research Center, based on the backscatter of
electromagne-ic radiation. Flight tests using sounding rockets have success-
fully demonstrated the feasibility and substantiated analytical predictions.
Further developments using stronger radiation sources and improved sensing
methods will He tested in subsequent flights to extend the technique to
higher altitudes., During FY 1966 research on radiative sensing methods will
be extended to investigate the remote measurement of other atmosphere
characteristics such as pressure, temperature, and wind velocity whicl could
lead to more accurate data for weather forecasting.

Although vacuum pumping systems have advanced significantly through the
introduction of ion pumping, the accuracy with which vacuum can be measured
is still orders of magnitude below the desired level. Absolute measuring
methods do not exist for very low pressure and are urgently needed. The
development oi mass spectrometer techniques for measuring gas compositions,
bv the National Research Corporation, has progressed to a point where the
use of intense jon sources and more advanced electronic counting systems
should make it possible to increase the sensitivity of these analytic devices
by several orders of magnitude. Knowledge of the qualitative and quantita-
tive composition of gas residues in evacuated chambers can then be used to
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analyze possible sources of system limitation and to investigate new
techniques for measuring very low pressures. These developments wil be
pursued further in FY 1966.

Spacecraft subject to radiation frcm the sun outside the Earth's
atnosphere require effective temperature ccntrol over broad portions cof the
electromagnetic spectrum, including the far infrared. The development of
solid- state physics has produced new sensing materials responding to radia-
tion in these extended ranges. Measuring apparatus is being designed by the
Maval Ordnance Laboratory at Corona, Califormia, to emnable accurate evaluatiorn,
in the far infrared, of the radiative characteristics of materials. Results
of this worx will lead to the development of more efficient coatings for
spacecraft temperature control. This program will centinue in ¥Y 1936,

Recent progress in the design of microminiature ccmponents has »ro-
duced new possibilities in electro-optical imaging concepts. Solid state
image converters which do not require electron beam scanning seem feasible
and may find application not only for TV but also in other fields su:h as
horizon sensing and solid state spectral analyzing. Advances in pho:o
multiplier design and associated electronic circuits, by Avco Corporation
and the Goddard Space Flight Center, have produced improved devices for
counting impinging low energy electrons, These devices will be used in the
Direct Measurement Explorer Satellite., Further work will be done in FY 1966.

Bioelectronic instrumentation has benefited from the developmeni: of
miniature devices and circuits for measuring cardiovascular and nerve signals
through the use of implants in live subjects. Microelectronic techniques
contribute o the design of these devices, but power requirements restrict
applications in many cases. To alleviate this restriction, research is
underway to reduce power consumption and develop alternate power sources.
Efforts to replace battery power supplies by either body generated power or
power radiaced to the implanted sensing device from outside are unde:
investigation at Ames Research Center and Republic Aviation Corporation.

Small Flight Projects

1964 1965 1966

Radio atteauation measurements

(RAM) vt v ee et ieeenascannneaaasas $450,000 $900,000 $3,400,000
Horizon definition research

(SCANNER) ¢t vnvevneeenaoeseonoans 1,800,000 1,200,000 ~.,000,000
GEMINI optical communications

experiment..... ..o ceen 70,000 - ===

Total. e eeineeeroesaoneannaanans $2,320,000 52,100,000 84,400,000
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Radio Attenuation Measurements (RAM)

The objective of this project is to investigate the interaction of
electromagnetic waves with the plasma sheath which engulfs a spacecraft
during reentry into the Earth's atmosphere and causes radio blackout. Ground
simulation c¢f reentry is not adequate to generate the type of plasma
encountered by a reentering spacecraft; thus, a series of flights are being
undertaken by the Langley Research Center to determine the plasma parameters
and the effect of this plasma on electromagnetic radiation at frequencies
from VHF to X band. These flights are examining aerodynamic shaping,
magnetic fields, and material addition as means of eliuminating the blackout
phenomena during reentry. Preliminary results indicate that material
addition may be the most effective and further experiments using this tech-
nique will be performed in FY 1966.

Data obtained to date have been in the 18,000 feet per second velocity
regime. Further experiments will be concerned with reentry velocities of
28,000 feet per second and beyond.

Horizon Definition Research (SCANNER)

Passive horizon sensors are used in spacecraft stabilization and guid-
ance as devices for determining the local vertical through accurate
discrimination of the change in radiant energy between the edge of a
planetary disk and the space background. The SCANNER project has th=2
objective of making detailed measurements, from high altitudes, of the
natural radiation gradients which define the Earth's horizon. These data are
essential to the development of accurate horizon sensors. A secondary objec-
tive is to develop a flight proven technique for gathering statistical
horizon data, possibly in Earth satellite spacecraft. The project is an
extension of current laboratory research on horizon characteristics. Two
experiments will be performed from suborbital ballistic trajectories using
the Trailblazer II launch vehicle. Flight #1 is scheduled for August 1965
and Flight #2 is scheduled for October 1965. A backup set of payload equip-
ment and instrumentation will be provided, permitting a possible third
flight. The dual channel radiometer, operating in the 14-16 and 20-40 micron
bands, will provide a spatial resolution of 2 km, a five-fold increase in
resolution over that of radiometers used in earlier experiments. Star
mapping techniques utilizing telescopes in the spacecraft will be used to
correlate the pointing direction of the sensor with observed data. Langley
Research Center has project direction.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1966 ESTIMATES

OFFICE OF AIDVANCED RESEARCH AND TECHNOLOGY HUMAN FACTOR SYSTEMS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

This program has four major objectives: (1) to determine man's reactions
to the novel environments of space and aeronautical flight, (2) to define the
essential requirements for sustaining and protecting man in these environ-
ments, (3) to provide the technology necessary to develop suitable life
support and protective systems, and (4) to discover means of integrating
man's capabilities with those of machines to obtain composite systems of
superior perZIormance.

The first and second objectives will help establish the limits c¢f man's
usefulness in space or on the moon: To what extent will his ability to ex-
plore, observe, and experiment be encumbered by the mechanical devices and
restraints unecessary to sustain his life? How will his judgment and powers
of perception be affected by his environment? What limitations must be
placed on his exposure time to extra-terrestrial environments to avoid both
immediate and long term damage? The second and third objectives together
will determine the costs in weight, and therefore in dollars, of sustaining
human life in space:; How much food, water, and artificial atmosphere must
be provided”?” To what extent, and at what cost in weight, can these be manu-
factured on board the spacecraft from human waste products? How much natural
radiation can man endure and how can the required shielding be provided at
least weight? The fourth objective will determine the extent to which the
presence of man, with his unique capabilities, can compensate for the costs
of sustaining him: How can the machine systems required to take him to the
moon be made simpler, more reliable, and lighter in weight by substituting
human functions for certain mechanical functions? How can man's capabilities
as an observer and recorder of information be augmented by machine systems?

Answers to all of these and many other related questions are being
sought in this research program. The work is done by researchers in elec-
tronics, phyvsics, engineering, psychology, biology, and nearly every field
of medicine. Many of these are NASA scientists and engineers; many niore are
located in university and industrial laboratories and in other Government
agencies.

SUMMARY OF RESOURCES REQUIREMENTS:

1964 1965 1966

Supporting research and
techmolozy......covviuvnnn $13,200,000 $11,850,000 $13,000,000
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Small biotechnology flight
Projects. ..o veiiiennnncns

Distribution of Program Amount by Installation:

Manned Spaceacraft Center.....
Marshall Space Flight Center.
Ames Research Center.........
Flight Research Center.......
Langley Ra2search Center......
Lewis Reszarch Center........
NASA Headguarters............

BASIS OF FUND RZIQUIREMENTS:

Supporting Research and Technology

Human research and performance.
Life support and protective
SYSEEeMS . s ovevnensesssnoanasen
Man systems integration........
Advanced concCaptsS. ..o vennnnaen

Total

1964 1965 2966
- 1,470,000 $1,900,000
$13,200,000 $13,320,000 $14,900,000
$1,900, 000 $445,000 £900,000
235,000 220,000 300,000
3,820,300 4,113,000 4,680,000
1,342,000 2,000,000 1,500,000
1,834,400 3,204,000 4,450,000
137,000 230,000 200,000
3,931,300 3,108,000 2,870,000

1964 1965 966
$4,128,000 $3,570,000 $5,000,000
5,841,000 5,400,000 4,750,000
2,827,000 2,230,000 2,850,000
404,000 650,000 400,000
$13,200, 000 $11,850,000 $13,000, 000

Human Research and Performance

Long term manned space flight will expose man to hostile environmental

conditions.

The objective of this research is to understand the psychologi-

cal and physiological reactions of man and his organic systems tc these con-
ditions and to predict their effects on his performance and well being. The
environmental phenomena considered range from zero gravity to solitary
confinement and include electromagnetic and particle radiation, magnetic
fields, acceleration forces, artificially produced atmospheres, temperature,

humidity, and vibration.

During the past year notable progress has been made in several areas of

investigation.

In the field of radiobiology, research at the Univers:ity of

California and the Ames Research Center has produced the first meaningful in-
formation on the biological effects of the proton component in radiat:.on

likely to be encountered in space flight.

These results, obtained from ani-

mal experiments in the University of California cyclotron, showec tha: at the
lethal-dose level the biological damage mechanism of proton radiation for

small animals is similar to that of gamma radiation.

If these prelim:inary

RD 16-2



results are confirmed with other species, the extensive knowledge of gamma
radiation effects already available may become directly applicable to the
problems of radiation hazards in space flight,

buring the coming year, this work will be expanded to investigate the
effects of lower levels of radiation over prolonged exposure periods, and to
determine whather these effects are altered by variations in temperature,
humidity, or vibration.

In the field of acceleration research, Ames Research Center has :on-
tinued to exploit a laboratory technique which may compensate for our in-
ability to simulate directly the effects of long term reduced gravity on
physiological systems. Each of several groups of test animals is subjected
to a different level of acceleration in centrifuges for a prolonged pariod.
Resultant physiological differences among groups are then analyzed for corre-
lation with acceleration (or gravitational) level. If significant relation-
ships can be established between physiological phenomena and gravitational
stress at acceleration levels greater than 1-G, it may be possib.e to predict,
by extrapolation, corresponding effects at acceleration levels less tnan 1-G.

In the study of the effect of altered gravity environment on small ani-
mals, preliminary results, which cannot be fully interpreted at ihis time,
indicate certain changes in growth size and body chemistry. Rats centrifuged
for periods ss long as one vear at G loads ranging from 2.5 tc 4.7 above nor-
mal, gravity did not grow to normal size. In the coming year researchers
will try to verify these trends and to discover the biological mechanisms
producing them.

Life Support and Protective Systems

Life support and protective systems are those systems necessary to sus-
tain human life and prevent physical injury in a hostile enviromment such as
that enccuntered by man in space, NASA's research in this field has as its
objectives to develop and demonstrate new concepts which will lead tc systems
of lighter weight, longer duration, lower power consumption, and greater
flexibility.

Spacecraft life support systems in current use are relatively heavy,
short-duration, systems which require stored gases for artificial atmospheres
chemical wasre treatment with waste storage, and stored food and water. 5ig-
nificant reductions in system weights, which may be essential to the economic
feasibility of long duration manned space flight (e.g. to the planets), ap-
pear possible if the concept of '“regenerative'" systems can be proven, A
regenerative life support system would produce the principal life sustaining
requirements of man (food, water, and oxygen) by the reprocessing of his own
waste and me:abolic products,

Researca on this principle at the NASA Langley Research Center in the

past year has provided the basis for a partial regenerative system capable
of supportinz four men for ninety days at about one half the cost in weight
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that current cperational techniques would involve. The system would produce
oxygen from certon dioxide and fresh water from urine, cabin condensation,
and wash water. Food would be stored. In the coming year a full-scale
laboratory version of the system, produced by General Dynamics/Astronautics,
will be evaluated in a series of experiments at the Langley Research Center
in which four men will live and perform space mission tasks in a simulated
space vehicle for as long as 100 days supplied entirely by stored food and
regenerated water and oxygen,

Further refinements of the regenerative system concept may result from
research at the Ames Research Center where the feasibility of bacterial re-
processing of metabolic products is under study. A successful system based
upon this principle would produce food as well as oxygen and water.

Man Systems Integration

Research in man systems integration provides the technology for effec~-
tive and reliable utilization of the human in man-machine systems. The pro-
gran emphasizes (1) development of quantitative measures of human performance
under conditions which are typical of those to be encountered during cero-
‘space missions, (2) the development of systems design criteria which will
assure maximum utilization of man as an element in the system, and (3) the
evaluation of man-machine design concepts in the laboratory.

Typical of the problems considered in this program is that of deter-
mining what difficulties the low gravity environment may cause man in per-
forming rout.ne tasks onthe surface of the moon. It is not at all clear,
for example, that he will be able to climb, run, or even walk on the moon
with the same ease that he does on Earth. Muscles, conditioned to moving
limbs of a given weight on Earth, may over control in the 1/6-gravity of
the moon; the reduced friction between show and surface caused by reduced
weight may ma<e traction extremely difficult. To investigate problems of
this kind the Langley Research Center has developed a technique with which
the conditions of moving about in a 1/6-gravity environment can be fa:.rly
closely simulatad. The device consists of a floor tilted up to an angle of
80.5° on which a subject walks supported in a nearly horizontal attitude by
a series of cables attached to head, upper torso, hips, and legs. The
cables, suspended from overhead trolleys, are parallel to the tilted :loor
and support most of the subject's weight so that relative to the tilted
floor his apparent weight is approximately 1/6 of normal. During the com-
ing year this technique will be used to examine numerous routine and non-
routine tasks man will be expected to perform on the moon and identif:y
those that will require special training or equipment,

Advanced Concepts
Research on advanced concepts in any field is essential if man i3 to be

ready to solve the next generation of problems in that field. In human fac-
tors research, many of these problems are likely to involve ways of further
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integrating man into the operational systems of future aircraft aand space-
craft. Several interesting possibilities have arisen in recent years, some
showing enough promise to warrant serious study. The two related examples
described below are representative of those that make up this advanced con-
cepts program.

The precision control of high speed aircraft has, under certain circum-
stances, already taxed to the limit man's ability to coordinate sensory per-
ception with motor response. The control tasks of complex spacecraft systems
of the future could easily exceed his ability. Researchers have hypothesized
that one limiting factor may be the necessity for sensory cues (visual or
aural signals) to be transmitted to the brain, translated to a motor command,
and re-transmitted to arms, hands, feet, etc., before a required function is
executed. If a direct link could be established between, say, the eye and
the system to be controlled, thislimitation could be circumvented. A concept
now under study for a device designed to track eye motions of astronauts as a
means of obtaining data to improve the design of instrument displays tas sug-
gested a possible method for doing this.

The device would follow the motion of the eye by tracking a beam of
light reflected from the cornea. The resultant motion of the light beam
would be converted into electronic signals which, in turn, would be recorded
as a time hisrtory of the astronaut's eye movements. If, instead of being
recorded, the signals were used to command certain control operations, the
astronaut could maneuver his spacecraft using eye movements alone. The eye
tracking device will be developed during the coming year. If it proves
feasible, a s:udy of this future application will follow.

A second possibility, even more remote than the first at this time but
still interesting as a future application of the developing technology, is
the direct transmission of control signals from man to machine by nerve im-
pulses. With such a technique, machine systems could be controlled by the
brain and nervous system directly, in the same manner that movements of man's
limbs are controlled. The basis for this technique would be the detection
and transmission of the magnetic field components of nerve impulses. Neuro-
logical research at Georgetown University is currently defining the complete
electromagnetic character of these impulses and, if successful, will provide
a starting point for later studies of control applications.

Small Biotechnology Flight Projects

1964 1965 1966

Small bilotechnology flight
PrOJeCES .ttt voerensnracncnnns -——- $1,470,000 $1,900, 000

In many fields of aerospace technology there are problems that cannot be
solved in the laboratory at all but must be solved in flight. Apparent solu-
tions to many other problems can be found on the ground but must then be
evaluated in flight before they can be accepted. This small-flight projects
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program serves these essential purposes for the Human Factors Systems
research program.

One problem that is becoming more acute to aerospace medical special-
ists as more experience is gained with man in his new space environmeat is
that of establishing a new base of reference for many long establ.ished
measures of physiological processes. The specialists are finding that clini-
cal standards for "mormal'" heart rate, blood pressure, and respiratioa, ap-
plicable to humans under no-stress conditions, are not applicable "norms"
for astronauts functioning for prolonged periods under conditions of stress.
The lack of applicable standards obscures the significance of physiological
data monitored during space flights and prevents accurate assessments of the
astronaut's well being. A project begun this year by the Flight Research
Center should ultimately supply the new physiological standards required.

The project involves the collection of physiological data on a lafge
number of individuals who spend long periods of time under stressful condi-
tions representative of those encountered in space flight. The subjects
chosen for the experiment, by arrangement with the U. S. Air Force, ware the
students of the U. S. Air Force Aerospace Test Pilots School at Edwards Air
Force Base, California. These are particularly appropriate subjects because
their medical histories are well documented, they participate in identical
training programs involving many hours of high stress flying, and they them-
selves represent one major source of future astronauts. Each subject will be
instrumented with small self-contained sensing devices and a miniaturs tape
recorder which will measure and record electrocardiograms, vibracardiograms,
respiration, and voice data., Data will be obtained continuously duriag all
periods of high stress activity throughout the flying careers of each subject.
Since the prcject is to be a continuing one, successive classes at thes School
will participate and, in time, a statistically significant sample of data will
become available from which to derive the new standards.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1966 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOQOGY NUCLEAR-ELECTRIC SYSTEMS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The purpcse of this research is to provide the technology needed for
long life nuclear-electric power systems so that advanced space missions
which may benefit from use of these systems can be selected and undertaken
with assurance cf success,

Nuclear-electric power generating systems and electric propulsion systems
have been consicdered as two complementary parts of this single overall pro-
gram. For future manned deep space or interplanetary missions in which the
high specific impulse attainable from electric propulsion would be uniquely
advantageous, nuclear-electric power is the only feasible source of the mega-
watt power levels required for large electric thrustors. Research has alsc
indicated potential applications of electric propulsion for attitude control
and station keeping where power levels of only watts would be required, and
for satellite orbit raising and unmanned space probes where power require-
ments would be in the kilowatt range. The lower power requirements for these
applications of electric propulsion can again be provided by nuclear power
generation systems, although the power systems described under Chemical and
Solar Power may also be applicable.

Concepts for utilization of large nuclear reactor power systems include
potential for stationary power plants on the moon and planets, and for ad-
vanced communication and other on board power requirements as well as for
electric propulsion, Isotope power represents the nuclear energy contribu-
tion at low power, in the watt to kilowatt range,

The AEC is developing isotope powered systems, and it is proceeding with
efforts in the range up to 250 watts. NASA is responsible for integrating
such power supplies into spacecraft. Close coordination between the agencies
is maintained to insure that the AEC work is directed to meet NASA's require-
ments and that the results will be suitable for effective integration into the
spacecraft systems.

SUMMARY OF RESOURCES REQUIREMENTS:

1964 1965 1966
Supporting research and
technclogy......oivvivinennn, $26,749,000 $23,192,000 $24.,000,000
SNAP-8 development............. 15,465,000 17,000,000 -
Space electric rocket test
(SERT) v vt v e iviinennnannsnnnns 3,467,000 2,300,000 2,000,000
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1964 1965 1966
Small nuclear electric
propulsion and power
flight prcjects ........... $282,000 -~ ---
Total e $45,963,000 $42,492 ,000 $27,000,000
Distributior. ¢f Program Amount by Installation:
Manned Spacecraft Center..... $94,000 $100,000 $100,000
Marshall Space Flight Center. 263,000 290,000 400,000
Goddard Space Flight Center.. 1,320,000 1,142,000 1,200,000
Jet Propulsion Laboratory.... 1,882,000 2,336,000 1,600,000
Langley Research Center...... --- 400,000 .-
Lewis Research Center........ 41,719,000 37,038,000 22,700,000
NASA Headquarters............ 685,000 1,186,000 1,000,000
BASIS OF FUNL REQUIREMENTS:
Supporting Research and Technology
1964 1965 1966
Nuclear-electric power........ $15,218,000 $13,225,000 $14,000,000
Electric propulsion........... 11,531,000 9,967,000 10,000,000
TOtAl.e et et iiiiinineennennns $26,749,000 $23,192,000 $24,000,000

Nuclear-Electric Power

Development of nuclear space power systems for non-propulsive auxiliary
power and for electric propulsion power is dependent upon the research of the
Nuclear Electric Power Supporting Research and Technology Program. This pro-
gram provides technology for conversion of nuclear energy to electrical en-
ergy by power conversion systems such as the liquid metal Rankine cycle, the
gaseous Brayton cycle, thermionic direct conversion and magnetoplasmadynamic
systems. Component research, liquid metal and liquid metal vapor properties,
space-envirorment effects, advanced concepts and mission analysis represent
typical areas of research.

The program funding is divided with approximately 85 percent for in-
dustrial and university contracts and 15 percent spent in support of the
in-house work at the NASA centers.

Primary research emphasis has been on the liquid metal Rankine cycle in
which a liquid metal, vaporized by nuclear heat, is used to drive a turbine
which in turn drives an electric generator. The Rankine cycle shows great
promise as a high power (kilowatts to megawatts) energy conversion system
because the excellent heat transfer and high operating temperature character-
istics of licuid metals can result in relatively small and lightweight
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components even when coupled with large nuclear reactors,

Work is continuing on advanced technology aimed at high temperature and
high power systems, Testing of potassium-vapor turbines was initiated at
General Electric Company in FY 1965, Performance testing and design
evaluation will be continued in FY 1965 and endurance testing will begin in
FY 1966. In other Rankine-cycle-component research, a design of a high
temperature lightweight electro-magnetic pump to be used as a liquid-metal
boiler feed pump was completed in FY 1965, Procurement and testing of this
pump will be initiated in FY 1966, Testing is continuing at Lewis Research
Center on the performance of centrifugal pumps for liquid-metal working
fluids, During FY 1965, three axial flow inducers were performance tested;
these inducers would be used for pressure boost devices for the main condensate
pump in a liquid-metal power conversion system, Testing of a full-scale
centrifugal condensate pump suitable for a one-megawatt power system will be
started in FY 1966,

In comparison with the liquid metal Rankine cycle, a gaseous Bravton-
cycle power conversion system may eliminate many of the problems inhe:ent
in the use of high temperature liquid metals and can draw upon the years of
turbojet experiance in the development of high efficiency reliable tu:rbines
and compressors. Gas-cycle turbomachinery has been designed anc fab:ricated,
and initial zesting has verified the anticipated high efficiency potential of
the Brayton cycle. A broad program of Brayton cycle component development is
now in progress, emphasizing =fficiency and reliability. Attainment of maxi-
mum efficiencies will compensate for the inherent Brayton-cycle character-
istic of large size and weight, resulting from the fact that gas is a poor
heat transfer madium compared with liquid metal. Brayton cycle power con-
version equipment is adaptable for use with either a nuclear heat source or
a solar heat source, and Brayton cycle system technology is, therefore,
jointly supported by the Nuclear-Electric Power and the Solar and Chenical
Power programs.

Another chase of Nuclear-Electric Program research is concerned with an
ultimate goal of eliminating the rotating turbomachinery of dynamic Rankine
‘and Brayton cycles by development of methods of directly convegting nuclear
energy to electric energy. Direct conversion research emphasizes thermionic
conversion in which nuclear energy is utilized to heat an electrcde until, as
in radio tubes, it gives off electrons to another electrode and theareby estab-
lishes an electric current. In this concept an easily ionized element such
as cesium is introduced between the two electrodes in order to facilitate the
flow of electrons and prevent electron accumulation at the emitting e..ectrode,
Two principa. types of thermionic direct conversion methods are being in-
vestigated:

(1) the thermionic fuel element, i.e., where the nuclear fuel is
integral with the thermionic converter;

(2) The out-of-core converter in which the thermionic converter assembly
is separated from the reactor with a heat-transfer loop trarsporting
reactor heat to the converter emitters.
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Primary research emphasis is on high temperature materials development
(fuels, insulators, etc.), because temperatures beyond our current capability
are required to make thermionic systems operate at attractive performance
levels. 1Inasmuch as system goals require at least a 10,000 hour life, it is
necessary to determine the dimensional stability, nuclear fuel retention,
performance and operating characteristics of candidate materials and concepts
over the long periods of time and high temperatures consistent with ultimate
system requirements.

During FY .965 irradiation tests equivalent to 2500 hour fuel burnup were

conducted on a .arge number of mixed carbide nuclear fuel specimens. Longer
term tests ecuivalent to 10,000 hours operation will be conducted in the NASA-
Plum Brock Tust neacter in [0 176(., Long time life tests of electricelly

heated fuelec converters will continue at General Atomics and General Electric.
These tests complement in-pile evaluation of fueled diodes conducted ty the
AEC.

A novel externally fueled thermionic element, designed by Republic Avia-
tion, that may have considerable operational advantages, successfully com-
pleted out-of-pile testing in FY 1965. Additional long term tests will be
performed on this concept.

Still arother energy conversion process that might eliminate rotating
turbomachinery is under investigation at the Jet Propulsion Laboratory. In
much the same manner that electricity is normally generated by the motion of
an electric conductor through a magnetic field, a magnetoplasmadyaamic system
has been proposed in which a highly conductive liquid metal flows thrcugh the
magnetic field. In order to attain the high fluid flow velocities required
for appreciatle power generation, JPL is attempting to use the high pressure
of vaporized cesium to accelerate liquid lithium. Research, to extend
through FY 1966, includes high temperature electrical insulation, high velocity
liquid metal corrosion, and liquid vapor separation. A low temperature feasi-
bility test tes produced 12 kilowatts of powar at 93 percent of the thero-

retical efficiency.

Electric Propulsion

The objective of Electric Propulsion research is to provide :the advanced
technology thet will lead to the development of electric thrustor systems for
spacecraft prime and ancillary propulsion. These thrustors, when developed and
used in conjunction with lightweight power generation systems, offer the '
potential of substantial increases in payload and/or reduction in travel
time generally proportional to the energy requirements of a contemplated
space mission. The basis for these performance improvements lies in raising
specific impulse from the few hundred seconds typical of chemical rocket
systems to specific impulses up to 10,000 seconds and above with extremely
low overall svstem weights. The only known practical method of accomglish-~-
ing this is by an electric thrustor which converts electrical energy into
kinetic energv of a propellant. However, because of the low thrust levels
of such systens,a major requirement that must be attained for effective ap~
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plication is a capability of thousands of hours of reliable operation. Also,
for prime propulsion applications, attainment of high overall thrustor system
efficiency is of major importance because the total power required for opera-
tion of the thrustor system, and thus the power plant weight and the mission

payload capability, is dependent on thrustor system efficiency.

Electrostatic thrustor systems in which atoms (or heavy particles) are
electrically charged and then accelerated by an electrostatic field, are
receiving the major emphasis. Three types of electrostatic thrustors are
under active investigation. Two of these, the electron bombardment and
contact ion engines, differ basically in the propellant charge or ionization
technique employed, whereas the third type, the colloidal engine, accelerates
charged agglomerates instead of ions.

5

Work will continue on the ion systems to determine the performance capa-
bility, durability, clustering and scaling relations required to proceed
from the present 3 to 30 Kilowatt (KW) range to the hundreds of kilowatts
and into the megawatt range that will ultimately be required for inter-
planetary electric propulsion systems. Both clustering of 3KW ion engines
and scaling in size up to 30 KW level have been demonstrated this year at
the Lewis Research Center with no major difficulties indicated. Efficiencies
of 60 to B0 percent have been achieved in the impulse range of 4,000 seconds
to 10,000 seconds. Further scaling into the hundred kilowatt range will be
continued in FY 1966.

The principal effort in the development of the electron bombardmant ion
thrustor has been devoted this past year to cathode life improvement. The
cathode in this type of thrustor charges the propellant by bombarding it
with electrons. A cesium electron bombardment thrustor, by using cesium as
the propellant, employs a promising cathode' design concept called the auto-
cathode. From limited test data, it appears that this cathode may have a
10,000 hour lifetime capability. The autocathode avoids the erosion and
subsequent failure of the cathode caused by ion bombardment by continuously
replenishing the cathode surface with cesium. In FY 1966, both the auto-
cathode and new coated filament cathodes will be further evaluated for dura-
bility and performance. Another promising cathode design that would 2lim-
inate cathode erosion by using a mercury pool as the cathode, is also under
invéstigation.

Contact ion thrustor research during this past year has concentrated
heavily on the ionizer. In these engines the propellant atoms are ionized
(charged) by passing them through a hot porous tungsten material called an
ionizer. The ionizer must be capable of remaining porous throughout the
required operating lifetime, and must be capable of ionizing or charging
over 99 percent of the propellant atoms. In order to produce such an
efficient long life porous ionizer, porous tungsten technology must be
further advanced. The Electro-Optical Systems, Space Technology Laboratory
and Hughes Research Laboratory Companies are presently investigating this
problem area under NASA contracts. Further efforts will continue into
FY 1966.
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: The colloidal or heavy particle electrostatic accelerator is still in
the early research phase. This concept is of interest because it offers
promise of greater thrust and because the large number of electrons that can
be removed from each molecule could make it possible to vary the charge-to-
mass ratio and thereby optimize specific impulse in accordance with mission
requirements.

In anothter broad category of thrustors, called electrothermal thrustors,
three types are again under investigation. The resistojet and arc jet
accelerate arn electrically heated propellant by thermal expansion through a
nozzle. The third type is an arc-jet like device whose performance depends
upon electromagnetic as well as thermal effects. The principal problem
areas are in achieving high performance and long life. Specific research
tasks include electrode effects, materials and fabrication, propellant selec-
tion, storage and feed, understanding of basic energy transfer mechanisms,
cooling techniques and configuration effects.

Space Electric Rocket Test (SERT)

1964 1965 1966
Development and flight project.. $3,467,000 $2,300,000 $3,000,000
Scout (Launch vehicle |
Procurement Program).......... (500,000) (400,000) C -==)
Total (including launch
vehicles)..veeereeseeoeass..($3,967,000) ($2,700,000) ($3,000,000)

The objective of the Space Electric Rocket Test (SERT) flights is to
provide information on electric thrustor systems that cannot be obtained in
ground based facilities and to flight qualify electric propulsion systems
for mission application.

On July 20, 1964, the SERT I flight was successfully completed. The
Lewis Research Center mercury electron bombardment engine operated perfectly
and demonstrated conclusively that the positively-charged ion beam can be
neutralized in space. The Hughes cesium contact engine failed to operate
during the flight because of a high voltage breakdown. This failure did not
influence the validity of the flight results, but did emphasize the need for
the continued research in high voltage power conditioning included in the
‘Nuclear Electric Systems budget. Flight test data correlated well with
ground based vacuum facility results thus also confirming the validity of
established ground Based laboratory practice. The success of this first
electric rocket engine flight obviated the need for further SERT I type tests.
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The objective of the current phase of the SERT program is the evaluation
and development of advanced thrustors for satellite attitude control and sta-
tion keeping, which appear to be the first potential applications for elec-
tric thrustors. Analysis has indicated that for attitude control of iong
lived satellites, particularly those requiring very accurate attitude stabi-
lization, the low propellant consumption inherently characteristic of elec-
tric propulsion would result in considerable weight savings as compared with
the chemical propellants presently in use. Vacuum tank test of several ex-
perimental thrustor systems are being conducted and compared with chemical
systems in order to permit selection of the more promising systems for
further development. These systems will be further tested to determine
thrust and impulse reproducibility, reliability and operating iife. It is
anticipated that this laboratory evaluation program will be completed in
FY 1966 and that a flight verification (SERT III) of the most promising
systems will be initiated.

The SERT II flight test program has been postponed indefinitely, pend-

ing definition of a primary electric propulsion application that would require
flight validation of a specific electric propulsion system.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1966 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY NUCLEAR ROCKETS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

This program provides the research, design and engineering data, test
hardware, and general technology required to assure that nuclear rocket
systems can be developed at the power levels, operating times, restart con-
ditions, and specific impulse values that will be required in advanced space
exploration missions. In these systems, a nuclear reactor heats hydrogen to
high temperature. The high temperature hydrogen gas is then accelerat.ed
through a jet nozzle producing thrust at high specific impulse.

The emphasis in the nuclear rockets program is on laying a technological
foundation for proceeding with confidence on the development of nuclear
rocket systems that will be required to accomplish heavy payload, high energy
missions in space.

Nuclear rocket propulsion provides significant performance advantages
for potential missions beyond Apollo such as lunar base logistics operations,
very heavy deep space instrumented probes, and manned exploration of the
planets. Manned planetary expeditions is considered among the major applica-
tions for nuclear rockets; a nuclear rocket propelled Mars spacecraft could
be one third to one fifth the weight of a chemically propelled spacecraft.

A major part of the nuclear rockets program is the research and engineer-
ing on the nuclear reactor itself since this entire field is relatively new.
In addition, emphasis is placed on the solution of problems associated with
non-reactor components whose operating requirements tax the available tech-
nology and on the study of the fundamental heat transfer, fluid flow,
structural design, and nuclear phenomena involved. An essential part of this
program is investigation of experimental ground test engine systems required
to develop a full understanding of the interaction of components in nuclear
rocket engines and of the system performance characteristics. These data
form a basis for eventual flight system development and provide information
required by mission planners to incorporate nuclear rocket capabilities in
advanced missions.

The nuclear rockets program is a joint AEC-NASA undertaking. To ensure
an integrated program, the Space Nuclear Propulsion Office, established by
interagency agreement between AEC and NASA, manages all aspects of nuclear
rocket propulsion work for the two agencies. Research and technology work
is conducted both in AEC Laboratories (e.g., the Los Alamos Scientifi:c Labo-
ratory and the Argonne National Laboratory) and NASA Centers (e.g., the
Lewis Research Center and the Marshall Space Flight Center), although the
major portion of the work is conducted by industry and some universities
under contract.
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SUMMARY OF RESOURCES REQUIREMENTS :

1964 1965 1966

Supporting research and

technology.eeeeeeeeerneoaneeass. $21,261,000 $21,731,000 $22,000,000
KIWI....cooeoeeocanne et ecersaeen 1,700,000 -—- -——-
NERVA.:.:vvvencnnonnns cesecessnsen 48,820,000 34,261,000 35,000,000
RIFT. . eceecavansanccsarannassncs, 6,645,000 --- -
Nuclear Rocket Development Station 750,000 739,000 1,000,000

T - P $79,176,000  $56,731,000 $58,)00,000

Distribution of Program Amount by Installation:

Marshall Space Flight Center... $7,153,000 $1,280,000 $1, 300,000

Jet Propulsion Laboratory..... . 338,000 6, 000 -
Lewis Research Center.......... 11,330,000 10,450,000 7,300,000
Space Nuclear Propulsion

Office........ csecenesanacana 60,355,000 44,995,000 48,900,000

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

1964 1965 1966

Rocket reactor research.......... $13,615,000 $13,356,000 $15,850,000
Nuclear rocket engine

component research....... cesnne 6,935,000 6,775,000 4,550,000
Safety........ et e e cecescne 470,000 500, 000 500, 000
Vehicle technology 241,000 1,100,000 1,100,000

Totale...vieeeinianeneocoannns $21,261,000 $21,731,000 §22h000'000

The supporting research and technology program satisfies four basic
needs: (1) supporting data for current projects (NERVA); (2) technology for
the development of future generations of nuclear rocket engines and vehicles;
(3) feasibility investigation of advanced nuclear propulsion concepts, and,
(4) studies of special flight safety considerations of nuclear rockets.

Rocket Reactor Research

The major effort in rocket reactor research is supported by the AEC. It
consists principally of the advanced graphite reactor technology program
(PHOEBUS) at: the Los Alamos Scientific Laboratory aimed at increased reactor
performance. Also included is preliminary work on fast tungsten based reactors
and more advanced concepts. The NASA program in this area is applied research
directed primarily towards the development and procurement of the jet nozzles
and hydrogen turbopump systems required for ground testing with the FHOEBUS
reactors, and the evaluation of new and advanced nuclear rocket propulsion
concepts which offer potential performance advantages for future space missions.
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The KIW] reactor development project (first graphite based rocket
reactor) was completed by the Los Alamos Scientific Laboratory with the suc-
cessful ground testing of the KIWI~-B4E reactor in August and September of
1964, The technology developed in that project serves as the basis for the
NERVA reactor (NRX-A), the first power test of which was successfully run in
September, 1964. The KIWI reactor technology is also the basis for the
advanced graphite (PHOEBUS) reactor program.

The PHOEBUS program will provide improved, high power reactors (to
5,000 megawai:ts nominal power) for nuclear rockets. Mission studies indicate
that clustered engines of this power level would offer the propulsion capa-
-bility for manned planetary expeditions.

The first test of the PHOEBUS project will be conducted by Los Alamos at
the Nuclear Rocket Development Station in calendar year 1965 using KIWI sized
reactors. These tests will be run using jet nozzles developed for the KIWI
program and modified KIWI hydrogen turbopumps. However, pumps and jet nozzles
of increased capability will be required for later tests of the large diameter,
high power PHOEBUS reactor which will begin during calendar year 1967. Devel-
‘opment of these nozzles and pumps is being initiated in FY 1965 and will be
continued in FY 1966. 1Included as part of the Rocket Reactor Research budget
is the cost of hydrogen necessary for two KIWI sized PHOEBUS reactor experi-
ments in FY 1966, and for development tests of the pumps and nozzles mentioned
above.

The NASA program in FY 1966 will also continue evaluation of the per-
formance potential of thermal, water moderated reactors using tungsten
uranium dioxide fuel. Preliminary results of this work have indicated that
extremely long operating times may be attainable with this fuel. High
temperature environmental testing of fuel elements in flowing hydrogen,
beginning in the second half of FY 1965, will be an important step in
determining performance limitations of this fuel material and will be con-
tinued in FY 1966. It is anticipated that the work to be carried out in
FY 1966 and 1967 will allow an assessment of the real performance potential
of tungsten-uranium-dioxide reactors in the Nuclear Rockets Program.

Research will continue in FY 1966 on advanced nuclear propulsion concepts
such as the gas core nuclear rocket propulsion concept in which the uranium
fissionable material is in a gaseous rather than a solid form. The objective
of this work is primarily to establish feasibility and performance potential.
Emphasis will be on evaluation of promising approaches for containment of
the gaseous nuclear fuel within the reactor. The approach will include
experimental studies of the basic fluid mechanics of two concepts using simu-
lated propellants and nuclear fuel. Supporting research on fundamental
problems, such as the effects of temperature on fluid mechanics and on heat
transfer characteristics, is being sponsored in several universities (Catholic
University, Princeton, Case Institute, and Georgia Institute of Techmnology),
industrial laboratories, and NASA Centers.
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NMuclear Rocket Engine Component and System Research

The objective of this program is to establish the technology required
for the development of non-reactor components for nuclear rocket engines.
This component research, when combined with Rocket Reactor Research, will
establish the characteristics of future generations of nuclear rocket engines
and, in addition, will establish design techniques and operating data on
components and engine systems. Lewis Research Center conducts the in-house
work in this area and directs other work accomplished under industry or
university contracts.

Research is conducted on: hydrogen flow components and systems, turbo-
machinery for pumping hydrogen, instrumentation and controls, engine system
analysis, radiation effects, jet nozzles, bearings and seals, and hycrogen
properties.

Turbomachinery research is directed at the unique problems posed by
application o a nuclear rocket engine. The program at the NASA Plum Brook
Station in FY 1966 will emphasize radiation effects testing of various bear-
ing materials and bearing configurations, study of nuclear rocket dyramics
through system cold flow experimentation (B-1 and B-3 Test Stands), and
turbopump performance evaluation in real feed system configurations in the
B-3 test stand. The results of this experimental research should provide
important data to the NERVA project and a better understanding of the behavior
of nuclear 1ocket engine systems under all conditions of operation.

The experimental engine dynamics studies carried out in the B-1 test
stand will map engine performance characteristics and system control using
NERVA engine hardware. Although no fission power is generated, this test
stand permits full investigation under vacuum conditions of the important
low flow regime encountered during startup of nuclear engines. The first
nuclear rockat engine systems dynamics tests were run in this facility near
the end of FY 1964 and will continue through FY 1966. Information from these
experiments will be used to design a safe operating map for the NERVA engine
control system as well as to provide insight into the design of improved
engine systems and their startup control.

The B-3 turbopump evaluation stand ‘at the Plum Brook Station will be ready
for use near the end of FY 1965. 1Its first use will be to evaluate (urbopump
operation, including the effect on pump performance of simulated heai: addition
to the inlet such as would be expected from the radiation in a nuclear rocket
engine.

Reliable control is essential for nuclear rocket engine systems, and it
requires that both instrumentation and control components function predictably
in the anticipated enviromment under a wide range of operating condit:ions.

The extent to which radiation and low temperatures will affect the reliability
of these components will be explored experimentally at the Plum Brool Station
in FY 1966. A reactor cryogenic test loop will become available during the
year for testing of nuclear rocket diagnostic and control instrumentation
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with realistic reactor radiation and temperature simulation. The most promis-
ing conventional instruments are being modified to withstand this enviromment
and will be tested in this reactor test loop. A similar loop will be used

. during FY 1966 to make simulated tests of NERVA control actuators. The
results of these tests will help determine what modifications must be made,

if any, to assure reliable operation prior to incorporation into engine tests.

The radiation effects program, conducted as part of engine component
research, is exploring the behavior of candidate materials for use in nuclear
rocket propulsion systems in a combined radiation and cryogenic environment.
A typical problem is that of bearings, seals, and lubricants required to
operate in this enviromment as components of high speed rotating machinery.
It has been found that, under those conditions, bearing lifetimes are sig-
nificantly reduced, lubricants break down, and conventional seal material
loses its resiliency and sealing properties. Testing equipment has been
designed and constructed for use in the Plum Brook Station reactor which will
simulate operational loads on these components while they are subjected to
the appropriate radiation and temperature envirommemt. This equipment is
being installed in the reactor during FY 1965 and will be producing research
information by FY 1966. Results of this research support all phases of the
nuclear rockets program, and are essential to the development of current
systems as well as to the planning of advanced systems. A considerable
amount of data will be obtained on materials which will be used in the design
of the high powered PHOEBUS reactors.

The operating conditions of the KIWI reactor and the NERVA engine have
required extension of our present nozzle technology. The high powered
PHOEBUS reactor will require even further improvements in nozzle design,
materials, and fabrication procedures. The first test facility capable of
heating hydrogen to temperatures and flow rates adequate to allow testing of
reduced scale nozzle concepts in a hot hydrogen stream will begin operation
at the Lewis Research Center in FY 1965. This facility will allow experi-
mental confirmation of analytical results for a number of new nozzle materials
and designs. Refractory metal nozzle and coated nozzle concepts will be
studied during FY 1966 to determine their adequacy for advanced highe:r power,
higher temperature nuclear rocket engines.

Fluid property research is conducted to provide basic data on propel-
lants and fluids used in nuclear rockets and in high energy chemical rocket
engines. For several years, NASA has supported research and engineering
development work related to the use of liquid hydrogen at the National
Bureau of Standards' Cryogenic Engineering Laboratory. While this program
is funded by the nuclear rockets program, the research and consultation
services are available to all users of liquid hydrogen. The work includes
the compilation of basic thermodynamic data and the evaluation of commercially
available sensors for use with liquid hydrogen. These activities will be con-
tinued in FY 1966.

Safety

Flight safety analyses of nuclear rockets are being performed under the
direction of Marshall Space Flight Center. These studies include the analysis
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of the orbital lifetime of nuclear rocket parts and the radiation levels of
such parts after reentry. Theoretical reentry analysis will be expanded to
include ground testing and flight test planning. These studies when com=-

bined with nuclear analyses performed by the AEC will be used to solve unique
operational problems associated with the safety of nuclear rocket flight
operations. Hydrogen safety research at the U. S. Bureau of Mines (Fittsburgh)
will also continue. This work includes determination of detonation and com-
bustion limits, activation energies, kinetic and thermal energy yields, and
other data on gaseous and liquid hydrogen.

Vehicle Technology

This program is providing information on new concepts relating to
vehicle staging and configuration for future applications of nuclear rocket
engines to spaceflight missions,

Studies of modular vehicle concepts, in which each module includes a
nuclear rocket engine and propellant tank, were initiated in FY 1965 and will
be extended in FY 1966. Conceptual designs of modular systems of a single
size that can be clustered to provide a wide range of power availability will
continue to be investigated in FY 1966. Studies are also underway of specific
technological problems that will need engineering solutions before nuclear
rocket powered spaceflights of long duration will become feasible. Typical
of these is the problem of long term storage in space of liquid hydrogen.
Although the large tanks of liquid hydrogen associated with nuclear propul-
sion have a reduced surface-to-volume ratio, compared with chemical propul-
sion system propellants, minimization of hydrogen losses through evaporation
may be an important factor in determining mission capabilities. Analyses
are being performed to determine optimum methods of storing liquid hydrogen,
taking into zccount the requirements for micrometeorite protection and the
effects of solar radiation, high energy charged particle radiation, and
nuclear radiation. Preliminary evaluations of super insulation, slush hydro-
gen, and on board refrigeration systems will be expanded in FY 1966.

NERVA
1964 1965 1966

Engine systems development....... . $4,555,000 $4,340,500 $5,000,000
Component and subsystem

development............... creens 17,330,000 12,300,000 11,000,000
Ground test and operations

SUPPOT L. v tv vt snnenerensnns crense 23,090,000 13,570,500 14,500,000
Propellants....... cesaesieseanenae 3,845,000 4,050,000 4,500,000

Total...evunreunn. e ..... $48,820,000 $34,261,000 $35,000,000

The objective of the NERVA (Nuclear Engine for Rocket Vehicle Applica-
tion) proiect is to develop nuclear rocket engine systems that can be tested
in ground based facilities to provide a complete understanding of the per-
formance and operation of these systems and their major components under
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operating conditions corresponding to those of future space missions. The
work is being carried out at a nominal power level of 1,000 megawatts, cor-
responding to a thrust of approximately 50,000 pounds with a specific impulse
over 700 seconds. The emphasis is on developing for this purpose components
and systems which can lead directly to the later development of operational
flight engine systems with a high assurance of success. This project is con-
ducted principally under a joint AEC-NASA contract by the Aerojet-General
Corporation and Westinghouse Electric Corporation.

Specific technical objectives for the NERVA project are to provide the
reactor, engine systems, facilities and component technologies. The reactor
development phase of the NERVA project includes full-scale reactor testing
to determine the suitability of the reactor design for continuing technology
advancement, for use in obtaining an understanding of engine system opera-
tion, and for ultimate application in a flight engine system. During FY 1965,
the KIWI and NERVA (NRX) reactors successfully operated near rated power.
Tests planned for FY 1966 will further evaluate the operating limits of such
reactors including definition of the trade-offs among power, operating tem-
perature, operating duration, and restart characteristics.

Engine system work includes investigations of engine system transient
startup characteristics, steady state operating cycles, system dynami:s of
engine throttling and shutdown, and investigation of engine restart char-
acteristics.

The development of test facility technology is necessary to provlide
confidence in undertaking a future nuclear rocket engine development program.
The facility technology objectives include proof of the techniques for remote
testing of downward firing engines and the feasibility of remote handling
operations for engine system maintenance and disassembly.

Selected engine components will be developed in connection with the
engine systems evaluation program, but component development will be limited
to those major components which strongly influence system performance,
Valves and lines will be facility or "boiler plate' types wherever possible.
For the ground test program, most components will not be qualified to the
high degree of reliability necessary for flight operation. However, major
components such as turbopumps, nozzles with hot-bleed ports, and actuators
for engine reactor control will be of flight design and will be developed to
provide satisfactory performance under "flight" operating conditions.

Significant accomplishments to date in the KIWI and NERVA projects
include: reactor startup and stable operation using liquid hydrogen as a
coolant; demcnstration of a satisfactory reactor design that avoids the flow
induced vibration previously encountered; successful reactor operation for
more than ten minutes at design conditions; restarting a reactor and achiev-
ing design pcwer after a prior run at design power; and, automatic startup
of a reactor from sub-critical conditions, thereby demonstrating the capa-
bility to start the nuclear rocket automatically as would be required in a
flight system. Other progress includes improvement in fuel-element quality,
and advances in nozzle and turbopump technology.
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Engine System Development

The objective of this phase of the NERVA project is to perform the engi-
neering, fabrication and testing of engine systems prior to their integration
into complete experimental engines. The program includes cold flow tests in
a non-nuclear engine simulator as well as hot flow tests conducted with
operating reactors. Characteristics that will be evaluated in the cold flow
simulator tests include the initial portion of engine startup with liquid
hydrogen, flow stability, flow leakage, system pressure losses, and control
response times. - Cold flow testing of NERVA systems will be completed during
FY 1966 and the test hardware will be modified for use in checkout of the
Engine Test Stand in Nevada. Also during FY 1966 hot flow engine sysi:em
tests will begin in one of the Reactor Test cells. 1Initial tests in this
series will utilize an upward-firing NERVA reactor, not configured as a
flight engine, but will incorporate a hot bleed port nozzle and a hydrogen
turbopump system driven by reactor heated gases drawn from the bleed port.

Component and Subsystem Development

Development of components and subsystems includes those required for the
experimental engine systems and some required for the experimental reactor.
Principal objectives are the development of the hydrogen turbopump system,
thrust chamber assembly, and engine controls. A radiation resistant turbine
power control valve required to control turbopump speed will be developed.
Nozzles, pressure vessels, turbopumps, controls, and associated components
will be fabricated to support the engine test program. Acceptance and relia-
bility testing of these components will be conducted.

Ground Test and Operations Support:

This phase of the project provides remote handling equipment, checkout
and test equipment, and maintenance equipment for all test operations. It
also provides instrumentation for diagnostic and control purposes, for relia-
bility and quality assurance testing, and for operational safety monitoring.
During FY 1965, the equipment in the engine test and maintenance facilities
will be checked out and used to support engine systems testing. Additional
equipment and engine diagnostic instrumentation will also be provided. Tech-
nical guidance on ground test safety will be continued and safety reports and
procedures will be issued.

Propellants
Funds provided under this heading will be used for procurement of pro-

pellants, primarily liquid hydrogen, required in various NERVA testing
programs.
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Nuclear Rocket Development Station Operations

1964 1965 1966
General site SUPPOTtecc.siieevsceesss  $500,000 $589,000 $870,000
Capital equipment...... ... vveecacss 250,000 150,000 130,000
Totalesveveerserenssoannsoneansasss  $750,000 $739,000 $1,000,000

The mission of the Nuclear Rocket Development Station (NRDS) is to pro-
vide a site for ground static testing of the reactors, engines, and eventually
vehicles associated with nuclear rocket development. Management of the
Nuclear Rocket Development Station is assigned to the Space Nuclear Propulsion
Office. The major users of the Station are Aerojet-General Corporation,
Westinghouse Astronuclear Laboratory, and the AEC Los Alamos Scientific Labo-
ratory.

Technical support, maintenance, housekeeping services, and management
functions must be provided at this site. These funds provide for NASA's
share of the general site operations, the major part of which is now funded
by the AEC.

General Site Support

General site support includes routine maintenance and operation of the
facilities; for example, custodial services, maintenance of roads, grounds,
and utility systems, furnishing of utilities, building operating supplies,
fire protection, and cafeteria services. Included also are the services of
a support contractor to maintain and operate plumbing, electrical, carpenter,
welding, and machine shops. Funds in this category also cover costs of acti-
vating engine test facilities and of maintaining and operating support facil-
ities and equipment. '

Capital Equipment
Capital equipment funds are used for the procurement of shop equipment,

warehousing equipment, and other pieces of major equipment required for
general support of Station activities.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1966 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY CHEMICAL PROPULSION PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

Propulsion represents one of the greatest limitations in capability for
exploring space. Until now space vehicles have been propelled by chemical
rockets. New propulsion devices such as a thermo-nuclear rocket and various
electrical rockets will eventually advance space capabilities significantly.
When operational these new types of propulsion devices will take their own
places in a broadened propulsion spectrum, but will not replace all chemical
systems. It is certain that most space flight advances made in the foresee- .
able future will depend upon chemical rocket propulsion. The research and
experimental engine programs in chemical propulsion are devoted to increasing
capabilities to conduct space explorations.

The technological base for new engine developments is provided by a
planned process of scientific investigation progressing from concept
evaluation through the gathering of engineering data to the demonstration of
experimental systems., To facilitate this progression the chemical propulsion
programs in both liquid and solid propellant motors have each been divided
into two principal efforts: one in research and advanced technology, and
one in experimental engineering.

Research and advanced technology covers basic studies and experiments
related to launch vehicle and spacecraft propulsion such as measurements
of chemical and physical properties of propellants, ignition and combustion
phenomena, classical and non-equilibrium thermodynamic processes, the
examination of new materials, and the processes of fluid mechanics, gas
dynamics, heat transfer, and solid mechanics. Analyses are made of the
functions a piece of propulsion equipment must perform, the performance
levels that can be met and, in the broad cycle efficiency sense, the
conditions under which it might best perform. New methods and design
concepts are assessed. Future requirements and new problem areas are
identified for further work.

The purpose of the experimental engineering program is to bridge the
technological gap between propulsion research technology and the initiation
of mission oriented propulsion system developments. The work involves the
design, fabrication and test of model propulsion systems and of subcomponents
to demonstrate their engineering practicality to meet the anticipated re-
quirements of launch vehicle, upper stage and spacecraft engines. From such
experimental system demonstrations will evolve advanced propulsion hardware
designs with clearly defined maximum operating conditions and engineering
limitations. A direct result of this work will be a set of preliminary
engineering specifications with design criteria and fabrication process
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specifications. A byproduct is a realistic assessment of possible develop-

ment costs and schedules, facilities and equipment requirements, etc.

results will facilitate initiation of engine development with minimum
expenditures of funds and time during the development phase.

SUMMARY OF RESOURCES REQUIREMENTS:

Supporting research and
technology....coeveeeevanennase
M-1 engine project......... 0000
Large solid motor project........
Small chemical propulsion
flight projectsS....cceviercanns

Distribution of Program Amount by Installation:

Manned Spacecraft Center.......
Marshall Space Flight Center...
Goddard Space Flight Center....
Jet Propulsion Laboratory......
Langley Research Center....... .
Lewis Research Center..........
NASA Headquarters............e.
Western Operations Office......

* Previously U.S. Air Force program

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

Liquid rocket research and
advanced technology............
Liquid rocket experimental
engineerihg..... ...............
Solid rocket research and
advanced technology............
Solid rocket experimental
engineering....ccoveeeescncnsse

The

1964 1965 1966
$21,970,000  $24,762,000  $30,000,000
24,000,000 24,000,000 e
* 15,000,000 e
30,000 30,000 _--
$46,000,000  $63,792,000  $30,000,000
— —— 500,000
$3,542,000  $3,592,000 5,100,000
375,000 550,000 800,000
4,296,000 4,183,000 4,700,000
1,144,000 1,480,000 1,980,000
31,205,000 45,227,000 8,095,000
3,194, 000 8,760,000 8,825,000
2,244,000 ——- —

1964 1965 1966
$10,527,000 $11,500,000 $13,000,000
6,640,000 6,075,000 8,500,000
2,760,000 4,995,000 5,000,000
2,043,000 2,192,000 3.500,000

$21,970,000

$24,762,000

§30:000,000
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Liquid Rocket Research and Advanced Technology

The liquid rocket research and advanced technology program explores and
extends the engineering science of propulsion for launch vehicles, upper
stages, and spacecraft.

Part of the program continues to examine propulsion concepts for future
launch vehicles. Two approaches to advanced launch vehicle engines have been
pursued. The multi-chamber concept uses to the greater extent the technology
developed in duilding engine equipment presently in use. The continuous
chamber concept represents a greater departure from present technology but
may offer a greater performance gain. The feasibility of methods for expand-
ing combustion gases through either a forced deflection or a plug noz:zle has
been proven. Good engineering data required for detailed design analwysis
have been accumulated. Hot firing of critical components has been under-
taken. Work related to cooling and pumping for engines at pressures
significantly higher than current practice is in progress.

Efforts to improve spacecraft performance by use of advanced space-
storable propellant combinations have been expanded. Investigations on the
oxygen~-difluoride/diborane combination have continued and a new project
evaluating oxygen-difluoride/monomethyl hydrazine has been started.

Design guides for pressurized gas storage and propellant feed systems
have been published. Work on positive expulsion technology and advanced
chamber construction for use with high temperature combustion gases is being
continued.

An example of propellant technology that has reached the applicat:ion
stage is the development of a suitable catalyst for hydrazine. This
monopropellant has higher performance than hydrogen peroxide, which was used
in the Mercury capsule and in other applications. This development has been
cited as one of four major contributions to space technology last year.

Combustion instability continues to plague engine development prongrams.
NASA in-house and contractual work has been increased to provide more basic
data and a better understanding of the phenomenon. At the same time
techniques are being explored for avoiding the instability through engine
design changes.

Better rocket test instrumentation is necessary and efforts along these
lines are progressing. The feasibility of instrumentation to diagnosa
symptoms of trouble in operating engines and to initiate automatic corrective
action has been demonstrated. Tests on operational engines are forthcoming.

Work on advanced construction materials for liquid rocket engines,
thermal and corrosion protective coatings, static and dynamic seals, walves,
the flow of gases in nozzles, and the dynamic behavior of propellants in the
feed system of engines will also receive additional emphasis in the coming.
year.
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Liquid Rocket Experimental Engineering

This program is focused presently on auxiliary and space propulsion.
The project includes an experimental auxiliary engine program to support an
area which has been troublesome in the mission development programs; the
continuation of a program to evolve an advanced design for Earth storable
space propulsion systems; and extension of the high performance propellant
research intended to provide smaller, higher energy upper stages.

The program for experimentally investigating improved space propulsion
systems has been focused in three principal areas; advanced Earth storable
propellant systems; high energy deep cryogenic propellant systems, and high
energy space storable propellant systems.

The advanced Earth storable propellant system program, using the same
class of propellants as the Apollo, Gemini and Surveyor spacecraft systems,
will continue evaluation of design concepts that will significantly extend
operating life, minimize complexity of components, and improve componant
capability. Some of these propulsion concepts have been applied to the
Mariner spacecraft design.

The high energy deep cryogenic propellant systems programs are focused
on the use of liquid hydrogen with liquid fluorine in upper stages. Space-
craft propulsion systems of this type can be operative up to several weeks
in the space environment. The current program has demonstrated the operation
of a modified oxygen-hydrogen engine with fluorine as the oxidizer. Revised
designs and operating techniques that will facilitate the realization of the
full performance potential of the fluorine-hydrogen combination in flight
type hardware will be demonstrated. Unique hydrogen tank pressurization
concepts that could minimize total system weight will also be demonstrated.

The high energy space storable propellant systems program will establish
the foundation for the future space propulsion systems that must remain
operative in a space environment for months or possibly years. The pre-
dominant requirement is that the propellant physical properties permit long
term storage in space. One of the attractive propellant combinations is
oxygen-difluoride with light petroleum gases such as methane. This propellant
combination is now being examined to establish component designs that will
facilitate its future use.

An auxiliary propulsion system program encompassing monopropellant
systems and bi-propellant systems that employ both the Earth storable and
high energy propellants will be continued. Design criteria for small rockets
that have application as reentry control, spacecraft attitude control,
station keeping systems. etc., will be developed. The application of new
materials, coatings and fabrication processes to enhance operating life and
reliability is being emphasized to improve life and design margins.
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The other principal activities in the program are: (l) interface analyses
to evaluate the impact of integrating propulsion systems into launch vehicle
stages and spacecraft; (2) definition and classification of the hazards
associated with the use of advanced propellant combinations and development
of appropriate safety procedures and criteria; and (3) the develcpment: of
specifications for the design, manufacture, and test of advanced propulsion
systems.

Solid Rocket Research and Advanced Technology

This program provides an engineering base not only for the relatively
simple solid propellant motors, with are used extensively for applications
requiring extreme reliability rather than extreme performance, but also for
hybrid motors, which may improve performance to be competitive with liquid
bi-propellant systems for some applications. Solid propellant mctor problems
that apply to motors of launch vehicle size include the need for nondestruc-
tive testing techniques for inspection and qualification of loaded mo:ors,
better understanding of ignition processes, a better understanding of
instability and thrust vector control systems, better methods for combustion
termination, and improved processing techniques.

Candidate methods for nondestructive testing include the use of infra-
red detector scanning, attenuation of x-rays using scintillation dete:tors,
low frequency ultrasonic probes, and microwave probes. During FY 1966, these
and other techniques will be evaluated for use in the inspection of loaded
motors prior to flight.

There is currently a need to achieve more accurate command cutof: of
solid motor thrust and the capability for a limited number of stop-restart
cycles. Recent advances in steady state and transient combustion theory
have shed considerable light on the basic mechanisms that control combustion
termination phenomena. This work may lead to the development of solid motors
capable of interrupted combustion and a limited number of stop-restar:
cycles.

NASA's first work in hybrid propellant technology was begun in F{ 1965
and will continue in the coming year. The hybrid propellant rocket usually
uses a solid fuel and a liquid oxidizer although the reverse combination
also falls into this classification. Potential advantages of hybrid
propellants arc improved space storability and the possibility of wvariable
thrust in high propellant performance systems.

Research on steady and non-steady state combustion, propellant aad
metal ignition, rheological properties, degradation mechanisms, thermo-
chemistry, high energy oxidizers and chemical binders are also conducced in
this part of the program. These studies are fundamental to the develspment
of both launch vehicle and spacecraft propulsion systems and contribu:e to
the knowledge of the basic disciplinary sciences.
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Solid propellant rockets pose a special problem because of the wide-
spread use of metallic additives in propellant formulations which yield
condensed liquid and solid particles in the exhaust. The transmission of
radio beam signals of certain frequencies through the exhaust prcducts during
flight must be examined. The interaction of the rocket exhaust products with
the signals in producing distortion, attentuation, or spurious ncise will be
studied.

The thrust behavior of solid motors is very dependent on the predict-
ability of the burning rate of the propellant. If the burning rate is lower
than predicted, the pressure, thrust, and impulse will be lower than 1equired.
Vacuum storage of spacecraft engines causes some propellant degradation that
increases burning rates. Radiation degrades the oxidizer, which reduces
burning rates. These competing degradation effects decrease the accuracy of
the predicted performance. The burning rate deviations produced by vacuum
storage will be evaluated under this program and methods to assure predictable
performance will be developed.

Solid Rocket Experimental Engineering

The experimental-engineering program was established principally to
support the technology related to solid-motor developments., The program
includes work in the areas of spacecraft-auxiliary and controllable motors,
Increased emphasis will be applied to these areas in subsequent fiscal years,

Presently the majority of the solid propellant experimental moto::
research is directed toward development of important subsystems applicable
to first stage or booster functions. One subsystem is a malfunction detection
system for warning of an impending failure in the rocket motors in time to
permit escape of the astronauts. The program was started in calendar year
1963. During 1964, a major advance was made in detecting overhesating which
can lead to burn-through of motor cases. This new concept gives a clear
signal when the hot gases in the rocket motor erode the insulaticn to expose
a special coaductive liner material. During the current year, the concept
is being evaluated in small scale motors and during the coming year the
engineering details for introducing it into very large motors will be defined.

A system for producing steering forces in large solid rocket motors by
the injection of liquid into the exit cone is under engineering investigation.
During FY 1956, an engineering analysis will be made to determine which
components of existing smaller motors are directly applicable to the larger
motor and which need to be further developed. A detailed engineering design
will be made of a complete system which can be joined to the nozzle of the
rocket motor. In the coming fiscal years, the design will be transformed in-
to hardware and a complete thrust vector control system will be tested by
static firing.
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Nondestructive inspection equipment and standards for testing mof:or
cases, propellant charge and nozzles are being experimentally evaluated under
this program. An instrument for finding cracks in metal cases with uitra-
sonic waves has been devised, and standards for interpreting its signal
established. In the current year, the method is being improved and partially
mechanized, so0 that the very large surface of a high thrust motor may be
inspected efficiently. Instruments for inspecting the critical part of the
propellant charge, based upon microwave technology, will be brought from the
laboratory state to breadboard development status during the coming year. In
future years, this instrumentation will be extended to fully mechanized sys-
tems and the specifications and standards for its use will be established,.

Current vehicle systems use many solid propellant motors to provide
retro-propulsion during stage separation and to cause positive acceleration
during the initiation of liquid engine operation. Other solid propellant
motors are used in upper stages of small launch vehicles such as Scouf: and
Delta. This program will undertake the definition of standard classes of
solid propellant motor systems. Small attitude control rockets such as the
Cap Pistol uaits or the Subliming Solid will be advanced to the status; of
demonstrated readiness for application.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1966 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SOLAR AND CHEMICAL POWER PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The Solar and Chemical Power program provides research and technology
necessary for the development of new and improved methods of solar and
chemical power generation for space applications. The program includes
research on all elements of complete systems: (a)the energy collection equip~
ment such as a solar collector or a reactant supply; (b) the energy conversion
devices including solar cells, thermionic generators, turbomachinery, fuel
cells, etc.; (c)the energy storage unit such as a battery or thermal cnergy
storage device; and (d)power conditioning and power management ecquipment,

All active space vehicles require electrical power for the operation
of equipment, such as instruments, communication and data processing. For
manned space missions, electric power is also required for additional functions
such as life support and guidance for controlled reentry. Thus, this multi-
disciplined program makes a direct and significant contribution ti0 a Hroad
cross section of the national space program.

SUMMARY OF RESOURCES REQUIREMENTS:

1964 1965 1956

Supporting research and
tEChn010gy.............-.-....o... $14,000,000 $13L745,000 §l4,200.000

Totalo--oo.oo--.o..oonn.o..oc-co.. $14,0002000 $13,745,000 $14,200,000

Distribution of Program Amount by Installation:

Marshall Space Flight Center.,.... $1,429,000 $2,000,000 51,00),000
Goddard Space Flight Center..sc... 2,170,000 2,425,000 3,075,000
Jet Propulsion Laboratorye.eceececess 2,381,000 3,121,000 3,105,000

Ames Research Center....cssesesces 105,000 191,000 17),000
Langley Research Centerceescscsese 710,000 690,000 741,000
Lewis Research Center..ecsceececeee 6,403,000 4,309,000 5 001,000
NASA HeadquarterS..ccsssceseccessscs 630,000 1,009,000 1,109,000
Western Operations Office,........ 172,000 --- ---
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BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

1964 1965 1966
Solar power generation................ $9,343,000 $8,324,000 $8,519,000
Chemical power generation.......... ... 4,657,000 5,421,000 5,281,000
Total... coveeeiveeaans e ieneaas ...$14,000,000 $13,745,000 $14,2)0,000

Solar Power Generation

Solar cells are the most common energy conversion devices currertly used
for long duration space missions. However, such devices are limited by a
susceptibility to damage by ionizing radiation (i.e., Van Allen electrons and
protons, and solar protons), are relatively expensive, have an upper temper-
ature limit of approximately 150°C and require on board electrical erergy
storage for vehicle operation out of direct sunlight. During the past three
years, laboratory research at the Goddard Space Flight Center, the Lewis
Research Center and the RCA and Space Technology Laboratories has determined
the effect of reversing the polarity of solar cells and the effects cf add-
itives, impurities, resistivity, and junction depth on the solar cell's
resistance t0o radiation damage. The research has shown that a contrclled
impurity, reversed polarity cell will have superior resistance to damage by
radiation., As a result, significant progress has been made in increasing
the resistance of the solar cell to Van Allen electrons, such that it has been
increased by a factor of 30.

Until recently it was not possible to predict accurately the space per-
formance of solar cells from measurements made at the Earth's surface. The
solar cell responds differently to energy of different wave lengths and, as
a consequenc2, the conversion efficiency is a function of the spectral
distribution of the light source. Because of atmospheric absorption and
scattering, sunlight at the Earth's surface has a different energy d:stribution
than sunlight in space. Work under this program to launch solar cells to high
altitude atop balloons, measure their performance above the atmosphere and
recover the cells for use as standards, has made it possible to estinate solar
cell space performance more accurately (f 5%) from terrestrial measurements.
These measurements of solar cell performance will be continued in order to
obtain standards of new cells as they are developed.

In another application of solar energy, the direct conversion o:i heat
energy to electricity by the thermionic process continues to show great promise.
The concept of the thermionic converter is similar to the concept described
under the Nuclear-Electric Program except that the electrode that emits
electrons is heated by solar energy rather than by nuclear heat. During the
past year, a 150-watt solar thermionic generator fabricated by the Thermal
Electric Engineering Corp. was operated by the Jet Propulsion Labora:ory at
an efficiency of 10.5 per cent. This generator provides the highest conversion
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efficiency that has been experimentally demonstrated to date. Ian conjunction
with a suitable solar collector, a thermionic generator of this type, when
developed, would weigh less and be less sensitive to radiation damage than a
solar cell system., Thermionic investigations extend from basic research on
materials and metallurgy, through surface physics and chemistry, to engineering
development of thermionic devices and solar collectors.

For orb:ital missions with cyclic periods of sunlight and darkness, it is
advantageous to keep the thermionic generator operating during the dark period,
by supplying heat energy stored during sunlyght. The heat stored by melting
a substance with a high heat of fusion can be used to provide heat tc the
thermionic elements when the system is no longer in sunlight. The use of
thermal energy storage eliminates the need for on board, high cycle, life
batteries and reduces the thermal stresses on the thermionic generatcr by
keeping it hot all the time. Although significant progress has been made
toward identifying suitable thermal energy storage materials and compatible
container materials, thermionic converters have not yet been operatec with
integral theirmal energy storage. Such work is receiving emphasis during the
present year and will be continued during FY 1966.

The design and performance characteristics of power systems based on
thermoelectric conversion of solar energy are also under investigaticn.
Thermoelectric conversion is an extension of thermocouple technology and is
based on the principle that a current will flow between the junctions of two
contacting materials when the junctions are at different temperatures. An
example of research in this area is a flat panel fabricated by Melpar for the
Goddard Space Flight Center with thermoelectric couples between the hot and
cold surfaces. One surface is treated with a coating to produce a high
equilibrium temperature when exposed to sunlight; the other surface is given
a high emissivity coating and operates at a much lower temperature. This
technique shows promise for space missions in toward the sun where temperatures
would exceed the temperature limitations of solar cells,

In research on dynamic systems, the work on the mercury Rankine cycle
(Sunflower) solar dynamic system was successfully concluded with the completior
of a 4300 hour life test. While many problems remain to be solved, the design
and performance characteristics of the system have been determined and the
basic feasibility has been demonstrated. It is believed that sufficient
technology now exists to permit system development if a mission requirement
arises.

An alternate approach to dynamic power conversion is based on a gas
(Brayton) cvcle, which is expected to have higher efficiency, fewer problems
with respect to zero~-g start-up and operation, and longer life as a result of
reduced corrosion problems. During the past year, a compressor and turbine
were successfully operated on 0il bearings at efficiencies slightly above those
selected for the reference system. Work is in progress on both axial. and radial
turbomachinery that will operate on hot gas bearings. Successful conpletion
of tests on these units will be a significant milestone in this work because
the turbomachinery is usually the most critical set of components in a dynamic
system.
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Chemical Power Generation

Much progress has been made as a result of research on problems relating
to batteries and fuel cells. Data have become available from Gulton Industries
and General Flectric Company to permit the design of electronic charge control
circuitry whicl senses the signal from an added third electrode %o regulate
battery recharging rate. The third electrode also relieves the problem of
oxygen gas pressure by dissociating excess oxygen so that it can recombine
with the electrolyte. Life testing of third electrode cells is starting,
and design ideas for multiple cell batteries are being evaluated. In another
battery improvement program, modified cellulose and new plastic materials have
been developed as battery separators to improve the life of silver-cadmium
cells; preliminary indications point to at least a doubling of life as a result
of impeding the migration of silver from cathode to anode.

A breacboard model of a capillary, low temperature H,-0, fuel cell with
passive moisture removal has completed more than 450 hours of operation on a
Gemini type power profile at the Allis~Chalmers Company and is still on test.
The basic design of this fuel cell has potential advantages over present
spacecraft fuel cell designs because it combines features of hign efficiency,
zero-g start and restart capability, relatively low temperature and low
parasitic power. Program objectives include the testing of flignt type
auxiliary hardware, construction of engineering evaluation models in the
2 kilowatt size for testing at the contractor's and NASA laboratories, and
modification of the system to permit collection of water. Auxiliary equipment
to permit further lowering of the start-up temperature is being developed on
this contract, while very high performance electrodes suitable for use in this
system are being developed by American Cyanamid Company. These electrodes may
increase eff:ciency by 10 per cent, which would save chemical and tarkage
weight as we.l as reduce the size of the radiator,

In addition to the work on power generation, an important elemert of the
program is the supporting research on conditioning, distribution, anc control
of electrical power throughout the spacecraft. High voltage arcs, stort
circuits, power surges, switching problems, etc. continue to plague space
power systems, and insufficient emphasis on these problems is indicated.
Continuing progress is being made in improving the reliability, efficiency,
and other important performance characteristics of power converters, inverters,
regulators, and protective devices,
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1966 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY AERONAUTICS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The primary role of the Aeronautics program is to conduct scientific
research to improve the efficiency, utility, and safety of aircraft.
Continuing over-all objectives are:

1. To exercise unbiased technical leadership in the generation
of advanced aircraft concepts.

2. To seek technological advances which will permit the
develcpment of improved aircraft.

3. To prcvide research information to industry for the
design of new aircraft.

The scope of the NASA aeronautical research program includes work in aero-
dynamics, structures, materials, and air breathing propulsion, the operation-
al and safety aspects associated with these disciplines and, to some extent,
electronics and human factors. It is the evolutionary research in these
technical disciplines that provides the fundamental knowledge needed to
understand the complex problems involved in the design and construction of
advanced aircraft. Understanding of these problems, in turn, aids in the
determinaticn of the likely direction of technological advances in the
future. For example, the XV-5A fan-in-wing aircraft, the tilt-wing XC-142A
V/STOL transport, and the variable sweep concept for the F-111 originated
several years ago as promising concepts as a result of NASA research. In

the years between the first indication of the value of the concept and the
first flights of the vehicles, NASA aided in the detailed formulation of the
concepts and in substantiating the over-all capabilities of practical vehicles
based on these concepts.

In addition, NASA has conducted extensive wind tunnel tests, simulator
programs, and flight investigations using appropriate testbed aircraft to
substantiate predicted performance and operational characteristics of these
vehicles and to aid in the solution of problems of a developmental nature.

In this regard, advanced technical development in support of military and
civil aircraft procurement continues to be conducted. This work is performed
in cooperation with Government-sponsored contractors at the request of the
cognizant Government agencies.

Research in Aeronautics in FY 1966 will include studies directed toward

improvement of subsonic aircraft, for example, studies of means of iwproving
the efficiency of transport aircraft by delaying the drag rise due tc
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compressibility effects at transonic speeds; studies of new materials and
structural design concepts required to fabricate reliable lightweight
structures suitable for a long life under high temperature conditiions for
supersonic and hypersonic aircraft; studies of air breathing propulsion

cycles and engine components to increase efficiency and permit the design of
efficient lightweight engines for V/STOL aircraft, supersonic transport, and
hypersonic aircraft; studies of manned hypersonic air breathing wvehicles
which have the potential of providing hypersonic reconnaissance capabilities,
hypersonic transport, and recoverable hypersonic air breathing space >oosters;
and studies directed toward improving flight safety and increasing operation-

al flexibility of present and proposed aircraft, especially under adverse or

"all weather" flight conditions.

Experimental research and development aircraft and engineering test pilot:
proficiency zircraft considered necessary to carry out and support the aero-
nautics effort are included under this program.

SUMMARY OF RESOURCES REQUIREMENTS:

1964 1965 1966

Supporting research and
technology....... ceeens ceseesess  $9,195,000 $7,887,000 $8,300,000
X~15A research aircraft....... RN 900,000 1,425,000 900,000
Supersonic transport.......eceeu.. 8,821,000 19,953,000 16,000,000
V/STOL aircraft..veeeeeceseacoeons 2,879,000 2,850,000 2,000,000
Hypersonic ramjet experiment...... --- 3,125,000 5,000,000

XB-70/SST flight research project.

Total....cvouevuwen crerneens

e 6 a0 a

Distribution of Program Amount by Installation:

10,000,000

$21,795,000

$35,240,000

$42,200,000

b

Ames Research Center.....ieeeu.e $4,446,000 $4,967,000 $4,150,000
Flight BResearch Center.......... 4,630,000 4,037,000 12,420,000
Langley Research Center......... 9,481,000 8,864,000 11,105,000
Lewis Research Center........... 1,852,000 13,566,000 12,700,000
NASA Hezdquarters.......ieevuee. 1,386,000 3,806,000 1,825,000
BASIS OF FUND EEQUIREMENTS :
Supporting Research and Technology

1964 1965 1966

Aircraft aerodynamicS............ . $1,404,000 $1,348,000 $2,000,000
Aircraft loads and structures..... 1,619,000 2,111,000 1,950,000
Air breathing propulsion.......... 1,078,000 2,225,000 1,725,000
Alrcraft operating problems....... 5,094,000 2,203,000 2,625,000
Total... v.iveenreeseneswaseaans $9.195.000 $7,887,000 §§£300J£¥;
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Aircraft Aerodynamics

The objective of research in aircraft aerodynamics is to improve the
flight efficiency, performance, stability, and control effectiveness of air-
craft. These characteristics strongly influence range, payload, economic
feasibility, utility flexibility and safety of operation. 1In the case of
very high speed flight, aerodynamic heating is an additional limitation and
is a target for research.

In the subsonic speed range, particular attention will be devoted during
FY 1966 to acrodynamic means for increasing the capabilities of current and
future commercial and military subsonic jet transports. Theoretical and
wind tunnel investigations will be made to develop new ways to increase
cruising speeds which will directly increase flight efficiency, and to reduce
landing speeds, to permit operation into airports which have shorter i1 unways.
Research will continue on the low speed stability and control of advanced
supersonic craise and V/STOL concepts and an investigation will be in:tiated
of the take-off and landing characteristics of proposed configurations for
hypersonic craise vehicles.

In the supersonic speed range, refinement of theoretical analysis methods
and computer programs for predicting the aerodynamic parameters used ror the
design of supersonic aircraft will be pursued. Basic studies of boundary
layer flows on such aircraft will receive special attention with a view
toward reducing the drag, flow separation, and interference effects. A better
understanding of scale effects in predicting full size performance from
small scale wind tunnel experimental data will be sought.

Analytical and experimental research at hypersonic speeds in FY 1966
will be directed toward refinement of the aerodynamic configurations suitable
for manned sustained hypersonic cruise aircraft, reusable air breathing
propelled, first-stage boosters and earth-to-orbit vehicles. Various
combinations of wings, bodies, and air inlets will be evaluated in teims of
lift drag ratio, stability, control, and heating rates at hypersonic Mach
numbers where the high specific impulse of air breathing propulsion svstems
appears attractive, Concurrently, feasibility studies will be performned to
help define critical basic research problems. An essential task in this
regard in FY 1966 will be an assessment in depth of the need for a prototype
or test bed flight vehicle in hypersonic cruise aircraft development.

The R&D funds requested will be used largely at the Ames, Flight, and
Langley Research Centers for contract studies supplementing the in-house
program described, and for necessary models and instrumentation used :n
their aerodynamic facilities. The requested funds also include those
required for wind tunnel and related investigations in direct support of the
Department of Defense in the development of advanced weapons systems, such
as the F-111 and XV-5A aircraft which will continue in FY 1966.
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Loads and Structures

Research on aircraft loads and structures is directed at improving the
state of knowledge required for the design of efficient and reliable air-
frames for advanced flight vehicles, This includes research relating to the
definition of the structural environment in terms of critical loads and
temperatures, the structural characteristics and structural response under
this environmsnt, and the development and validation of better methods for
design analyses for future vehicles.

Studies have been under way in FY 1965 to define more adequately the
relative importance of such sources of aircraft loads as maneuvers,
atmospheric turbulence, landing, etc. For example, past research on
atmospheric turbulence has led to a generally adequate definition of gust
loads for current subsonic aircraft, but for the safe design of future super-
sonic aircrafi: more precise information is needed on the characteristics of
the atmosphere, particularly for gusts of long wave length.

As aircraft speeds increase structural fatigue is demanding increased
attention. For the first time flight speeds are being reached for which
the effects of temperature must be considered in the design of aircraft on
a routine basis. In FY 1966 the fatigue characteristics of materials with
cracks as well as simple structural specimens embodying various types of
construction, such as welding and riveting, will be experimentally studied
as points of stress concentrations and, therefore, sources of potenticl
failure due to fatigue under high temperature, cyclic load conditions.

Experimental and analytical studies are being conducted of structural
concepts having possible application to hypersonic cruise aircraft. Such
structures must be light weight, must withstand high temperatures on the
exterior, and must provide insulation to protect the low temperature,
internally stored, liquid hydrogen fuel. To withstand the high temperatures
associated with hypersonic flight, refractory materials are used which are
inherently dense and, therefore, must be employed in an extremely efficient
manner. Structural test specimens of two promising concepts are deing
constructed with completion expected during FY 1965. These structures will
be intensively tested under realistic heating and loading conditions during
FY 1966 to evaluate their strength and reliability under these coaditions.

Air Breathing Propulsion

The majcr part of this program in FY 1966 will be directed toward the
solution of problems associated with the Supersonic Transport and the Hyper-
sonic Ramjet Experiment Projects.

The remainder of the research in this field during FY 1966 will be
devoted to obtaining a better understanding of the basic phenomena involved
in the complex systems required for future aeronautical vehicles. Inlets
and nozzles fcr hypersonic propulsion systems will be investigated both
theoretically and experimentally, particularly at off-design conditions.
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Supersonic mixing of hydrogen and air and the resulting combustion of these
gases will be studied. A program to investigate power plant structures and
thermal protection systems associated with high speed propulsion systems
will receive increased emphasis. Facilities capable of true simulation of
all flight conditions of interest at hypersonic speeds and promising methods
for modifying existing tunnels to obtain a more realistic testing environment
will be investigated.

Specific military programs will continue to receive wind tunnel test
support. Research leading to the improvement of existing systems will be
conducted on a continuing basis. Typical of these is the testing, do:umenta-
tion, and possible modification of the F-111 induction and exhaust systems,
and the study of the X-22A full scale ducted fan.

Aircraft Operating Problems

Research in this area is directed toward improving flight safety and
increasing operational flexibility of present and proposed aircraft. Ob-
jectives of the research program are to obtain improvements in aijrcrait
flying and handling qualities, in operational techniques during landing and
take-off under all weather conditions, and in instrumentation directly
related to the safety of flight. Research programs in the fields of sonic
boom and aircraft noise are also included.

Experimental and analytical studies started in FY 1965 to ottain funda-
mental information on the generation and propagation of noise frcm the
exhaust jets and the compressor and fan components of turbojet and turbofan
engines will be continued during FY 1966. Theoretical studies show that
small noise reductions in each engine component can be made, giving a total
significant noise reduction. Experimental engine component studies w:.ll be
made in the Noise Research Facility at the Langley Research Center to
establish the effects of number of blades, blade loading, stage separation,
etc., on noisz generation. Inlet noise suppression and noise propagat.ion in
ducts will also be studied.

The techniques and procedures required to insure safe operation of
commercial transport aircraft in turbulence or rough air are being investi-
gated. The research program covers four major activities: analysis wind
tunnel tests, flight tests, and piloted simulator tests. The program is
designed to isolate the causes of aircraft upsets due to turbulence and
establish adequate corrective measures. Flight and laboratory research will
be carried oufz on airborne techniques, laser and others, for detecting
regions of clear air turbulence.

The handling qualities of high performance executive type aircraft are

being determined in a flight test program initiated during FY 1965. The
primary objective of this research program is to formulate handling qualities
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criteria which, if met, will ensure safe instrument flight operations with
general aviation aircraft. Both single and twin engine aircraft representa-
tive of current production models by different manufacturers will be used in
the flight program during FY 1966.

X~-15 Research Aircraft

=

1964 1965 1966
Aerodynamics..ceevsscnnevoanns $130,000 $78,000 $40,000
Loads and structureS......e... -—— 13,000 120,000
Operating problems..........., 770,000 1,334,000 140,000

Total....veieveeeoneenonnnan 2900!000 §1!425!000 $900,000

The X-15 Research Program, conducted in cooperation with the Department
of Defense, is designed to provide data on manned, maneuverable hypersonic
flight. During the course of the flight test program, through calendar year
1964, more than 100 flights have been made, including more than 75 flights at
speeds greater than a Mach number of 4. Of these flights, more than 50 have
been made at Mach numbers above 5.

The X-15 remains the only research facility in the world capable of
studying hypersonic flight in its true enviromment. Experimental results
to date have 3ziven basic insight into problems of aerodynamics, structures,
propulsion and operations during hypersonic flight. Of major importance,
the X-15 results have given, and will continue to give, confidence and
guidance to rasecarch in ground based hypersonic research facilities enabling
exploration in depth of many hypersonic flight problems. These ground
facility studies in turn are defining probable hypersonic flight vehicles
whose projectad operation defines new research problems to be explored by the
X-15. ‘

In the light of the progress made in this research program, advantage
was taken of a repair program initiated in X-15-2, as a consequence o:
damage sustained in an emergency landing, to increase its performance. As
rebuilt, the aircraft can provide longer sustained flight at Mach 6.0 and
can attain Mach 8.0 for short periods. The longer sustained flight expands
greatly the capability in hot structures research, enabling near equil.ibrium
temperature o be reached. The higher speed enables studies of hypersonic
propulsion systems in a true environment which cannot yet be accomplished by
any ground research techniques; this makes possible the Hypersonic Ranjet
Experiment described elsewhere.

Past success in using the jettisonable lower ventral fin for structural
research at hypersonic speeds lead to rebuilding the damaged wing tip of
X~15-2 as a removable section, thus providing a valuable extensicn of the
earlier techniques, particularly insofar as enabling structural reseaich on
lifting surfaces. Results from these 42" span instrumented wing tips will
be unique as basic design data for sustained hypersonic flight vehicles.
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In addit:ion to a continuing program in basic hypersonic flight research,
the operational success of the X-15 program has opened its use to space
sciences as a carrier vehicle for certain experiments requiring its urnique
performance capabilities. For example, research on horizon seekers fcr
satellites has been undertaken and information on stellar ultraviolet radia-
tion has been gathered using the X-15 as a carrier vehicle.

In five and one-half years of flight test, from 1959 to December 1964,
the X-15 program not only has contributed to the increased confidence of
designers of current high performance aircraft, such as the YF-12A and SR-71,
but has focusad attention on the areas which required additional research,
noted above. The future program will be directed toward these areas, to
provide information for the next logical step in our flight research program--
manned, maneuverable hypersonic cruise flight.

Supersonic Transport

1964 1965 1.966
AerodynamicsS..cveeeoencranenane . $1,202,000 $1,514,000 51,000,000
Loads and structures......... veee 308,000 157,000 700,000
Propulsion....ccoeeenseneieennces 1,605,000 16,177,000 13,300,000
Operating prodlems.......cvu.ns. 5,706,000 2,105,000 1,000,000

Total...vevireeionneenccnaneenn $8,821,000 $19,953,000 §16,QO0,0Q9

The NASA role in the national supersonic transport program is to provide
the necessary research information on a timely basis. During the past: year
the NASA program on supersonic transport configurations, for example, has
provided information that shows how substantial improvements in payload or
range can be achieved over what was considered possible a year ago. The
contractor proposals to the Federal Aviation Agency in Phase II A of its
program reflect this work. Research in FY 1966 will be an extension of work
in progress last year in the areas of propulsion, aerodynamic efficiency,
dynamic stability, noise, sonic boom, and structural materials.

Funding for FY 1966, for example, includes a substantial sur to continue
the accelerated research program initiated in FY 1965 to provide the
technology required for the design of advanced power plants needed for:
future operational supersonic transports and for follow-on vehicles. The
work in this field in FY 1966 will be directed toward improving engine
component performance, raising the present limit on turbine inlet tempera-
tures as a means of improving engine thrust for a given engine size, and
reducing engine weight. The program will concentrate on the key components
of gas turbine engines, namely compréssors, combustors, turbines, materials,
bearings, seals, lubricants, and fuels. This research, in time, will lead
to more reliable and more efficient turbine engines having thrust-to-weight
ratios considerably above those of today's engines.
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In the supersonic transport operating problems area, the joint NASA-FAA
simulation program on supersonic transport air traffic control will be con-
tinued to determine the effects of the air traffic control systems on design
requirements for the aircraft and on operating techniques. The studies will
utilize various proposed supersonic transport designs in a real time, air
traffic control, environment and investigate priority requirements, new air
traffic control concepts, aircraft instrumentation, and possible navigation
improvements. The critical nature of the fuel reserve problem and the
potentially severe air traffic control requirements are expected to place
heavy demands on the navigation system for precise control of flight path over
the ground.

Emphasis during FY 1966 will also be placed on simulator studies to aid
in defining the aerodynamic characteristics of the supersonic transport
necessary to meet the handling quality requirements at high speeds. Filoted
simulator studies using fixed based and three degrees of freedom moticn
simulators wi.ll be made to define the handling qualities of representative
supersonic transport designs at or near cruising speed under normal ard
emergency flight conditions.

In addition to the ground based simulator studies of supersonic transport
operating problems, flight tests will be conducted utilizing specially
modified large jet transports to validate and extend simulation results, to
define the height control requirements in flare and landing, and to evaluate
the requirements for airworthiness test procedures. These programs will
utilize aircraft already owned by the NASA or obtained on short term lease for
this purpose.

V/STOL Aircraft

1964 1965 1966
Aerodynamics . veueeeennenocacann $509,000 $990,000 $¢00,000
Loads and St:ructUresS.....ce.uveee 560,000 180,000 100,000
Propulsion........... fereseneran 950,000 750,000 200,000
Operating problems.............. 860,000 930,000 £00,000

Total...vvesevenneenareennnans $2,879,000 $2,850,000 $2,000,000

In FY 1966, greater attention will be given to the potential use of
V/STOL aircraft for civil applications. 1Initial studies of the small STOL
aircraft will be extended to additional wind tunnel investigations anc to a
flight evaluarion of a configuration considered suitable for short-hacl
commercial operation into relatively small unprepared areas. Special
emphasis will be given to providing research and operational information
required in the development of more sophisticated, larger, V/STOL short-haul
aircraft required to satisfy increasing transportation needs in congested,
highly developed areas.

RD 21-8



Continued high priority will be given to wind tunnel and, if feasible,
flight investigations of high speed jet V/STOL types. For example, special
study will b2 made of interference and engine hot-gas reingestion problems,
of particular concern for jet V/STOL designs.

Investigation of the problems of all weather landing for V/STOL aircraft
will be continued. 1Included will be a study using a high performance NASA
research helicopter as a test bed to investigate basic pilot display require-
ments during simulated zero-zero landings. An increase in the undersianding
of the factors affecting minimum and optimum requirements for V/STOL handling
qualities and control, under Visual Flight Rules as well as Instrument: Flight
Rules conditions, will also be obtained through continuing flight studies
with two NASA variable-stability V/STOL aircraft and with the six-degree-of-
freedom simulator; related information will be obtained through NASA partic-
ipation in specific military flight evaluations (e.g. on the XC-142A tilt-
wing, X-19A tilt-prop, and XV-5A lift-fan vehicles).

Flight and wind tunnel studies to investigate the characteristics of
several new rcotor concepts having the potential of greatly improved poerform-
ance for future helicopters will continue; particular attention will be given
to the non-articulated rotor, studied in flight with the NASA XH-51IN
helicopter.

Hypersonic Ramjet Experiment

1964 1965 1966
Propulsion.,....oeeeceanenn Ceweeen -~ 83,125,000 55,000,000
Total....eeeeveeesncasaesa seens --= §3!125!000 gg!QOO!OOO

Hypersonic lifting vehicles have been studied extensively for applica-
tion to various earth-to-earth and earth-to-orbit missions. Propulsion for
such vehicles could be by rocket, air breathing engine, or a combination of
the two. The much better specific impulse (fuel economy) of the air treath-
ing engine, however, is an especially attractive feature of this type of
engine. Theres is a substantial background of fundamental knowledge appli-
cable to air breathing hypersonic propulsion concepts which indicates a
theoretical capability for positive, useful thrust to orbital speeds. The
next essential step is an experimental demonstration of the feasibility of
these concepts for application to practical future propulsion systems.

Until very recently the design and construction of such an experimental
propulsion system would not have been possible, because of the existerce of
large gaps in essential knowledge, such as the necessary understanding of
supersonic combustion. Now, however, these gaps have been narrowed suffi-
ciently to make such an undertaking feasible and to permit selective increases
in emphasis on the study of component interaction and over-all engine
functioning. Also, until very recently, the testing of such a propulsion
system was irmossible due to the technical inability to build an adequate
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ground based research facility and the lack of a flight vehicle capable of
sustained flight at the required speeds. The X-15-2, rebuilt after i:s
landing accident, now incorporates modifications enabling sustained flight
at speeds in excess of Mach number 6; although these modifications were made
specifically for other research purposes, this increased performance gives
NASA the opportunity of using the X-15-2 as a carrier vehicle for hypersonic
propulsion systems and of accomplishing the required research on thes:
systems. The development and flight test of such a research engine would
both advance the technology and provide key information on which to base the
planning of future research. This project seeks the eventual corstruction
of a ramjet resecarch engine for this purpose.

The ramjet principle has been selected for this study becauce it
promises to be particularly applicable to future hypersonic transport air-
craft and recoverable launch vehicles. Great advantages in reduced waeight
and improved flight efficiency are foreseen with the ramjet at hypersonic
speeds.

The research engine to be developed will use hydrogen as a fuel and will
employ supersonic as well as subsonic burning. It will provide infornation
on ramjets operating in a speed range from Mach 3 upward into the hypersonic
range.

During the first phase of the program, which was started in FY 1965 and
will continue during FY 1966, selected contractors are performing independent
studies to establish technical concepts and accomplish preliminary designs.
These studies consist primarily of analyses such as engine cycle, inlet aero-
dynamics, and combustor and nozzle aerodynamics, with some small substan-
tiating laboratory research. Based on his own selected concept, each con-
tractor will propose complete plans, including schedules and resource require-
ments, for tha construction and ground test of the selected propulsion
system.

Evaluation of these proposals will provide the basis for a decigion on
the continuat:ion of the project through construction and for selectior of a

single contractor.

XB-70/SST Flight Research Project

1964 1965 1966
Aerodynamics..cveeeeencesscranes - - $3,000,000
Loads and s:ructuresS....eeoveeee - - 3,000,000
Operating problems...... cc0ueus -—- - 4,000,000
Total..oiveenvenene ceresenaeas -—— - $10,000,000
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Proposed designs for supersonic transports and hypersonic vehicles
center around vehicles whose operating environment (speed, altitude, duration)
are significantly far removed from that which can be reproduced in a ground
based facility and whose sheer size introduces wholly new problems. “The B-70
as a research tool provides NASA with the ability to validate its basic aero-
dynamic theories and experimental results obtained in ground facilities to
account for, as examples, effects of scale on skin friction and heat t:ransfer,
effects of elastic structure deformation on aerodynamics and the effect of
heat soak on this deformation, effects of vehicle inertia combined with low
damping (high altitude) on vehicle control requirements, effects of vehicle
size on sonic boom generation and propagation, inlet control system require-
ments and many others. All of these problems have been and will continue to
be the subject of major research efforts in analysis and ground based
facilities; the B~-70 program will provide vital guidance and assessment of the
soundness of these programs, assuring that major programs such as the Super-
sonic Transport are proceeding on a sound basis.

The program is being conducted in two distinct phases. The first: phase,
which began in FY 1963, consisted of installation of instrumentation :in the
two XB-70A aircraft during manufacture and the acquisition of certain data of
interest to NASA during the USAF flight test program. The second phase,
beginning in FY 1966, will consist of continuation and expansion of the
initial program and the initiation of research which could not be accommodated
during the USAF flight program. In the first phase of this program, NASA
funded only the costs associated with the instrumentation and data acquisi-
tion required for those measurements of interest to NASA, The major cost,
that of operating the aircraft, was funded by the United States Air Force.

In the second phase, NASA will fund all of the costs associated with the
NASA XB-70/S3T Flight Research Program, including the cost of operatiag one
XB-70 aircraft.

This program is obtaining results which are useful to the Federal
Aviation Agency in its role as manager of the United States Supersonic
Transport program; the FAA is kept informed on the progress of the program
on a continuing basis.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1966 ESTIMATES

OFFICE OF TRACKING AND TRACKING_AND DATA
DATA ACQUISITION ACQUISITION PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The purpose of this Program is to provide tracking and data acquisition
support to meet the requirements of flight projects. Responsive and effi-
cient support is provided for all projects, and as mutually agreed, for proj-
ects of the Department of Defense, other government agencies, univers:ities,
private corporations, international organizations, and other countries engaged
in mutual research endeavors.

Support is provided for manned and unmanned flights; for spacecraft,
launch vehicles, sounding rockets, and research aircraft; for Earth orbital
and sub-orbital missions, lunar and planetary missions, and space probes,

Types of support provided include tracking to determine the position
and trajectory of vehicles in space, acquisition of data from scientific ex-
periments and on the engineering performance of spacecraft and launch vehicle
systems, transmission of commands from ground stations to spacecraft, com-
munication of information between various ground facilities and mission con-
trol centers, and processing of the data acquired from the space vehicles.
Without this vital support, the space research program would not be poassible,

Tracking and data acquisition support is provided by a world-wide net-
work of ground stations (including Department of Defense stations and in-
strumented ships), and by general purpose facilities in launch areas., These
stations are linked together by a network of ground communications which pro-
vides the real-time information necessary for critical decisions. Facilities
also are provided to process into meaningful form the large amounts of data
which are collected from flight projects.

Tracking and data acquisition facilities are used for support of current
missions. At the same time, they must be augmented to meet the requirements
of missions in the immediate future, Concurrently, planning must proceed for
projects which are even further in the future, and equipment and techniques
must be developed to assure a sound technological approach for the support of
the more complex mission requirements of- the next generation.

The Research and Development Appropriation provides funds for: (a) the
operation and maintenance of the world-wide facilities, (b) the procurement
of equipment and modifications to adapt the facilities for new and changing
flight project requirements, and (c) the development of advanced tracking
and data acquisition equipment and techniques. The subsequent secticns de-
tail plans and related funding requirements to continue the Tracking and Data
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Acquisition Programin each of these areas during FY 1966.

In FY 1965, the Congress authorized $261,900,000 for the Tracking and
Data Acquisition Program. As indicated below, NASA has allocated an amount
of $274,750,000 for the program. This is due to the transfer of general
tracking and data acquisition functions and related funding authority from
certain flight projects in the Space Science and Applications Program to the
Tracking and Data Acquisition Program.

Responsibility for the Space Flight Operations Facility (SFOF) a: the
Jet Propulsion Laboratory, Pasadena, California, was transferred from the
Lunar and Planetary Program, This facility provides for the performance of
control functions associated with missions supported by the Deep Spac:
Network,

Also transferred to the Tracking and Data Acquisition Program was
responsibility for providing ground station support for the Applications
Technology Satellite. Funds for this function were formerly included in the
Applications Technology Satellites Program,

SUMMARY OF RESQURCES REQUIREMENTS:

1964 1965 1366

OperationSceeesscssecscesscenassnnses 978,131,000 $102,819,000 §129,300,000
EqQuipment,..ceeveseeecessaassseseasss 103,326,000 157,248,000 102,400,000
Supporting research and technology.. 12,890,000 14,683,000 14,500,000

Totalesiseeeereaaesnesvacoansesses $194,347,000 $274,750,000 $246,200,000

Distribution of Program Amount by Installation:

Marshall Space Flight Center...... $2,900,000 $2,000,000 $1, 500,000
Goddard Space Flight Center....... 132,817,000 195,201,000 173,400,000
Jet Propulsion Laboratory......... 42,070,000 59,799,000 53,000,000

Wallops StatiON.ieesccesceossscase 5,100,000 5,450,000 £,900,000
Flight Fesearch Center.....eceoees. 1,800,000 2,200,000 2,000,000
Langley Research Center.....ceceec. 2,450,000 2,200,000 2,500,000
NASA HeadquarterS..eseeeccssssscass 7,210,000 7,900,000 7,900,000

BASIS OF FUNDING REQUIREMENTS:

Operations
1964 1965 1966

Manned space flight network......... $18,795,000 $24,258,000 $3%5,100,000
Satellite networK.iieeesseeecoecscaees 23,464,000 27,340,000 32,300,000
Deep Space NetworK...eoceeenseeooscne 11,833,000 19,394,000 23,700,000
Other IinstrumentatioNeseeesoscesaoss 5,736,000 6,100,000 ¢,300,000
CommunicationS.eeseecestcovnnsccsans 12,026,000 18,627,000 23,800,000
Data pPYroCes3SiNg, . vieeeeceosacscesecs 6,277,000 7,100,000 8,100,000

Total.. R BRI S ST S AP R IE I SO AR Y S IE B A A §78, 131,000 §1024819,OO£ §129'300:00(Z
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Manned Space Flight Network

L 1965 — 1966
$13,795,000 $24, 258,000 $35,100,000

The Mannad Space Flight Network was ready to support the Gemini Program
on schedule, The various required equipments were installed at the stations
and checked out., Training of operating staffs was completed and miss:on
simulations were conducted to verify operating procedures and to integrate
the stations into a cohesive network, Operational readiness is assured for
support of the remaining Gemini launches.

The Manned Space Flight Network for support of Gemini consists of seven
primary land stations at Cape Kennedy, Florida; Bermuda Islands; Grand Canary
Islands; Carnarvon, Australia; Hawaii; Guaymas, Mexico; and Corpus Christi,
Texas; two ships, the Rose Knot Victory and the Coastal Sentry Quebec; and
six secondary land stations at Kano, Nigeria; Madagascar; Canton Island;
Point Arguello, California; White Sands, New Mexico; and Eglin Air Force
Base, Florida, The Madagascar station replaces the station which was removed
from Zanzibar as a result of the revolution,

Bringing this world-wide network of stations to the required state of
readiness fcr the Gemini Program has had, and is continuing to have, a direct
impact upon operations costs due to required training and increases in man-
ning levels, logistics, and general network support. This impact is causing
increases in FY 1965, and additional increases will be required in FY 1966 to
maintain the capability of the network during a full year of Gemini cperationms,

Concurrent:ly with providing full operational support for the Gemini Pro-
gram, the Manned Space Flight Network is being augmented for the Apollo Pro-
gram. Not only are significant equipment additions being made to existing
stations, but several new land stations, ships and instrumented aircraft are
being added o the network,

The Manned Space Flight Network, as presently planned for Apollco, will
consist of ten 30-foot antenna stations, three 85-foot antenna stations, two
portable stations with 16-foot antennas, five ships, and instrumented air-
craft, Of these facilities, the three 85-foot antenna stations, three of
the 30-foot antenna stations, all of the ships, and the aircraft wil.. be new,
All of the facilities, including the Gemini stations which will be modified
for Apollo, are scheduled to become operational during the pericd from mid-
1966 through mid-1967, Staffing and training of operating perscnnel must
begin nine to twelve months in advance of the operational dates to asisure
that the stations will be ready to support Apollo missions. In orde: to
meet this schedule, significant operations costs for the Apollo Program
must occur in FY 1966,
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Satellite Network

1964 — 1965 _1966
$23,464,000 $27, 340,000 $32, 300,000

The Satellite Network includes 13 electronic stations of the Space
Tracking and Data Acquisition Network (STADAN) managed by the Goddard Space
Flight Center, and 12 optical camera tracking stations operated by the
Smithsonian Astrophysical Observatory (SAO). The STADAN stations provide a
tracking and data acquisition ground system which tracks, determines the
status of each satellite, commands the satellite functions and acquiras
stored or real-time data from the satellite., The optical camera tracking
stations provide specialized services in precision orbital determination on
certain satellites of scientific interest as well as backup support to
STADAN during launch and early orbit tracking of all satellites.

Operation of the STADAN stations is accomplished through various arrange-
ments, Stations located in the United States and certain foreign countries
are operated under commercial contracts. Others are operated by foreign
government agencies in close liaison with NASA,

During the first-half of FY 1965, the Satellite Network supported 31
satellites using the electronic stations of STADAN and 30 satellites using
the optical capability of the SAO network., In the case of STADAN, this com-
prised 21 NASA projects, 3 international cooperative, 1 industrial, and 6
projects in cirect support of the Department of Defense (DoD). In the case
of the opticzl network of SAO, this included 14 satellites in support of the
SAO's scientific investigations, 14 satellites to provide operational data to
NASA, and 2 satellites in response to DoD requests for support on specific
satellites.

In FY 1966, the Satellite Network will continue to support many of the
same satellites which will still be in orbit. Several of these satellites
have exceeded their estimated lifetimes and the originally planned levels
of support. Adding to the workload will be launchings of new satellites, in-
cluding initial flights of the Orbiting Astronomical Observatory and the Bio-
satellite projects, and additional flights of the Orbiting Geophysical
Observatory project.

Increased operational costs in FY 1966 are caused by the need tc fund
the operations costs of the 85-foot antenna facility at Canberra, the second
such facility at Rosman, North Carolina, and the Range and Range Rate faci-
lities at Alaska. All of these facilities are scheduled to become operational
at the beginning of FY 1966, A small, but general increase of staffing is
required to meet increased workloads in support of scientific satellites at
most stations.
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Deep Space Network

—1364 1965 1966
$11,833,000 $19,394,000 $23,700,000

The Deep Space Network provides tracking and data acquisition support
for unmanned lunar and planetary space flights. The network provides track-
ing data which are used to determine, and make mid-course corrections to,
spacecraft trajectories; acquires engineering telemetry data concerning per-
formance of the spacecraft systems so that appropriate corrections can be
made to spacecraft operations as required, transmits commands to spaczacraft
to execute the above functions; and records the scientific data which are
acquired frow the spacecraft.

Associated with the Deep Space Network is the Space Flight Operations
Facility (SFCF) which is located at the Jet Propulsion Laboratory, Pasadena,
California. The SFOF receives information transmitted via ground comnunica-
tions from stations of the Deep Space Network, processes the data, and dis-
plays the resulting information so that mission directors and associated proj-
ect personnel can analyze real-time mission performance, make critical de-
cisions concerning functions which must be executed by the spacecraft, and
transmit instructions to the stations for commands that must be sent to the
spacecraft,

The SFCF was established and initially operated by the Office of Space
Science and Applications as part of the Lunar and Planetary Program. In
recognition of the close relationship between the Deep Space Network and the
SFOF during actual operations, management responsibility for the SFOF, on
December 1, 1964, was transferred to the Office of Tracking and Data Ac-
quisition. Coincident with this change, all FY 1965 funds, which were al-
located for mission-independent functions of the SFOF in the Lunar and
Planetary Program, were moved to the Tracking and Data Acquisition Program.
The FY 1966 request includes funds for continuation of these functiorns.

During FY 1966, the initial flights of the Lunar Orbiter, Surveyor,
and Pioneer projects will occur. To meet the flight schedule, the Deep
Space Network and the SFOF for the first time must be prepared to surport
more than one mission at the same time,

At the Dbeginning of FY 1966, the Deep Space Network will consist of two
operational 35-foot antenna facilities at each of the three longitudinal lo-
cations required to maintain continuous surveillance of a lunar or planetary
mission. Two of these facilities (Madrid, Spain and Canberra, Australia)
will become fully operational in the second half of FY 1965 so that {full op-
erational costs will occur for the first time in FY 1966, Additional opera-
tions funds will be required in FY 1966 to provide early operations personnel
for the prototype 210-foot antenna facility nearing completion at Go.dstone,
California, and the spacecraft checkout facility which will beccme operational
at Cape Kennady,
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Other Instrumentation

1964 1965 1966
$5.,736,000 $6, 100,000 $6,300,000

This category provides funds for operating instrumentation systems used
for support of sounding rocket programs conducted by Fort Churchill, Canada,
and Wallops Sration, Virginia, and for the flight research programs at the
Flight Research Center, California, General purpose tracking, telemetry,
data acquisition, recording, timing, plotting, and communications systems
are used as well as special purpose optical and sound ranging (acoustical)
equipment for specific missions,

The instrumentation required for support of missions launched from Wal-
lops Station is operated by NASA contractors and by other government agencies
such as the Weather Bureau, the National Bureau of Standards, the U, &. Navy,
the U. S. Air Force, and the Military Sea Transportation Service. Increased
operations costs for FY 1966 are due primarily to the ship operation costs
of a ship borne sounding rocket expedition to the broad ocean areas of the
southern hemisphere., At Fort Churchill, the instrumentation is contractor
operated and is funded jointly by the Department of Defense and NASA as a
coopegative effort, Activity will continue in FY 1966 at about the same
rate as in the2 current year,

The Flight Research Center's Aerodynamic Test Range includes three sites
located in the Nevada and Eastern California area. The site at Edwards Air
Force Base is staffed by NASA personnel augmented by some contractor person=
nel. The Ely and Beatty sites in Nevada are contractor operated. Among the
programs to be supported in FY 1966 will be the Lunar Lander Research Vehicle,
the Lifting Reentry Research Vehicle, and the space sciences experiment pro-
gram using the X~15.

Communications -
___lg@i 1965 1966
$12.026,000 $18,.627,000 $23,800,000

The tracking networks are dependent upon reliable and rapid communica-
tions between the stations and their control centers. Acquisition, command,
and control data must be sent from the centers to the stations and th: sta-
tions must relay tracking and telemetry data back to the control centars for
rapid analysis of spacecraft performance so that corrective measures :can be
taken quickly if problems develop aboard the spacecraft.

As spacecraft have become larger and have been designed to perform many
additional and alternative functions, realtime monitoring and control of the
spacecraft by the mission control centers has become an increasingly important
requirement. To support these advanced missions, the requirement:s for volume
and reliability of communications between mission control centers and network

stations have been steadily increasing.
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In order to minimize the actual growth of communications lines and
facilities, the operational communications system has been consolidatz:d into
a single system to support all networks. Communications switching centers
have been established at major locations such as Goddard Space Flight Center;
London; and Australia to provide the maximum capability of sharing ciccuits,
Maximum use is being made of alternate voice and data sharing of circuaits,
However, still further increases in communications capacity are requirced.

In the case of Apollo, additional voice-grade circuits and r.ine
teletype circuits to overseas tracking locations will be needed over the
present Gemini requirements, The major portion of these circuits will be in-
stalled during FY 1966. To further support Apollo, two wide-band data links
must be installed during FY 1966 between Cape Kennedy and Houston tc a2rovide
near real-time telemetry. Initial communications arrangements w:. .1l be started
in FY 1965 to meet ship-to-shore requirements for project Apollo.

Also during FY 1966, additional wide~band data circuits willi become cp-
erational frcm Goddard Space Flight Center to Rosman (North Caroiina) to
support the Crbiting Geophysical Observatory and the Orbiting Astronounical
Observatory; and between Cape Kennedy and Huntsville in support of the Launch
Information Exchange Facility which will operate as a subcontrol center to
the Mission Control Center at Houston to analyze and recommend actions for
the Saturn Ib snd Saturn V launch vehicles,

Data Processing

1964 1965 1966
$6,277,000 $7.100,000 $8,100,000

Information received in the form of tracking and telemetry from satellites
and space probes must be processed into a form that is useful to both those
performing the real-time control of the space vehicle and those cesponsible
for analyzing the scientific data acquired by the spacecraft.

Tracking data are processed to provide orbital elements whi:ch are used
to supply stations with predictions on future passes of the spacecraft and
to provide position information that can be used by the scientific experi-
menters to cetermine where in the trajectory the scientific measirvements
were made.

Telemetry data must be processed to separate the information from the
various scientific experiments aboard the spacecraft, to consolidate infov-~
mation from each experiment, to apply the necessary scaling factors and cali-
brations of the measuring instruments, and to correlate these measurements
with the pos:.tion data mentioned above., Processed data presented to the
experimeniters is the primary objective of the spacecraft missions which are
undertaken to explore and understand space.
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During FY 1964, data were processed at an average of 8,000,000 dcta
points per day. Based upon the first half of the year, it is expectec that
additional launches will occur during FY 1965 which will increase the data
processing workload to an average of 70,000,000 data points per day.

During FY 1966, the data processing workload is expected to increase
to 200,000,000 data points per day. This additional data processing work-
load will result primarily from the increase in observatory satellites, the
Eccentric Geophysical Observatory (EGO), Polar Orbiting Geophysical Ot:serva-
tory (POGO), and Orbiting Astronomical Observatory (0AQ), plus the normal
launching of Lxplorer type satellites whose reliability has increased over
the years so :that they continue to supply useful scientific data for several
years.

Equipment
1964 1965 1966
Manned space flight network., $56,234,000 $114,217,000 $64,000,000
Satellite networK...veeeowsss 15,297,000 17,250,000 14,700,000
Deep space network...veeeosss 12,004,000 11,520,000 9, 800,000
Other instrumentatioNe...o... 4,690,000 5,300,000 5, 500,000
Communications.veseeeeessoesns 4,036,000 4,110,000 4,400,000
Data processingieevesecseesss 11,065,000 4,851,000 4,000,000
Totalieuivesevosnsanensesss $103,326,000 $157,248,000 $102,400,000

Manned Space Flight Network

1964 1965 1966

Receiving systems....evss4..., $8,613,000 $8,388,000 $10,7700,000
Transmitting systems......... 3,142,000 444,000 1, 500,000
Ranging systemS..seeseensesss 3,811,000 7,530,000 2,000,000
Antenna SySteMS..iecessscasss 7,915,000 2,115,000 4,:200,000
Command SYSteMS.esesseossesas 585,000 5,645,000 6,600,000
Data handling systemS.ssessa. 8,339,000 12,675,000 10,300,000
Demodulation systemsS...seeesss 7,123,000 8,800,000 10, 100,000
Communications equipment,.... 165,000 - 3,200,600
Ship modifications..sceeeasrs 4,452,000 37,760,000 —--
Aircraft modifications..esss. -—- 21,700,000 --=
Control centerSieeseesssescss 2,395,000 -—- 4,200,000
General network support...... 6,405,000 5,949,000 5,400,000
Maintenance, spares, and

repPairS.seeessccsenasssanns 3,289,000 3,271,000 5,300, 000

Totalivesseessesnssscoesens 956,234,000 $114,217,000 $64,100,000

Originally implemented as the Mercury Network, the Manned Space Flight
Network has now been augmented for support of the Gemini Program in tae areas
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of tracking, telemetry, command, and communication. Additional augmentation
of the network to meet the vastly increased requirements for support cf the
Apollo Saturn IB and Saturn V programs was initiated in FY 1964 aad is con-
tinuing in fiscal years 1965 and 1966.

Apollo mission requirements encompass instrumentation to provide:
(1) from the early ballistic and earth orbital missions, the engiaecering
data needed for the efficient development of the lunar landing capability,
and (2) for the later lunar missions, information for making the complex
mission decis:ions in real-time and to provide data for subsequent analysis
of systems behavior.

The plamned augmentation of the Manned Space Flight Network for Apollo
will result in ten 30-foot antenna stations, three 85-foot antenna stztions,
two transportable stations with 16-foot antennas, five ships, and eiglt in-
strumented ajxrcraft. This network configuration will provide the ground in-
strumentation support necessary to fulfill the presently defined Apollo Pro-
gram requirements; however, specific mission definition and associatec track-
ing and data acquisition requirements definition is a continuing effort and
additions may be necessary in future fiscal years.

During calendar year 1964, Apollo mission planning has been continued
in greater dertaill as the various spacecraft and launch vehicle character-
istics have become better defined. As a result, additional support require-
ments have been identified. For example, communications and tracking coverage
requirements during the period immediately after launch have been evaluated
for compatibility with newly available spacecraft and launch vehicle zntenna
patterns. Transportable command and telemetry stations must be added at
Grand Bahama and Grand Turk Islands to close gaps in coverage and thus pro-
vide the needed flight control capability during this importan: missicn
phase.

As another example, a review of command and display requirements for
mission fligh: control at the network stations has indicated that the meter
type displays currently used for similar functions in support of the Cemini
Program will no: be adequate for the increased amount of data from the Apollo
spacecraft and launch vehicles. At remote stations with limited capability
for communication with the Integrated Mission Control Center, it will be
necessary to provide data processors and numeric presentation of critical
control paramnaters so the flight controllers can rapidly select and assimi-
late the large amounts of data they need to make the decisions on which the
success of the mission depends. Similar detailed reviews of support capa-
bilities have led to identification of other needed additions to srtandard
network systems,

Receiving, transmitting, and ranging systems will provide the capa-
bilities for transmission and reception of voice and telemetry signals, pro-
vide data for antenna directing, and enable measurement of the positions aand
velocities of the spacecraft and launch vehicles. In FY 1966, sensitive
maser preamplifiers will be incorporated in the stations at Carmarvon,
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Australia, and at Ascension Island to provide increased receiving sensitivity

sufficient to fill gaps in instrumentation support during the critical trans-

position maneuver of the Command/Service Module (CSM) and the Lunar Excursion

Module (LEM). Additional receiving and transmitting channels will be added

at eight land stations and three ships to meet the additional requirements for
instrumentation support for the SIVB stage during Apollo/Saturn V operations.

Antenna systems augmentation in FY 1966 will include UHF/VHF antennas
and feed modifications for support of the SIVB stage. Two l6-foot dizmeterxr
S-band antenna systems are planned for the transportable stations to be used
for launch ar=a support, and equipment is needed to augment the training and
engineering facility at the Goddard Space Flight Center.

Command and data handling systems consist of digital display and compu-
tation equipment for monitoring telemetered spacecraft equipment performance
and astronaut status and for coding and sequencing of commands. These systems
include recorders for storage of telemetry data and station status information,
The augmentation planned for FY 1966 includes provision of digital cormand
remote terminal equipment for the transportable stations at Grand Bahama and
Grand Turk Islands, additional consoles and displays needed to provide
numeric displays for use by the flight controllers, and additional consoles
and recorders for use in support of the SIVB stage during the Apcllo Saturn V
program.

Demodulation equipment extracts the telemetry, communications, and
tracking information from received signals and prepares it for storage and
for input to the data handling systems and communications terminal equipment.
The major element of demodulation systems augmentation in FY 1966 consists
of the provision of additional Pulse Code Modulation (PCM) telemetry de-
comnutation systems for support of the SIVB stage.

Communications equipment consists of terminal equipment necessary for
compatibility with common carrier facilities., Since the equipment 1is
standard in nature and readily available, its procurement for support of
Apollo was not planned for prior years, Funds are requested for the equip-
ment needed for the various network stations in FY 1966.

The control center funds requested will provide equipment whtich rwust be
added to the existing network control centers to enable operational control
of the network during nonmission periods and simulations, and to prov:.de
the capability to assess network performance during mission pericds. Funds
are requested in FY 1966 for equipment to be installed for Apollc support
in the Integrated Mission Control Center at the Manned Spacecraft Cent:er;
the Manned Space Flight Network Control Center at the Goddard Space F.light
Center; and the Space Flight Operations Facility at the Jet Propulsion
Laboratory.

Funds requested for general network support are those necessary 1o meet
expenses for the systems engineering effort, for the shipment of equipment
to the network stations, for the provision of network descriptive documenta-
tion, specifications, and operational manuals, and for the provision of
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standard test equipment. Those requested for maintenance, spares, anc repairs
are primarily for the establishment of spare parts inventories needed to pre~
clude long periods of station downtime during mission periods.

Satellite Network

1964 1965 1566

Tracking SYSteMS.eeeeeecseasres

$2,333,000

$2,332,000

$2, 550,000

Telemetry SySteMS.eseesoceescs 3,790,000 2,721,000 2,455,000
Command and control systems... 566,000 1,081,000 181,000
Recording and display systems. 1,707,000 965,000 696,000
Test, calibration and

checkout aquipment.......... 1,654,000 967,000 65,000
Timing SySteMB..eeececoonssvus 815,000 1,030,000 ©75,000
Real~time data handling

SYSLeNMS. . vaovevesncsesosscacnua 649,000 266,000 538,000
Applications technology

satellite requirements...... 452,000 4,950,000 2,400,000
Control center..ceeeceeeccssvas 153,000 350,000 550,000
General network SUPPOrte...... 1,681,000 1,174,000 1,370,000
Maintenance, spares, and

TEPALYSe 1 eesensoanscnnvasens 1,497,000 1,414,000 1,220,000

Total,.eieeesosoecennceassss 315,297,000 $17,250,000 514,700,000

For the past three years, the Satellite Network has been enlarged and
updated with new facilities and equipment to meet the support requirements
of the second generation scientific and applications satellite projecus.
The major objectives of the equipment program are to provide the network
with the capability for highly precise satellite tracking up to lunar dis-
tances, for acquiring and handling high data output rates, and for pe:form-
ing the more intricate command and control functions required by the more
advanced satellites, particularly those of the large observatory class.

The major item in the tracking systems category in FY 1966 will be for
the modification of existing Range and Range Rate Systems. These modifica-
tions are due to: (a) incorporation of greater gain capability which operating
experience on the first Orbiting Geophysical Observatory has indicated is re-
quired, and (b) reassignment of the frequencies on which the system ojerates,
directed by the international Extraordinary Administrative Radio Confarence
of 1963, The changes will require modification of the transmitters, antennas,
and receivers of the existing Range and Range Rate Systems,

Forthcoming satellites of the observatory and Explorer class will have
orbits with greater eccentricity and therefore will require longer, continuous
periods of tracking and data acquisition by the viewing stations. Additionally,
these satellites will transmit increased quantities of data to adequately
sample the more numerous and complex experiments. It is planned to support
these requirements with a network of high performance telemetry data links.
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Implementation of the high performance links was initiated with FY 1963 funds
and is phased to meet the operational requirements of the flight projects as
they occur. FY 1966 funds will provide sufficient data links to meet the
presently known requirements through calendar year 1967.

Also included in the FY 1966 request are funds for an air transportable
telemetry station. Transportable stations are employed to provide support
for unanticipated requirements or when total requirements do not justify
establishment of a permanent station.

The modernization program for command and control equipment will continue
in the next fiscal year. FY 1966 funding will provide sufficient command links
to meet the workload anticipated during calendar year 1967.

In FY 1966, additional recording units are required to complement the
increased data link capability. Also, additional magnetic tape evaluators
and display units will be purchased to monitor station telemetry »erformance.

Calibrat:ion equipment for maintaining the accuracy of network stations
and major equipment subsystems will be required in FY 1966. Along with the
calibration function, test and monitoring are continuing programs. Prior to
acceptance and installation of new or replacement equipment in the network,
it is necessary to thoroughly evaluate the units for field use. Specialized
spacecraft checkout equipment is required for telemetry, communications, and
command subsystems to verify performance at the Eastern and Western Test
Ranges of the Department of Defense to ensure compatibility between tle
spacecraft and rhe ground systems.

Continuously available, accurate timing signals at each station &ere of
critical importance for experiment analysis and orbit determination. In
FY 1966, improved and more reliable transistorized time standards will be
procured for five sites as part of a program to improve time standards
throughout the network,

With the augmentation of the network with equipment to receive pulse
code modulation telemetry from spacecraft, a program is being initiated in
FY 1966 to outfit selected stations with general purpose on-site data
handling equipment. These general purpose units will be capable of data
compiling and formatting for real-time transmission to the central control
facility as well as to the spacecraft itself.

During FY 1965, the function of providing ground station support for
the Applications Technology Satellite project was transferred from the Ap-
plications Technology Satellites Program to the Tracking and Date Acquisi-
tion Program. Related funding authority also was transferred. The purpose
of this transfer is to assure maximum coordination and integraticon of equip-
ment and facilities required for support of the Applications Techmoloyg
Satellite project with other NASA tracking and data acquisition facilities.
FY 1966 funds are required to continue efforts initiated with prior y:ar
funds. These efforts include procurement of the transportable communications

RD 22-12



station and the telemetry and command stations, augmentation of the second
85-foot antenna facility at Rosman, North Carolina, and modification of the
Satellite Network facility at Mojave, California, to support the Applications
Technology Satellite project.

FY 1966 funds are required to continue implementation of a multi-purpose
control center at Goddard Space Flight Center to handle the numerous scien-
tific satellite projects. It will contain equipment to provide real-time
control of spacecraft and will eliminate the need for separate coatrol cen-
ters now being used.

General nefwork support is a continuing effort., Minor station augmenta-
tions such as antenna hardstands, improved intra-site cabling for power dis-
tribution, and increases in the station air conditioning and heating equip-
ment to accommodate new equipments are necessary in FY 1966,

In a similar manner, maintenance, spares, and repairs is a contiruing
program. Funds in this category provide for spares, modifications, ard

repairs to network equipment,

Deep Space Network

1964 1965 __ 1566
Transmitters.ieeeaesessacacs s $409,000 $78,000 -
Receivers.nisieeessseessaners 4,815,000 2,146,000 $165,000
Station monitoring and
control equipment......oeoun 1,328,000 2,338,000 3,885,000
ANtennas..oseseveancanssesnsan 1,495,000 1,830,000 14,000
Tracking data handling
SYSLEMS.e i casvoncsoasncessnn 342,000 690,000 -
Recording and display
SYSELEMS . eeeenansccsnnnesnn 489,000 223,000 -
Timing SystCamsS..ceeeccocenenn 225,000 320,000 490,000
Control center..eeecenesssass -—— 838, 000 1,758,000
General nezwork support...... 1,276,000 948,000 182,000
Maintenance, spares, and
YEPALLS . eesnnssssosencosan 1,625,000 2,109,000 1,806,000
TOtalieeresessoasnonauseess $12,004,000 $11,520,000 $9,800,000

Use of the L-band frequency for support of lunar and planeteary missions
will be discontinued after the last Ranger flights which are scheduled for
the first six months of calendar year 1965. Conversion to full S-band capa-
bility will be accomplished at that time. The Pioneer, Surveyor, and Lunar
- Orbiter programs all employ S-band systems and are scheduled to bte supported
by the Deep S5pace Network beginning in FY 1966. The Mariner 1964 ope:ation
is being supported by three Deep Space Network stations previously converted
to an interim S-band configuration.
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Procurement of equipment for S-band transmitters has been funded in
prior years ard no funds for this purpose are required in FY 1966. Simnilar-
ly, S-band receiver procurement requires no funding except for minor modifica-
tions at each of the six main stations and the purchase of an additional
“"suitcase' telemetry receiver.

The majcr item of FY 1966 Deep Space Network equipment cost is for
station monitoring and control equipment. This equipment is necessary to
provide the required reliability, flexibility, and operational readiness
to support multiple lunar and planetary missions. The present scaedule in-
dicates a distirnct possibility that Pioneer, Lunar Orbiter, and Surveyor
will all be in flight at the same time, and will require simultaneous cov-
erage by the network to meet mission requirements.

This new equipment will provide continous, semi-automatic monitoring of
the performance of each station, enabling immediate identification of com-
ponents which are approaching marginal performance with respect to pre-
determined limits, Status of station operations will be reported in real-
time to the network director at the Space Flight Operations Facility (SFOF)
so that he can make necessary decisions and initiate corrective actions
promptly. Further, stations may be directed to quickly switch coverage from
one spacecraft o another without loss of significant data.

In a two-phase program which was initiated in FY 1964, station mcnitor-
ing consoles, on-site data processors, and associated equipment are being in-
stalled at all stations, FY 1966 funds are required to complete equipping
the stations at Goldstone, Woomera, Canberra, and Madrid with a full capa-
bility for ne:work support of multiple flight operations. The other stations
of the network will be partially equipped this year but funding required for
completion will be deferred until FY 1967 since the support by these stations
will not be necessary until calendar year 1967,

An antenna pointing system will be installed at Johannesburg, Woomera,
and Canberra to meet the more stringent requirements of the Lunar Orbi.ter
and Surveyor projects. Previously evaluated at Goldstone, this system pro-
vides for automatic antenna positioning from apre-computed tape.

Antenna structural modifications are required to complete ccnversion to
standard $S-baad configuration. These consist of additional electronic com-
ponent housings, improved bearings, and new structural members fcr increased
strength and stiffness. A spare Cassegrain cone, which is a majcr antenna
subsystem containing the low noise maser and transmitter, will be procured
and maintained at Goldstone as a network emergency standby.

The timing system at each Deep Space Network station will be replaced
by a more reliable and accurate clock to function as the master (reenwich
Mean Time (GMT) clock at the site. In addition, frequency synchronizer
units will be provided to each of the stations., These improvements will
make possible the more accurate tracking data required by later Survejyor
and Lunar Orbiter flights,
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The Space Flight Operations Facility (SFOF) was used in support of
Ranger VII, and also in support of the 1964 Mariner operation. Some changes
in control center equipment are necessary as a result of these operaticnal
experiences, Further, for the planned combined Pioneer, Lunar Orbiter, and
Surveyor operations, additional equipments will be required which were not
previously anticipated. Display consoles and communications end-instruments
are required to provide for the simultaneous support of multiple missions,
In addition, expansion of the data handling system is necessary to accommodate
the simultaneous support requirement,

Funds requested for general network support include those necessary to
meet interface requirements of the Surveyor, Lunar Orbiter, and Pioneer
mission-unique equipment. Among these are such miscellaneous items as
cables, junction boxes, and line amplifiers. In addition, a secondary
standards 'laboratory will be established at each of the four overseas sites
for purposes of maintaining adequate calibration of test equipment to assure
readiness of rhe equipments for support of scheduled operations. The cali-
bration standards at the secondary laboratories will be checked period:.cally
against the primary standards maintained at Goldstone.

Maintenance, spares, and repairs are required for all technical systems
and facilities at the Deep Space Network stations, as well as the SFOF, in

order to maintain the equipment in a proper operational status.

Other Instrumentation

__ 1964 1965 1966
$4,690,000 $5,300,000 $5,500,000

A wide variety of fixed and mobile equipment is used to provide in-
strumentation support at Wallops Station and points off the main station,
and at the Flight Research Center. This equipment is under a continuous
preventive maintenance program to assure the necessary reliability for
mission support. In addition, an improvement program is undertaken where-
by individual subassemblies or components of major systems are modified or
replaced to improve the range, speed, accuracy, and flexibility of the systems,
The requirement for these improvements is generated by the large number and
types of rockets in the current and planned flight schedules of Wallops Sta=-
tion and by the high performance characteristics of the flight projects sup-
ported by the Flight Research Center.

The major effort at the Flight Research Center during FY 1966 will be
to continue the program initiated in FY 1964 to update the telemetry system
by modifying the Pulse Code Modulation (PCM) ground equipment to handls
several data formats through the use of programs stored in the core memory,
In addition, pre-detection recording will be utilized to allow for increased
data recovery by the application of various demodulation schemes. These con-
versions are necessitated by the requirement for higher performance telemetry
systems to meet the data output requirements of the advanced test programs
which must be supported.
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At Wallops Station, a considerable quantity of non-recoverable flight
hardware is required in support of the missions. These include not only the
small meteorological rockets launched in association with other primary
flights to obtain last minute wind profiles used for launch azimuth and
elevation angle corrections, but also the radar beacons, transponders,
antennas, and command-destruct receivers installed in launch vehicles,

Communications
1964 1965 1966
$4,036,000 $4,110,000 $4,400,000

The major project in the communications equipment program has been the
conversion from manual to automatic, solid state switches at the Goddard
Communications Center and secondary locations (London, England, and Can-
berra, Australia) which are the focal points for incoming communications.
This conversion, which was started in FY 1964, will provide faster and more
reliable transmission at a lower unit cost for the incoming data than was
previously possible. In addition to removing the manual phase of the opera-
tion, these switching units are capable of handling upcoming flight project
requirements for high speed, large volume data transmission from overseas
locations. Funds requested in FY 1966 will provide for a switching unit at
Hawaii and for additions to the existing switching center at Goddard.

In conjuaction with the conversion program, certain data termina.l equip-
ments are required primarily for Apollo support to permit high speed data to
be transmitted between stations, secondary switching centers, and the Goddard
Communications Center. Imcluded in the FY 1966 request are funds for the pur-
chase of signal simulators, high speed data modulation/demodulation devices,
error detection and correction units, data quality monitors, and distortion
measuring sets.

The funds requested in FY1966 also will provide for needed improvements
in teletype and voice equipment. Examples of such improvements are:
(1) the present wire line between Carnarvon and Geraldton, Australia, which
barely meets minimum reliability requirements, must be expanded to meaet
Apollo requirements; (2) voice digitizing equipment is necessary for :in-
stallation on four radio circuits to improve the intelligibility of voice
communications; and (3) the voice network is being updated to provide selective
signaling, circuit supervision, and assurance information to overseas stations.

Data Processing

1964 1965 1966
$11,065,000 $4,851,000 $4,000, 000

With FY 1964 and FY 1965 funding, the procurement of major equipments
required for processing large amounts of data and for the conversion from
an analog to a digital system will be essentially completed. While the
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purchase of some peripheral equipment associated with the computers will be
necessary in FY 1966, the major portion of the FY 1966 program consists of
the modification and expansion of existing systems to meet the increasing
data processing workload.

The operational data processing equipment will continuously require
minor redesign, modifications, and improvements as well as normal maintenance
and repair. Funds requested in FY 1966 will allow such modifications and
improvements, including a maintenance test laboratory, standardized display
devices, and evaluators and analyzers to decrease downtime of present equipment,

Signal recovery equipment is required for the processing of data which
would otherwise be lost through weak signals. Much of this data is obtained
when the spacecraft is in the apogee phase of its orbit and isscientifically
very important. With recently developed signal recovery equipment, the
retrieval process involving the reprocessing and refining of data is <on-
siderably shortened, Funds requested in FY 1966 will provide eight Pulse
Frequency Modulation (PFM) and Pulse Code Modulation (PCM) signal recovery
units in this program.

Special purpose data processing and display equipment is necessary for
unusual or unique data from individual flight projects. The data require~
ments vary ccnsiderably between flight projects such as Orbiting Astronomical
Observatory (0AO), Orbiting Solar Observatory (0S0), Interplanetary Monitor-
ing Probe (IMP), and Nimbus, resulting in the need for special data and
video processors in both FY 1965 and FY 1966,

The evaluation of analog telemetry tapes is necessary to sort out im-
properly reccrded tapes and to monitor ground station recording performance.
With the increasing number of tapes to be evaluated, present equipment and
facilities are inadequate. Equipment procurement for tape evaluation which
was begun in FY 1965 will continue through FY 1966.

Increases in projected data processing volumes make high density storage
a.d recording essential for both economy and accessibility to the data. Funds
requested in FY 1966 will provide the necessary storage, recording, multi-
plexing, and formatting equipment.

sSupporting Research and Technology

1964 1965 1966

New S}’Stems-................. $2’610,000 $1’375,000 $l,500,000
Integrated systems analysis,

development, and testesc... 2,446,000 2,912,000 3,C24,000
Antenna subsystems,,...eeesee 2,211,000 2,534,000 2,076,000
Receiver and transmitter

SUbSyStemS..-....o.---..... 2’412’000 3’301’000 2’426’000
Data handling and control

SUDSYSEENS, | veveeeconnscnsse 1,608,000 2,004,000 . 2,529,000
Data processing and display

SUDSYSELErIS, sveeseacecssonnse 778,000 1,060,000 1,246,000
Spacecraft subsystems........ 825,000 1,497,000 1,699,000

Totalesineosessessecscsanss $12,890,000 $14,683,000 :§14,QO0,000
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Supporting Research and Technology is the activity whereby the Office of
Tracking and Data Acquisition develops a technology of advanced systems, com-
ponents and techniques which are then used to implement the various networks
to meet the requirements of new flight projects, both manned and unmanned.
Complementary spacecraft subsystems are developed as well as new equipment
for ground instrumentation support. Operation of development sites is con-
ducted so that the performance and reliability characteristics of new com-
ponents and subsystems are proven before the equipment is committed to the
network., Supporting Research and Technology effort is also directed a: re-
duction of rising operations costs by investigating techniques which lead
toward eventual station automation.

New Systems

In FY 1966, one major project will be completed and two new develop-
ments initiated. The Airborne Range and Orbit Determination (AROD) system
which was initiated in FY 1963 will be concluded with the purchase of one
flight test and evaluation unit to demonstrate full system capability,

One new system development to be initiated during FY 1966 is an acquisi-
tion aid. Amcng the technical approaches to be investigated are an inter-
ferometer system and the use of over-the-horizon radar system techniques,

One of these techniques will be selected for full investigation early in

FY 1966. During a spacecraft's reentry into the Earth's atmosphere, a black-
out of normal tracking and communications occurs. It is imperative to re-
acquire the spacecraft's signal immediately after this period. This equip-
ment, when developed, will be capable of rapidly providing pointing data for
the major tracking antenna once the spacecraft comes out of the blackout.

Previous re-entering vehicles were of the Earth orbiting type. As a
result, they had relatively low velocities which produced short blackout
periods and they had followed simple orbital paths so that their general
locations after blackout could be anticipated accurately, This acquisition
aid equipment is needed for future spacecraft such as Apollo which have long
blackout periods because of their much higher reentry velocities and which
have a capability to maneuver such that their position cannot be axtrapolated.

A second new system development is concerned with spacecraft-to-spacecraft
communications. As the investigation of space continues, missions such as
Voyager, or lunar and Mars orbiters will be flown which will, in turn, launch
probes or landers to examine the surface of the body. Direct communication
between Earth and the secondary vehicle is not practical, in view of the
distances involved, and the parent spacecraft must act as a relay between
the two. In FY 1966, a system development will be undertaken to provide for
communications between two unmanned spacecraft.

Integrated Systems Analysis, Development, and Test

Included in this category is the integration into working systems of
the components, techniques, and subsystems which are developed under the
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various disciplines of the supporting research and technology program. Over-
all problems that are unique to a network rather than a specific discipline
are also included in this effort.

One cbjective of this area of effort is the continued development of
techniques needed for future tracking capability. As the exploration of
deep space expands small inaccuracies result in large absolute errors at
planetary distances. For various in-flight maneuvers of single spacecraft,
and for rendezvous assistance of multiple spacecraft, theseerrors must be
reduced,

Another objective is improvement of communications with spacecraft in
deep space. Present capabilities limit the rate of information transmission
to eight bits per second at a Mars distance and, at greater distances, the
rate is exponentially reduced. The requirement for improved systems is
imperative. In FY 1966, studies will be undertaken to evaluate the relative
merits and costs of improvements in several areas such as transmitter power,
receiver sens: tivity, etc., which contribute to the improvement of the space
instrument.,

Broad investigations are underway to analyze and develop corrective pro-
cedures for the growing problem of radio frequency interference (RFI) at
tracking and acquisition sites. As the number of spacecraft emitting sig-
nals increases, the difficulty of receiving only the signals from the proper
spacecraft increases., This situation is further compounded by the growing
amount and complexity of station equipment of extremely high power which
also emits ex:raneous signals which can interfere with reception of the
desired signal. The presence of this RFI is especially severe aboard in-
strumentation ships where even greater concentration of equipment exists,

In FY 1966, the nature and magnitude of the radio frequency interferemnce
problem at the various network facilities will be examined and corrective
procedures instituted.

Antenna Subsystems

The antenna subsystems category continues to be one of the most ¢ritical
areas for development, The design and construction of a prototype 21(-foot
diameter antenna, funded from the FY 1963 Construction of Facilities appro-
priation,will be completed in calendar year 1966. At present, an antenna of
this diameter appears to be as large as 1s economical and practical to build
from a mechanical standpoint. However, future missions will undoubtecdly re-
quire still higher gain antenna systems.

In FY 1966, antenna design concepts, including feeds, structures,
pedestals, servo drives, and interface problems with the basic fcundai:ion
itself will continue to be investigated under this project. All of these
techniques will be applicable to the realization of higher~gain ground
antenna systems when required,
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Receiver and Transmitter Subsystems

This category of effort includes development and test of prototype
hardware whose performance characteristics reflect the requirements datermined
by the integrated systems analysis for more accurate and reliable tracking
and data acquisition support.

To afford a maximum of flexibility to the spacecraft designer where
weight, size, and power are of prime importance, a major effort is being
made to imprcve ground receiving and transmitting subsystems, This is ac-
complished by investigating modulation techniques which better utilize
transmitter power, developing components which produce more transmittar
power, exploiting results of advanced efforts which raduce noise generated
within receiver and preamplifiers, and improving demodulation techniques
which permit better recovery of weak signals from noise,

A seconc. c¢bjective is the realization of trequency sources which are
sufficiently stable and reliable under operational conditions to meet the
support requirements of prolonged space flights. Because of the infinitesi-
mal power received from planetary-distance transmissions, ground equipment
with very narrow bandwidths is required. This minimizes accompanying
noise and permits recovery of the weak signals., However, the narrow band-
widths place stringent stability requirements on spacecraft frequency
sources so that the signal will remain within the passband capability of the
receivers.

Data Handling and Control Subsystems

The functions of telemetry, tracking and command of spacecraft all re-
quire the generation and handling of data. Two aspects of data handling are
considered under this category: the development of techniques and equipment
to handle the data more accurately and more rapidly, and data compression,

An effort started in FY 1965 will continue on a highly efficient, but
more complex telemetry system utilizing feedback control to adapt spacecraft
and ground systems conditions to changing data needs as they occur. Also,
further deve.opment of the control center concert using centralized compu-
tations will continue with emphasis on economies in operations and recording
and storage forsupport of future spacecraft., Development of '"quick look"
capabilities for the stations will also continue.

Data compression is being studied to determine the optimum methcd to
realize the advantages of this technique. These advantages included re-
duced bandwidth with attendant greater range and decreased data quantities
and accompanying reduction in cost and time of processing.

Data Processing and Display Subsystems

The volume of data requiring processing continues to increase, Data
processing facilities will handle 70,000,000 data points per day during
FY 1965 and this is projected to increase to 200,000,000 data points per day
in FY 1966.
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In FY 1966, effort will be directed toward building up the existing
telemetry data reduction capability to match the increasing requirements.
In order to reduce, efficiently and reliably, the tremendous amount «f data
from these high data-rate spacecraft, it has become necessary to develop
several general purpose processing and reduction lines capable of hardling
a variety of projects.

In FY 1966, development and evaluation of prototype hardware for im-
provement to these lines will continue, In addition, techniques will con-
tinue to be developed for recovering telemetry signals when conditiors of
extreme range reduce the signal level from a spacecraft. New data reduction
techniques will be investigated including a study of trade-offs between
various concepts of deep space network operations and data systems design
characteristics.

Spacecraft Subsystems

The forthcoming deep space and extended-stay-missions require high,
long lived performance, Therefore, the integral associated portion cf the
tracking and data acquisition system which is on the spacecraft must also
have the same quality and reliable performance. The numerous, independent
mission functions performed on the spacecraft in support of tracking, data
acquisition, command and communication disciplines are investigated and
developed under this category of effort.

In FY 1966, efforts will be continued to develop second generation
spacecraft transponders, one having a fraction of the weight of the current
system now required for Earth satellites with highly eccentric orbits, and
the other to meet the system performance requirements for planetary missions,
Efforts will also be continued on the development of a family of standard
on-board transmitters, receivers, data handling modules, and memory units,
Associated investigations will be aimed at effecting economies through on-
board data compaction and pre-processing especially for spacecraft pro-
ducing a large volume of data. Development of a standard and reliable
spacecraft command subsystem for Voyager and subsequent spacecraft will
continue. Evaluation of launch vehicle telemetry equipment will continue,
including techniques for on-board data storage, principally in support of the
Saturn program.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1966 ESTIMATES

OFFICE OF ASSISTANT ADMINISTRATOR TECHNOLOGY UTILIZATION PROGRAM
FOR _TECHNOLOGY UTILIZATION

PROGRAM OBJECTIVES AND JUSTIFICATION:

The primary objective of the Technology Utilization Program is tc pro-
vide for the widest practical and appropriate dissemination to industry of
information concerning NASA activities and their results. The NASA program
offers U. S. industry unique opportunities to improve existing industrial
techniques and to develop new products and methods. It is the purpose of
Technology Utilization to assist in identifying quickly these many opportuni-
ties and to insure their expeditious dissemination for the benefit of American
industry, and ultimately the individual U. S. citizen. Technology Utiliza-
tion also includes projects to study and evaluate those factors which will
improve our understanding of the implications of the space program.

SUMMARY OF RESOURCES REQUIREMENTS :

1964 1965 1966
Identification: Technology
searches and surveyS........ $1,090,000 $1,300,000 $1,400,000
Evaluation of innovations..... 580, 000 700,000 700,000
Regional information dissemi-~ :
nation projectS.eccceccceccss 950,000 1,850,000 1,900,000

Analysis of technology transfer;
research and development
management; the long range
implications of the space
PrOBTam, . s svecovcacassoconns 880,000 900, 000 1,000,000

Total...uverevecoosconsannae $3,500, 000 $4,750,000 $5, 000,000

Distribution of Program Amount by Installation:

NASA Headquarters........... $3,500,000 $4,750,000 $5, 000, 000

BASIS OF FUND REQUIREMENTS :

One of the important elements of the technology utilization program is
the identification and reporting of new technology resulting from NASA activi-~
ties. This is accomplished primarily by NASA personnel but in certain circum-
stances by specialists from research institutes, universities and industry.
The identification and reporting of new technology also includes a state-of-
the-art survey effort. This effort is organized around broad scientific
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areas and disciplines. Surveys are now underway in a number of fields includ~
ing inorganic coatings, tape recording and data processing, microelectronics,
antennas, and membrane phenomena. To evaluate reported innovations for origi-
nality and potential value to industrial users, the technology utilization
program utilizes the services of a number of industrial research institutions.
Commercially oriented reports of these developments are then prepared and
published in a number of formats. In FY 1966 the identification and evalua-
tion efforts will be pursued at about the same levels as FY 1965.

In addition to the normal method of dissemination via libraries and
mailing lists, seven pilot projects in regional information dissemination
are being supported. These dissemination centers, in most instances, are
operated by universities. Center personnel review, interpret and convert
new technology to the industrial needs of participating organizations. Using
the latest NASA capabilities (printed index journals, microfiche, computer
tapes and programs, etc.) these centers provide pertinent technological
information on a selective basis to industrial users. The Midwest Research
Institute (MRI) pilot project was initiated in early FY 1962. MRI has
employed a broad approach to dissemination serving more than 1000 firms.

From this experience, MRI is now developing more intensive working relation-
ships with selected firms using back-up computer support from the Aerospace
Research Applications Center (ARAC) at Indiana University. The Aeroswace
Research Applications Center is now nearing the end of its second year of
operation. This center charges companies a membership fee for the services
the center offers. The three primary services are the Retrospective 3earch
Service, the Selective Dissemination Service, and the Industrial Applications
Service. All but two of the original 29 member companies have renewed their
memberships and the center has considerably expanded its enrollment in the
second year. During FY 1964, five centers in addition to MRI and ARAC were
established. These are at Wayne State University (Detroit), the University
of Pittsburgh, University of Maryland, the North Carolina Science and
Technology Research Center and Southeastern State College (Durant, Oklahoma).
All seven centers are pilot programs designed to implement those elements
appropriate to the industrial needs of their respective areas. In addition
to these seven centers, it is planned that several new pilot programs will
be started with FY 1966 funds.

Beginning in fiscal years 1962 and 1963, a number of universities
received grants for research in the management of research and development.
At the University of California (Berkeley) an attempt is underway to estab-
lish a computer simulation of the process of scientific inquiry including
literature search, information retrieval and analogous reasoning. At the
Massachusetts Institute of Technology studies on complex problem solvirg,
interpersonal conflict, multiple task assignments and decision making have
been initiated. Other studies underway include research in contracting
systems and procedures, project management, cost estimation and budgering.

The impact of the space program upon the national economy particularly

with respect to its effect upon the different geographic, industrial, and civil-
ian sectors of the economy; upon national economic growth; and upon the alloca-
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tion of scientific and engineering manpower has been studied within the
Technology Utilization Program. A study recently started at the University
of California (Los Angeles) is attempting to analyze the shifting geographic
patterns of primary first-tier and second-tier contracting. Another study
funded at Washington University (St. Louis) attempts to anaiyze the national
impact of alternative assumptions concerning the level and composition of
governmental spending streams with particular emphasis being laid upon the
nature of the expenditures.

NASA expenditures have had a major impact on the economy of the Cape
Kennedy area, especially on the functioning and development of local govern-
mental units, school boards, planning boards, and utility services. his
impact is being studied in both an empirical and a qualitative sense to learn
the types and magnitude of the problems created by the space center build-up.
In another case, NASA expenditures have stimulated rapid growth of a major
scientific laboratory in Boulder, Colorado. Many changes in the economic
base of the community, population, and local attitudes have resulted. A
study now underway at the University of Colorado will analyze these changes
in considerable depth throughout the community.

It is to be emphasized that the Technology Utilization Program at its
present stage is still very much an experimental program. Future plans,
therefore, call for careful review of every phase of the present Technology
Utilization Program in order to determine the effectiveness of the current
approaches whi.ch are being pursued. Future plans also call for feasibility
studies of the numerous additional ideas generated by the Program, ideas
which offer promising new avenues whereby new science and technology emanat-
ing from the space program can be more readily transferred to the non-space
community.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

ELECTRONICS RESEARCH CENTER
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Office of Advanced Research and Technology Projects:
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

CONSTRUCTION OF FACILITIES

FISCAL YEAR 19 66 BUDGET ESTIMATES
(Dollars in thousands)
NASA INSTALLATION V‘ COGNIZANT PROGRAM OFFICE - LOCATION OF INSTALLATION T COUNTY NEAREST CiTY
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s

| FUR INSTALLAYION
Center I Advanced Reg,
I 1

& Tech,
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INSTALLAT|O'; MISSION

The mission of the Electronics Research Center is to increase

the agency's capability in space electronics by providing the

knowledge and advanced technology needed to overcome deficien-
cies in electronic systems and components. The Center orga-
nizes, manages, and conducts a comprehensive program of basic
and applied space electronics research, It also provides a
focal point for national space electronics research, coordi-
nating nationwide research efforts and sponsoring electronics
research conducted by industry, universities, and private

4dinstitutions.

PROJECT LINE ITEM
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Optical Communications Laboratory
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AUTHORIZATION LINE ITEM:

PROGRAM OFFICE FOR THE PROJECT:

CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

SPACE GUIDANCE LABORATORY

Electronics Research Center

LOCATION OF PROJECT:

COGNIZANT NASA INSTALLATION:

TYPE OF CONSTRUCTION PROJECT:

Electronics Research Center

New

FUNDING:

FY 1965 and Prior Years

FY 1966 Estimate

$110,000

3,900,000

Total Funding Through FY 1966 $4,010,000

PROJECT COST ESTIMATE:

Land Acquisition

Construction

Laboratory
Site preparation
Roads and parking
Utilities

Equipment

Inertial test equipment
Instrumentation equipment

Analysis equipment

Special electronic support

Design

Fallout Shelter (Not

Unit of

Measure Quantity

Sq. Ft.
LS
LS
LS

LS
LS
LS
LS

feasible)

Cambridge, Middlesex County, Massachusetts

Unit
Cost

$32.39
12,300
14,600
32,100

995,000
827,000
200,000
316,000

Office of Advanced Research and Technology

1,503,000
12,300




PROJECT PURPCSE:

This project will provide laboratory facilities and equipment for
electronic research to advance the state-~of-the-art related to space
guidance systems and components.

PROJECT DESCRIPTION:

The two~story building provides laboratory office space, major equip-
ment and special purpose testing space, with approximately 46,400 square
feet of floor area. 30,000 square feet on the first and second floors will
be devoted to laboratory facilities and related office space, and 5,000
square feet of basement area will be used for utilities, maintenance require-
ments and limited storage. 11,400 square feet will contain air-bearing test
tables, precision centrifuges and specialized calibration and alignment equip-
ment. Special building provisions to maintain the environment essential to
the operation of the research equipment in this laboratory will be provided,
148 parking spaces will be included as a part of the site development.
Building utilities will be connected to the central systems for heating,
chilled water, water distribution, electric power, sanitary sewers, commu~-
nications, and drainage provided at the Center. '

Laboratory equipment will be provided to analyze, test, simulate and
generate concepts, techniques and elements for future space navigation and
guidance systems. Specialized test and simulation devices will include
equipment for sensing and generating velocities, accelerations, angular
rates, gravity forces and inertial references as well as analog and digital
data collection and reduction equipment. Cryogenic, and vacuum and magnetic
field control equipment will be included for research on new types of guid-
ance sensors.

PROJECT JUSTIFICATION:

The laboratory will conduct research in guidance and navigation tech-
niques and concepts, and new guidance instrumentation, The building will be
occupied by 190 personnel. Theoretical studies, investigations, experimenta-
tion and tests in trajectory analysis, inertial reference and sensory t.ech-
niques, navigation and guidance components and techniques as well as the
testing of electromagnetic and optical guidance devices on a component and
subsystem bas:is will be undertaken.,

Present gpace guidance systems were originally developed for aircraft
and ballistic migsiles which required very high accuracy for short duration
flights. This technology has been extended and applied to present space
missions. Fo1r example: the Saturn guidance system is an extension of Red-
stone and Pershing technology, and the Apollo guidance system is an out-
growth of developments for Polaris. While the extended performance of these
missile-guidance systems is satisfactory for present missions, there is a
pressing need o do research in guidance techniques optimized for long dura-
tion planetary flights. These new techniques must yield very reliable,
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lightweight systems capable of operating for extremely long periods without
serious degreadation in performance.

In order to achieve this high level of reliability, future guidance
systems must incorporate long-life components with few moving parts, neg-
ligible drift rates, and low power requirements. Basic research toward
securing these objectives is beginning; e. g., the use of coherent light
beams in laser gyros is being explored; the gyroscopic properties of. atomic
nuclei and rotating fluids are being studied; and, the characteristic motion
of a vibrating piezoelectric cylinder, acted upon by extermal forces, is
being analyzed., The chief aim of research of this nature is to contribute
to the NASA mission by discovering advanced concepts leading to more reli-
able, less ccmplex, and cheaper guidance systems,

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1966 ESTIMATES

OPTICAL COMMUNICATIONS LABORATORY

AUTHORIZATION LINE ITEM: Electronics Research Laboratory

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and Technology

LOCATION OF PROJECT: Cambridge, Middlesex County, Massachusetts

COGNIZANT NASA INSTALLATION: Electronics Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING :
FY 1965 and Prior Years $98,000
FY 1966 Estimate 2,100,000

Total Funding Through FY 1966 $2,198,000

PROJECT COST ESTIMATE:

Unit of Unit Total
Measure Quantity Cost Cost
Land Acquisition --- -—- -——- --—
Construction ' $809,000
Laboratory Sq. Ft. 32,000 $23.75 750,000
Site preparation and
foundations LS --- 17,350 17,350
Roads and parking LS -—- 17,000 17,000
Utilities LS -—- 14,650 14,650
Equipment $1,271, 000
Optical transmission
equipment LS o ee- 207,200 207,200
Optical reception equipment LS - 512,300 512,300
Optical analysis equip-
ment LS --- 328,000 328,000
Optics preparation and
material equipment LS --- 243,500 243,500
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Unit of Unit Total

Measure Quantity Cost Cost

Design --- - S S
Fallout Shelter --- - - -0-
TOTAL igé;QQLQQQ

PROJECT PURPOSE :

This project will provide laboratory facilities and equipment for
electronic research to advance the state-of-the-art, related to optical
communications systems and components.

PROJECT DESCRIPTION:

The building will be single story with full basement., The ground floor
(16,000 square feet) and 10,000 square feet of the basement area will be
used for laboratory and office space. The remaining 6,000 square feetf: of
basement area will be used for utility and storage.

Dark rooms and shielded rooms for protection of personnel from high
intensity light radiation sources and elimination of undesired optical
interferences from natural and man-made sources will be provided. The
facility will contain optical test chambers and spectrographic analysis
equipment. RBuilding provisions to maintain the environment essential to
the operation of the research equipment will be included. Site develop-
ment will include 96 parking spaces. The building utilities will be con-
nected to the central heating, chilled water, water supply, electric
power, communications, alarm, and storm and sanitary sewer systems.

The laboratory will contain equipment for the measurement, analysis,
generation and reception of optical energy in the 100 Angstroms to 100
microns wave length region. An analog computer in addition to other data
collection and reduction equipment is required for extracting, restoring
and analyzing information from laser-pulsed sources. Standard equipment
such as spectrographs, optical benches and interferometers will be
complemented by high intensity light sources, sensors, and special de-
tectors for generating and analyzing the ultra-violet, infra-red and
visible emissions.

PROJECT JUSTIFICATION:

This laboratory will conduct research on optical radiation sources
and components, data transmission and recovery techniques, and propagation
phenomena, The building will be occupied by approximately 125 personnel.

The revival of interest in optics, together with the emergence of the
laser, indicates that the wavelength band between 100 Angstroms and 100
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microns offers an impressive potential for the solution of problems related
to space exploration. Applications of optical concepts include communi-
cation, guidance and control, computers and displays, power transmission,
and workshop technology. Few of these concepts have progressed beyond
basic research. The need for a better understanding of natural laws is
evident.

The theoretical limits of the optical method have not been realized.
Tracking and pointing accuracies of 0.1 seconds of arc at system sensitiv-
ities of 0.0]l seconds of arc are theoretically possible with interferometric
techniques, compared with minutes of arc for existing astronomical antennas.
Ranging with a pulse rise time of 10-8 seconds may become feasible over
considerable distances with accuracies of a few meters, affording capability
for topological soundings of the moon, or planets, from orbiting spacecraft.
Lasers, used iIn conjunction with birefringence scanners, image converters and
image orthicons, may be useful for reconnaissance on the dark side of
planets.

The vertical distribution of radiation near the earth, as well as the
spectrum of the sun and stars are largely unknown. Such unknowns have
caused malfunctions of infrared horizon seekers. They affect the per-~
formance of passive optical communication devices and introduce undesirable
complications into the critical beam orientation procedures for optical
communications. Optical instruments do not operate reliably in space
when pointed within a few degrees of the sun, because intensity and spectrum
of background radiation and stray light caused by the solar corona are not
known with sufficient accuracy to be considered in the design of seekers.
These data once established will help solve many of the problems of space
exploration.

Laser and associated concepts for optical communication provide access
to a frequency band that is at least three orders of magnitude wider fthan
the entire R-F band. This facility will be used in the conduct of a program
to explore the potentialities of this region for space application and to
develop the technology to exploit this potential. In addition a program of
laser technology development, including optical communication concepts
utilizing the laser will be conducted. Research will be conducted on
passive optical techniques, radiation detectors, and information theory.
The laboratory program will provide the base for the development of light
weight, precise optical systems which will enable space vehicles to operate
for long periods of time at great distances.

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None

CF 2-9



01-2 40

ELECTRONICS RESEARCH CENTER
FISCAL YEAR 1966 ESTIMATES

OPTICAL COMMUNICATIONS LABORATORY

SCALE IN FEET OPTICAL
0wad 50 75 100 couuummnousﬁ'\ nonﬁov{u —
—— — LABORATORY

SITE PLAN

SCALE IN PEEY

(1) ENGINEERING 8 ADMINISTRATION BUILDING
(2) ELECTRONIC COMPONENTS LAB.
FRONT ELEVATION (3 QUALIFICATIONS & STANDARDS LAB.

(4) MICROWAVE RADIATION LAB.

(9 SPACE GUIDANCE LAB.

(&) OPTICAL COMMUNICATIONS LAB

ROOF
SYMBOLS
ROOF PLAN ) Fy-65 FACILITIES

B FACILITIES PROPOSED IN 1966 ESTIMATES
T"1FUTURE FACILITIES

===PROJECT BOUNDARY

A‘L.S‘———lLlwllﬁl ses: F——u_‘s. 2
G.RO.S.—*—lﬁlG‘PO.S}———A,L.S.—-]

FIRST FLOOR PLAN

LEGEND

=] ELEVATOR

8] STAIRWAY

G.POS. GENERAL PURPOSE OFFICE SPACE
d ALS. ANALYSIS-LABORATORY SPACE

S.PS. SPECIAL PURPOSE SPACE

=3

E s.p8. I M MEN'S LAVATORY
W WOMEN'S LAVATORY

L WOMEN'S LOUNGE

BASEMENT PLAN =D yAIN ENTRANCE

7 PILE FOUNDATION

~
>
-




AUTHORIZATION LINE ITEM:

PROGRAM OFFICE FOR THE PROJECT:

CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

LOCATION OF PROJECT:

COGNIZANT NASA INSTALLATION:

TYPE OF CONSTRUCTION PROJECT:

New

FUNDING :

FY 1965 and Prior Years

FY 1966 Estimate

3,000,000

Total Funding Through FY 1966 10

PROJECT COST_ESTIMATE:

Land Acquisition

Constructicn

Laboratory
Site preparation

Roads and parking

Utilities

Equipment

Unit of

Measure

Sq. Ft.
LS
LS
LS

Microwave measurements
and analysis equipment LS
Microwave transmission

equipment LS
Microwave reception

equipment LS
Data collection and

reduction LS
Microwave materials and

preparation equipment LS

$100,000

MICROWAVE RADIATION LABORATORY

Electronics Research Center

Quantity

40,000

Cambridge, Middlesex County, Massachusetts

Electronics Research Center

965,600
277,100
604,500

53,300

71,500

Office of Advanced Research and Technology



Unit of Unit: Total

Measure Quantity Cost Cost

Design - — - _———
Fallout Shelter -—— - _——— i -0-
TOTAL $3,000,000

PROJECT PURPOSE :

This project will provide laboratory facilities and equipment for
electronic research to advance the state-of-the-art, related to microwave
radiation,

PROJECT DESCRIPTION:

The building will be two-story with a partial basement., Approximately
20,000 square feet on the first and second floors will be devoted to labora-
tory facilities, and approximately 10,000 square feet to office space.

The basement, approximately 10,000 square feet, will be divided for labora-
tory, utility and storage space. Screened rooms and anechoic chambers for
protection against undesirable electromagnetic interferences will be pro-
vided. This facility will be used to conduct both transmission and re-
ception experiments. Building provisions to maintain the proper environment
required for research equipment will be included. The building utilities
will be connected to the central heating, chilled water, water supply,
electric power, sanitary sewers and communications systems. Access roads,
walks, and parking for 100 autos will be provided.

The laboratory includes equipment for the measurement, analysis,
generation and reception of electromagnetic energy over the range of
centimeter, submillimeter, and pseudo-optic wavelengths. Equipment for
extracting, restoring, and analyzing intelligence from complex electro-
magnetic propagation is complemented by special computer simulation equip-
ment, both digital and analog. Standard correlation computers, cryogenic
equipment, and standard microwave test equipment are included. A precision
machine shop and electronic shop provide an in-house capability for building,
assembling, packaging and checkout of special microwave components and
circuits,

PROJECT JUST.[FICATION:

This laboratory is required for the conduct of research on microwave
radiation sources, components, data transmission and recovery techniques,
and propagation phenomena. The facility will be occupied by 180 perscnnel.

The primary objective of the laboratory is to develop techniques for pro-

viding reliable microwave links. Present technology falls far short o¢f pro-
gram objectives. A transmission from the moon that requires 3 watts requires
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1000 watts for Mars. Methods to achieve much larger effective antenna
apertures must be developed. Lightweight spacecraft antenna materials
capable of withstanding high temperatures in space are required. Space-
craft antennas must have a high degree of dimensional stability over

a long period of time, survive meteoroid bombardment, be highly radiation
resistant, and fit compactly into the payload package.

Further investigations required to fulfill future space objectives
include: minimizing multipath spurious response during lander-orbiter
relay link operation, research toward prevention of ionic breakdown
in antennas, refinement of theoretical models of R-F attenuation resulting
from dust storms and meteorological effects, techniques for minimizing
the effect of occultation, and prevention of plasma blackout during lander

entry.

ESTIMATED FIJTURE YEAR FUNDING FOR THIS PROJECT: None

CF 2-~13



-89 - O LhO-TyL

8T

71-2 40

ELECTRONICS RESEARCH CENTER
FISCAL YEAR 1966 ESTIMATES

MICROWAVE RADIATION LABORATORY
SCALE IN FEET
QW2 5C 7% 100
ELEVATOR

FRONT ELEVATION

250
G.P.O.S.—~] LTﬂ!QS FP.OS}——— A.L .S

EL.S. S.PS. A.L.S. A.LS. S.PS.

1
-—G.P.O.S.—ﬂL’W @G.RQS}—‘ A, L.g’]

E A.L.S.

FIRST FLOOR PLAN

SECOND FLOOR PLAN

160°
!
o =
S.PS.
1
BASEMENT PLAN

SITE_PLAN

SCALE ™ FEET

(1) ENGINEERING 8 ADMINISTRATION BUILDING
(2) ELECTRONIC COMPONENTS LAB.

(3 QUALIFICATIONS & STANDARDS LAB.

(4) MICROWAVE RADIATION LAB.

(9) SPACE GUIDANCE LAB.

(6) OPTICAL COMMUNICATIONS LAB

SYMBOLS
[J Fy-65 FaCILITIES

B8 FACILITIES PROPOSED IN 1966 ESTIMATES
C-1FUTURE FACILITIES

==PROJECT BOUNDARY

LEGEND

2] ELEVATOR

2.} STAIRWAY
G.POS. GENERAL PURPOSE OFFICE SPACE
ALS. ANALYSIS-LABORATORY SPACE
8PS QPECIAL PURPOSE 2DACE

M MEN'S LAVATORY

W WOMEN'S LAVATORY

L WOMEN'S LOUNGE

=B MAIN ENTRANCE
PILE FOUNDATION




CONSTRUCTION OF FACILITIES
FISCAL YEAR 1966 ESTIMATES

CENTER SUPPORT FACILITIES, SECOND PHASE

AUTHORIZATICN LINE ITEM: Electronics Research Center

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and Technology

LOCATION OF FRCJECT: Cambridge,Middlesex County, Massachusetts

COGNIZANT NASA INSTALLATION: Electronics Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1965 and Prior Years $85,000
FY 1966 Estimate 1,000,000

Total Funding Through FY 1966 21!085!000

PROJECT COST ESTIMATE:

Unit of Unit Total

Measure Quantity Cost Cost

Land Acquisition - - - -
Consgtruction $1,000,000

Addition to Center heating

and refrigeration plant LS === $295,000 295,000
Site preparation LS === 150,000 150,000
Utilities LS === 525,000 525,000
Roads LS - 30,000 30,000
Equipment .- - - ———
Design ——— - --- —
Fallout Shel.ter (Not feasible) - - === _____ Nome
TOTAL $1,000,000

PROJECT PURPOSE:

This project will provide site development and utility support facilities

CF 2-15



to support tirze Electronics Research Center laboratories proposed for FY 1966,

PROJECT DESCRIPTION:

This project is the second phase of the site development and provision of
support facilities for the Electronics Research Center located on an urban
tract in Cambridge, Massachusetts, The site development and utility construc-
tion and installation covered in this project relate to the FY 1966 construc-
tion projects of the Center.

Site development includes additional site clearing, grading, top soil and
seeding, security fencing, storm drainage, utility tunnels, roads, walkways
and street lighting, required to support the additional laboratories requested
in FY 1966.

The utility support facilities consist of the addition to the Center
heating and refrigeration plant, warehouse-maintenance building, additions
to the underground heat and chilled water distribution systems, sewage
collection and disposal, underground electrical distribution systems, trans-
formers, communication systems, and water systems. As in the case of the
utilities previously provided for the Center, the heat, chilled water, elec~-
trical and water distribution systems will be constructed in utilidors to
facilitate operation and maintenance of Center utilities.

PROJECT JUSTLFICATION:

The Center Support Facilities, Second Phase, are required to operate the
individual laboratories of the Electronics Research Center requested in the
FY 1966 Budget. Without these necessary site-developments and utility support,
the laboratories requested cannot function.

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
CONSTRUCTION OF FACILITIES
FISCAL YEAR 1966 ESTIMATES

LANGLEY RESEARCH CENTER

Page No.

Location Plan..c.coccccccsccsssavnssssacsesssocsescasscscsssscasascasneas CF 5=1
SUMMATY . o v eevveroesscoceacaesnsosecasocsccscansancsseascsoncnsssses CF 5=3
Office of Advanced Research and Technology Projects:
Flight control research facility.....c.ecceeecececseccansoancesss CF 5-4
Light support technology laboratory....ccceeceeecoccecessosssesss CF 5=-8
Increased capabilities of 20 inch mach 6 and mach 8.5 tunmnels.... CF 5-12

Magazine and test area for highly reactive chemical materials.... CF 5-15
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LANGLEY RESEARCH CENTER
FISCAL YEAR 1966 ESTIMATES
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 BUDGET ESTIMATES
(Dollars in thousands)

NASA IRSTALLATION COQCNIZANT BOOQCRAM OFFICE

{ FOR INSTALLATION Off{ce of }

Langley Research Center{ Adv. Research & Tech. |

Langley AFB

I LOCATION OF INGTAL L ATION 1

Hampton, Virginia i

COUNTY

| NEAREST CITY

| Hampton, Virginia

INSTALLATION MISSION PERSONNEL STRENGTH FY 18 64 FY 19 55 | FY 19 66
LRC Mission - Undertake research to provide a technical base | wWAsA PERSONNEL (End of Year) 4330 4308 4308
for such missions as: (1) Manned and unmanned exploration of | CONTRACTOR AND OTHER PERSONNEL 482 502 566
space; (2) Improvement of performance and utility of airborne TOTAL ALL PERSONNEL 4812 4810 4874
flight; plan, develop and operate necessary facilities; LAND NO. ACRES
generate new and advanced concepts; provide research advice NASA-OWNED 540

and assistance to other branches of the Government; dissemi- | OTHER GOVERNMENT AGENCY-OWNED 3618

nate scientific and technical information; search for and NON-FEDERAL (Leases, easements) 72
identify potential industrial applications involved in the TOTAL LAND 4230
course of research, TOTAL CAPITAL INVESTMENT $  249,776.0

(Including NASA-Owned Land) (as of June 30, 1964 ) ’ ‘
ST TR Tia | ELIASS, | TURmEIEN | mlCvenms

Flight Control Research Facility OART 201.0 3,576.0 -0~ 3,777.0
Life Support Technology Laboratory OART 164.0 2,492.0 -0- 2,656.0
Increase Research Capabilities of M-6 and 8.5 Tunnels OART 50,0 682,0 -0- 732,0
Magazine and Test Area for Highly Reactive Chemical Mats, | OART 90,0 1,500.0 -0- 1,590.0

ATUER PRNIECTS

TOTALS

NASA FORM 1029 (REV. NOV 64) PREVIOUS EDITIONS ARE OBSOLETE.

8,250.0




CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

FLIGHT CONTROL .RESEARCH FACILITY

AUTHORIZATION LINE ITEM:

PROGRAM OFFICE FOR THE PROJECT:

LOCATION OF PROJECT: Hampton, Virginia

COGNIZANT NASA INSTALLATION:

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1965 and Prior Years $201,000
FY 1966 Estimate 3,576,000

Total Funding Through FY 1966  $3,777,000

PROJECT COST ESTIMATE:

Langley Research Center

Langley Research Center

Unit of
Measure Quantity
Land Acquisition ~—— -
Construction
Building Sq. Ft. 72,420
Raised floor LS ———
Air conditioning LS ———
Elevator LS -——-
Site work and paving LS ———
Mechanical utilities LS -
Electrical utilities LS -——
Equipment
Projection spheres LS ~—-
Fixed base study stations LS -~
Visual cue generation LS ~--
Signal distribution and
recording LS _———
Building furnishing and
equipment LS —_——

Office of Advanced Research and

Unit
Cost

$21.48
89,100
266,600
40,000
68,900
30,400
187,600

183,000
202,000
470,000
406,000

50,000

Technology

Total
Cost

$2,238,000

1,555,400
89,100
256,600
40,000
58,900
30,400
187,600

$1,311,000
183,000
202,000
470,000
406,000
50,000

CF 5-4



Unit of Unit Total

Measure Quantity Cost Gost _

Design --- -- --- oo

Subtotal $3,549,000

Fallout Shelter ) - === __ 27,000
TOTAL

PROJECT PURPOSE:

This project provides research capability in the guidance and control
aspects of future manned flight missions and fundamental investigations
leading to the optimization of man's performance in aerospace systems.

PROJECT DESCEIPTICN:

This facility will be equipped with research devices including visual

3,375,000

cue generation, projection and display subsystems; a signal conditioning and

transmission network to connect the centralized equipment with study stati
in the facility and with special purpose simulators at other Langley sites
modularly designed, quick change cockpits for use at the study statiomns.
facility will include flexibility to accommodate a large number of widely
varied studies and features to permit rapid test setup and configuration
changes., The facility, to be housed in an addition to the Data Reduction
Center, will provide space for:

1. A high ceiling area for two visual cue projection spheres.

2. The visual cue generation and simulation control equipment,
fixed=base crew stations (wherein the crew remains stationary
and the visual cues and simulation provide the effect of
motion and supporting cockpit assembly), checkout and program
preparation areas.

3. A human performance laboratory to study such problems as
information sensing, display, interpretation and decision
making, and human characteristics in man-machine systems.

4, The effective integration of existing computing equipment
into the simulation complex, together with new equipment,

5. The personnel to conduct the manned flight control and human
performance research as well as the allied research and
devzlopment work in computing techniques and advanced
simulator technology.

762-047 O - 65 - 19 Cl-“ S- 5

ons
>

The



PROJECT JUSTIFICATION:

Effective integration of the astronauts into the spacecraft system is a
major factor in the reliability, safety, and achievement of the research
objectives of future space flight missions. Extensive research is required
to determine optimum control techniques, to improve methods of displaying
information to flight crews, to determine man's capability and function in
the control system, and to determine the effect of guidance and control on
the design of spacecraft and missions. The use of simulators offers the only
means for providing an accurate and realistic representation of the flight
environment.

The primary effort at Langley in this area has been concerned with the
role of man in the control of spacecraft. These studies have been mada
through the iuplementation of special-purpose, mission-oriented facilities
such as the Rendezvous Docking Simulator, the Lunar Orbit-Lunar Approach
Apparatus, the Lunar Landing Research Facility, and the 4-man Supersonic
Transport Simulator. These facilities, although useful for simulation of
specific missiors, do not provide the flexibility and accessibility nezded
for the development of advanced display and control concepts.

The Flight Control Research Facility will provide the basic tools for
conducting advanced research for future manned missions, It will incorporate
a variety of simulators and computing equipment into a well integrated,
flexible complex capable of handling research studies with the necessary
accuracy and completeness. It will also allow for integration of the existing
special purpose simulators into the new complex to carry out the needed
research in an economical and efficient manner.

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None
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CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

LIFE SUPPORT TECHNOLOGY LABORATORY

AUTHORIZATION LINE ITEM: Langley Research Center

PROGRAM OFFICZ FOR THE PROJECT: Office of Advanced Research and Technology

LOCATION OF 2ROJECT: Hampton, Virginia

COGNIZANT NASA INSTALLATION: Langley Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1965 ard Prior Years $164,000
FY 1966 Estimate 2,492,000

Total Funding Through FY 1966 $2,656,000

PROJECT COST ESTIMATE:

Land Acquisition

Construction

Building

Special building equipment
Grading, paving, landscaping
Mechanical utilities
Electrical utilities

Equipment
Envirommental simulators

Laboratory equipment
Laboratory mechanical systems

Design

Unit of

Measure

Sq. Ft.
LS
LS
LS
LS

LS
LS
LS

Quantitx

42,000

Subtotal

Unit
Cost

$25.44
92,800
73,200
168,700
213,900

757,200
23,400
53,400

Total
Cost |

$1,617,000

1,068,400
92,800
73,200

168,700
213,900

$834,000
757,200

23,400
53,400

e e e

$2,451,000
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Unit of Unit Total

Measure Quantity Cost Cost
Fallout Shelter - --- -— 41,000
TOTAL $2,492,000

PROJECT PURPOSE:

This project will provide research capability to obtain and apply the
technology necessary to equip future manned space vehicles of extended dura-
tion with optimum life support systems.

PROJECT DESCRIPTION:

The Life Support Technology Laboratory will contain approximately 42,000
square feet cof laboratory. Included in this facility will be:

1. An advanced systems experimental laboratory to initiate and develop
promising corncepts for life support processes, components, and subsystems,

2. A laboratory for the conception and initial evaluation of instrumenta-
tion to monitor and control advanced life support subsystems and integrated
systems,

3. Laboratories for the evaluation and testing of advanced concepts con-
cerned with water reclamation from biological wastes, humidity control, and
wash facilities,

4, A laboratory for making test setups, and instrumenting systems and
subsystems for evaluation,

5. An environmental component and systems laboratory for the testing
and evaluation of advanced components and subsystems for the control of the
environment within the spacecraft,

6. A full scale integrated systems test area which will contain a large
test chamber required for the evaluation and subsequent modification of com-
plete and integrated manned life support systems including environmental
control, water recovery, food provision, and waste management,

7. A major subsystems test area for the checkout and evaluation of ve-
hicle structures, airlocks, erectable and deployable structures, and functiom-
al mockups of various projected missions as well as for dynamics and stability
studies associated with manned vehicles,

8. A remperature control laboratory for the research and scale testing

associated with both passive and active thermal control concepts for manned
space vehicles,

CF 5~9



9. A test laboratory to determine the physical, mechanical, and degra-
dation characteristics of candidate materials for manned spacecraft and to
evaluate their toxic characteristics,

10. A food and waste management systems laboratory for research cn
optimum methods of preparing and dispensing food and processing the associated
refuse and biological wastes,

11. A contaminant control and biological test laboratory for research
on detection, analysis, and control of gas, vapor, biological and particu-

late toxic substances occurring in spacecraft environments.

PROJECT JUSTLFICATION:

In futur2 years man will engage in space explorations of extended dura-
tion at increasing distances from the earth, Planning for these longer-
duration missions has established the need for improved life support systems.
Present life support systems used on the Mercury vehicle and planned for
Gemini and Apollo are relatively simple containing chemical absorbers, high-
pressure gas storage, and simple humidity controls. These non-regenerative
systems are inadequate for space missions beyond about 30 days. For longer
missions regenerative and reclamation type systems must be used to avoid ex-
cessive weight penalties. Longer duration missions will also demand that
these systems, which will be quite complex, also be extremely reliabla., New
concepts must be explored and new technologies established in order to pro-
vide these missions with optimum life support systems.

The primary effort for life support technology has been concentrated at
the Langley Fesearch Center. However, this effort has been hampered because
of the lack of adequate laboratory space and equipment to accompliish the
planned objectives in this area. This project will provide the laboratory
space needecd to undertake a concentrated research program. Research to be
accomplishec will include the development of promising concepts into tested
hardware, the integration of this hardware into working prototype systems,
and the evaluation of these systems in simulated mission exercises. Other
research will deal with the sensing and control of contaminants and the
pertinent aspects of repair and maintenance. 1In addition to these investiga-
tions, coordination and integration of these experiments and systems must be
carried out with other spacecraft systems such as the instrumentatiom,
structures, and control systems which influence the final configuration.

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1966 ESTIMATES

INCREASED CAPABILITIES OF 20-INCH MACH 6 AND MACH 8.5 TUNNELS

AUTHORIZATION LINE ITEM: Langley Research Center

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and
Technology

LOCATION OF PRCJECT: Hampton, Virginia

COGNIZANT NASA INSTALLATION: Langley Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1965 znd Prior Years $50,000
FY 1966 Estimate 682,000

Total Furiding Through FY 1966 $232,000

PROJECT COST ESTIMATE:

Unit of Unit Total
Measure Quantity Cost Cost _
Land Acquisition —— -—— -——- -
Construction $223,070
Bui lding Sq. Ft. 2,488 30.37 75,550
Foundations and exhaust
tube suapnort LS - 27,870 27,870
Site wort and paving LS -—- 8,880 8,880
Electrical utilities LS - 67,630 67,630
Mechani:cal ytilities LS -—- 43,140 43,140
Equipment $4.58,930
Vacuum storage sphere LS -——— 154,500 154,500
Air coolers LS - 128,750 128,750
Vacuum system LS - 134,280 134,280
Equipment installation LS -—— 41,400 41,400



Unit of Unit Total

Measure Quantity Cost Cost

Design -—- - -——- -
Fallout Shelter (Not feasible) --- --- --- ___None
TOTAL $682,000

PROJECT PURPOSE:

This project will provide for increasing the research capabilities of
the 20~-Inch Mach 6 and 8.5 tunnels in the following respects:

Reducing starting and stopping loads so that winged hypersonic
vehicles may be studied.

Providing an order of magnitude increase in available Reynolds
number range.

PROJECT DESCRIPTION:

This project will provide a 60-foot diameter vacuum sphere to increase
the research capabilities of the 20-Inch Mach 6 and Mach 8.5 tumnnels, An
existing 4l-foct diameter sphere, which does not presently serve these
facilities, will be connected to the proposed 60-foot sphere to allow com-
bined use of both spheres. A pumping system utilizing existing pumps and
motors will be used to evacuate these spheres., A weathertight shelter will
enclose the pumps, associated equipment, and exhaust air coolers.

PROJECT JUSTILFICATION:

Theoretical studies of winged vehicles capable of achieving sustained
hypersonic flight speeds indicate very promising applications in the area
of recoverable boosters and earth=-to-orbit flight, Experimental aercdynamic
studies are required to ascertain if this theoretical potential can be
realized, The presently constituted tunnels at Langley are not suitable for
obtaining the required information. The 20-Inch Mach 6.0 and 8.5 turnels are
correctly sized, and operate in the required Mach number range of 5.5 to 8.5,
however, the method by which these intermittent type tunnels operate imposes
such severe starting and stopping aerodynamic loads that experiments with
winged vehicles are not possible. These limitations can be ovexcome by
reducing the back pressure at the downstream end of the tunnels. This reduc-
tion can be accomplished by increasing the vacuum capacity at the tunnel exit,

ESTIMATED FUJIURE YEAR FUNDING FOR THIS PROJECT: None
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LANGLEY RESEARCH CENTER
FISCAL YEAR 1966 ESTIMATES

INCREASE RESEARCH CAPABILITY OF 20-INCH MACH 6 AND MACH 8.5 TUNNELS
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CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

MAGAZINE AND TEST AREA FOR HIGHLY REACTIVE CHEMICAL MATERIALS

AUTHORIZATION LINE ITEM: Langley Research Center

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and Technology

LOCATION OF PROJECT: Hampton, Virginia

COGNIZANT NASA INSTALLATION: Langley Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1965 and Prior Years $90,000
FY 1966 Estimate 1,500,000

Total Funding Through FY 1966  $1,590,000

PROJECT COST ESTIMATE:

Unit of Unit
Measure Quantity Cost
Land Acquisition -—— ———— ———
Construction
Rocket magazine LS --~ 8122,400
Rocket test facilities LS -—- 337,200
Rocket assembly building LS -== 245,000
Chemical magazine LS _——— 222,600
Site development LS -—- 572,800
Equipment ~-- - -
Design -~ - ———
Fallout Shelter (Not feasible) -~ -——- -—-
TOTAL

122,400
337,200
24:5,000
222,600
572,800

None

500,000

2
|

CF 5-15



PROJECT PURPOSE:

This projzct will provide permanent type facilities that will permit the
safe conduct of solid rocketry testing with high energy modern propellants,
The facilities and test area will supplement the existing facilities in the
hypersonic physics area,

PROJECT DESCRIPTION:

This project will provide small rocket test facilities, a rocket
assembly building to support the test facilities, a rocket magazine, and
chemical magazines. Locations, distances, and design features will be in
accordance with current safety codes to permit continuation of ongoing effort.
The test faciltities will include three test cells and a control hcuse with
barricading and distances suitable for a rocket using 3,000 lbs. cf class 9
propellant material. Concrete and steel structure of the test stands will be
designed to withstand peak stresses possible in the event of rocket mal -
functions. The rocket assembly building will permit operations on a rocket
of up to 3,000 pounds of class 9 propellant., The rocket magazine will be
designed for a maximum of 9,000 pounds of class 9 solid rocket propellant.
The chemical magazine facility will provide segmented areas for various
flammable chemicals utilized in the varied research activities. This entire
facility will be located on an existing isolated site,

PROJECT JUSTIFICATION:

The primary requirement for this project is to permit continuation of
ongoing program activities in full compliance with current safety codes and
safe operational procedures. The Langley Research Center has conducted
programs of rocket motor development and flight programs utilizing rocket
motors for 20 vears.

The missions requiring the Langley rocket facility support include:

1. National procurement agency for the solid fueled Scout rocket
(deve loped at Langley)

Evaluating, trouble-shooting, failure analysis
Improving performnance

2. Flight re-entry projects, such as:
Apollo support
Communications blackout
Detection, and
re-entry heating

3. Orbital projects, such as:

Micrometeoroid study satellites

CF 5-16



4, Atmospheric and space probes
5. Support of solid propulsion rocket development

This Center has developed a competence in solid rockets which is unique
and does not duplicate support available in industry or in other government
laboratories with which Langley staff frequently consult. The particular
competence may best be illustrated by noting that it has contributed greatly
to the perfeci performance of the 4-stage Scout vehicle in the last 10
launches. The contributions were based in part on analysis and static firings
of individual stages in ground test facilities.

Existing Langley rocket facilities will be retained for use as needed but
with smaller motor limits in accordance with revised safety standards.

The Center has no chemical magazine area for the many chemicals used in
modern technology which are toxic or flammable, The number and use of such
chemicals, many in plastic fabrication applications, has proliferated,
Although stringent safety procedures are enforced, good management requires
that a suitably restricted magazine be provided for receiving and dispensing
such chemicals,

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None

CF 5-17
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LANGLEY RESEARCH CENTER
FISCAL YEAR 1966 ESTIMATES

MAGAZINE AND TEST AREA FOR HIGHLY REACTIVE CHEMICAL MATERIALS
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
CONSTRUCTION OF FACILITIES
FISCAL YEAR 1966 ESTIMATES

LEWIS RESEARCH CENTER
(Plum Brook Station)

Location Plan..eeeereecasssveosesossososssossonosssssassosssesassanns
SUMMATY Y. e esevveocesresrsacasrsosossoccecscasssscssssssssssssascscsancaces
Office of Advariced Research and Technology Projects:

Building addition for the 10x10 foot supersonic wind tunnel
for data pProcesSSing...eeceessscoscssansassoscesssasnssssroasssoses

Space power research laboratory...eeseesseseessoascsacssasoaraasnss

Page No.
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] EXISTING FACILITIES

1 - Development Engineering Building and Annex
2 - Flight Research Building

3 - Aero Test Building

4 - Technical Service Building

5 - Procurement and Supply Buildiing
6 - tabrication Shop

7 - Special Projects Laboratory

8 - Liquid Metals Corrosion Laboratory
9 - Materials Processing Lahoratory
10 - Materials and Stresses Laboratory
11 - Fracture Mechanics Laboratory

13 - Rocket Engine Facility

14 - Administration Building

15 - Engine Research Building

16 - Chemistry Laboratory
17 - Liguid Metals Power Laboratory
18 - Space Power Chambers

LEWIS RESEARCH CENTER
FISCAL YEAR 1966 ESTIMATES

LOCATION PLAN

19 - Icing Research Tunnel

20 - Utilities Building

21 - Propulsion Systems Laboratory

22 - 8X6-Foot Supersonic Wind Tunnel
24 - Basic Materials Laboratory

25 - 10A10-Foot Supersonic Wind Tunnei
26 - Rocket Combustion Laboratory

27 - Rocket Laboratory

28 - High-energy Fuels Laboratory

29 - Rocket Operations Building

Opera

1-9 40

PLUM
BROOK
STATION

5 10 20 CLEVELAND ==
MILES
LEWIS
LAKE ERIE RESEARCH
CENTER

/—CENTRAL AREAﬁ

30 - Drop Tower

31 - instrument Research Laboratory

32 - Propulsion Systems Laboratory Operational Building
33 - Electric Propuision Research Biulding

34 - Electric Propuision Laboratory

35 - kneray Conversion | aharatary

EE  FACILITIES UNDER CONSTRUCTION

12 - Hign-ioag Capacity |ensile Testing Facility

23 - Zero Gravity Facility

31 - Addition to Instrument Research Laboratory

FACILITIES PROPOSED IN 1966 ESTIMATES

66-1 Building Addition to the 10X10-Foot Supersonic
Wind Tunnef for Data Processing
66-2 Space Power Research Laboratory

WEST "AREA
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LEWIS RESEARCH CENTER
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FISCAL YEAR 1966 ESTIMATES
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- Reactor Facility
- Administration Bulding
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- Rocket Turbine Laboratory (D)
- Rocket Systems Dynamics {aboratory ()
- Rocket Turbine and Pumg Pilot Laboratory (G)

Central Control and Data Bu;rdlnq iH

p Laburalory [{o}

Altitude Rocked Test Faciiviy (R-i

- Nuclear Rocket Dynamics and Controls Facitity (8-3)

[ FACILITIES UNDER CONSTRUCTION

> Duginsedng buitaniy

15 - Hydrogen Heat Transfer Facility

16 - Spacecraft Propulsion Research Facility {B-21
i7 - Space Propuision Facitity

18 - 133-34.5 KV Electricat Power Substation
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

CONSTRUCTION OF FACILITIES

€-9 4D

(Dol ars in thousands
NASA INSTALLATION 14 S(B?NIZANT PROGRAM OFFICE LOCATION OF INSTALLATION TCOUNTY i NEAREST CIiTY
A/ | FOR INSTALLATION X 1
Lewis Researcii Cenierl J‘ Advanced 1 “ B o
. 1. Research & Technology | _Cieveland, Ohio __| _ Cuyahoga ____ | Lleveland, Ohio
INSTALLATION MISSION T PERSONNEL STRENGTH ev 1964 | ey 18 65 | Fv 13 66
Research and development in the areas of advanced propulsion | Wasa PERSONNEL (End of Year) B ?_—_4_8759—}_ 4847 | 4847
and space power generation. In-house projects include: CONTRACTOR AND OTHER PERSONNEL 300 340 365
materials and metallurgy; bearings, seals and heat transfer TOTAL ALL PERSONNEL 5159 5187 5212
problems at cryogenic and liquid-metal temper atures; combus- M LAND _NO. ACRES
tion and direct-energy conversion processes; chemical, nuclear yasa-owneo 6,380
and electric rockets and their accessories; system control OTHER GOVERNMENT AGENCY-OWNED -
dynamics; plasmas and magnetohydrodynamics; and zero-gravilty | NON-FEDERAL (Leases, casements) 15
effects. The Center maintains technical management of many TOTAL LAND 6,395
NASA contracts, including the Centaur, Agena, M-1 and large TOTAL CAPITAL INVESTMENT
solld propellant rockets. (Including NASA-Ouned Land) (as of Jure 30, 19 64 ) B 239,998.0
. TOTAL
PROJECT LINE ITEM f v | Fgu‘:nzr?T VEAR (Eitlﬁf;i_)ﬂ P e vtimased) ?é‘s';i;:’e‘:)s
| !
Building Addition to 10 x 10-foot Supersonic Wind Tunnel { l
for Data Processing | OART 23.0 407.0 -0- }’ 430,0
Space Power Research Laboratory ! OART 27.0 460.0 -0- ‘ 487.0

ALL OTHER PROJECTS

93.663.0 _
93,713.0

NASA FORM 1029 (REV. NOV 64} PREVIOUS EDITIONS ARE OBSOLETE.

1/ 1Includes Plum Brook Station



CONSTRUCTION OF FACILITIES
FISCAL YEAR 1966 ESTIMATES

BUILDING ADDITION TO THE 10 x 10 FOOT SWT
FOR DATA PROCESSING

AUTHORIZATION LINE ITEM: Lewis Research Center

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and Technology

LOCATION OF PROJECT: Cleveland, Cuyahoga County, Ohio

COGNIZANT NASA INSTALLATION: Lewis Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1965 and Prior Years $23,000
FY 1966 Estimate 407,000

Total Funding Through FY 1966  $430,000

PROJECT COST ESTIMATE:

Unit of Unit
Measure Quantity Cost
Land Acquisition -—— -——- -
Construction
Building Sq. Ft,. 14,480 $25.85
Site preparation LS - 1,300
Roads and parking LS --- -—-
Utilities LS --- 8,100
Equipment
Card and table cabinets LS --- 15,100
Offilce furniture LS ——- 8,200
Design —_— -——— -
Fallout Shelter - - -
TOTAL

Total
Cost

$383,700

374,300
1,300

8,100

$23,300

15,100
8,200

H<n
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PROJECT PURFOSE:

This project will provide an acceptable location for data processing
equipment that is presently on order and required to process the increased
data load.

PROJECT DESCRIPTION:

This project consists of a three-story and basement addition to the
10 x 10 Superscnic Wind Tunnel Building. The structure will be a steel
frame with magscnry curtain walls, The first floor and basement will be
reinforced ccncrete, Exterior dimensions will be approximately 73 feet by
47 feet.

The basement will be used for mechanical and electrical equipment; the
first floor for office space, conference area and toilet facilities; the
second and third floors for the new computer and data processing equipment
and office area.

The wall between the new and existing buildings will be removed on the
second and third floors so that one large computer area will be obtained.

Special air-conditioning equipment will be used for the equipment with
comfort conditioning being supplied for the building. A raised floor system
will be used in the computer and data processing areas.

PROJECT JUSTIFICATION:

Present data collection systems are incapable of processing the increased
data load that is being generated in support of such research programs as the
supersonic transport compressor and turbine components, injection tests, com=~
bustion instability, and simulated power system loop tests. To meet this
requirement, additions to the present data system are being purchased. They
include a 30,000 sample-~per-second data system and telemetry data reduction
system that will be used to process raw data tapes of Centaur and Agena shots.

The additional data processing equipment being delivered in the next
twelve months cannot be housed in the present area. A survey of the buildings
indicates no area of adequate size to accept the complete computing installa-
tion in an efficient, coordinated arrangement, A new computer building would
greatly exceed the cost of the proposed addition,

The large digital computers are a modified 1103 and 7094 Mod. - 1I.
These, with their peripheral equipment, and all of the digital and analog
data systems, are presently housed in two rooms of the 10 x 10 Supersonic
Wind Tunnel office building., This area is already so overcrowded that
peripheral equipment for those systems is located in adjoining offices, With-
out the proposed building addition, the telemetry system will have to be
remotely located and additional people will be required to operate the new

CF /=5



data systems because the equipment could not be centrally located. The out-
put of all digital data systems is accepted by a single computer and is for-
mated for further data processing., The proposed building addition will
reduce the scattering of the systems and thereby reduce the possible need
for a new computer.

ESTIMATED FUIURE YEAR FUNDING FOR THIS PROJECT: None

CF 6-6
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LEWIS RESEARCH CENTER

FISCAL YEAR 1966 ESTIMATES

BUILDING ADDITION TO THE 10 X 10 FOOT SUPERSONIC WIND TUNNEL FOR DATA PROCESSING
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CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

SPACE POWER RESEARCH LABORATORY

AUTHORIZATION LINE ITEM: Lewis Research Center

PROGRAM CFFICE FOR THE PROJECT: Office of Advanced Research and
Technology

LOCATION OF PROJECT: Cleveland, Cuyahoga County, Ohio

COGNIZANT NASA INSTALLATION: Lewis Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1965 and Prior Years $27,000
FY 1966 Estimate 460,000

Total Funding Through FY 1966  $487,000

PROJECT COST ESTIMATE:

Unit of Unit Total

Measure Quantity Cost Cost
Land Acquisition -——- ~—- - ---
Construction $332,500
Building Sq. Ft. 13,300 $ 21.21 282,100

Site development and

utilities LS -=-- 51,400 51,400
Equipment $126,500
Laboratory furniture LS -~ 47,250 47,250
Mechanical support services LS —-- 48,550 48,550
Electrical support services LS --~- 30,700 30,700
Design -~—— - -——- ---
Fallout Shelter (Not feasible) -——— m——- --- ____None
TOTAL $46(,000

CF 6-8



PROJECT PURPOSE:

This project will expand research capabilities in electrochemistry,
fuel cells, fused salt chemistry, secondary battery characteristics and thin-
film photovoltaic cells as related to fundamentals and development of space
electric power systems,

PROJECT DESCRIPTION:

This project provides a new building to be attached to the existing
Energy Conversjon Laboratory in the west area. It will be a two-story
building, without basement, of about 13,000 square feet. The first floor
will provide four laboratory areas and housing for central heating and air
conditioning equipment; the second floor will provide six laboratory areas,
an electrica. equipment room and two small offices.

PROJECT JUSTIFILCATION:

Continued improvement in chemical rocket capability generates ar ever
increasing need for improved auxiliary electric power systems. Since
satellites and space probes require about one-fourth to one-half watts of
electricity for each pound of space vehicle weight, power systems developing
1-10 kilowatts will soon be needed to match the launch capabilities ¢f
Saturn class boosters. Advanced solar cell systems, possibly of the thin-
film type, and electrochemical power systems will play an important part in
filling this need for auxiliary power.

The Lewis Research Center is actively engaged in in-house research aimed
at the fundamentals of many potential space electric power systems. Largely
missing from this Center's research and development effort is the inter-
mediate phase of developing and debugging prototype or bread-board devices
and studies, ai: bench scale, of the unit processes required for future, high
power systens. Also missing is a significant effort on the fundamentals of
electrochemistry. This facility will fill these gaps.

The facility will provide the capability for:

1. An increased research and development effort on the fabrication and
evaluation of thin-film solar cells.

2. Increased work on improving the performance of conventional solar
cells, especially in regards to lowering specific weights ard in-
creasing resistance to radiation damage.

3. Research on new types of high energy-density batteries.

4, The development and evaluation of fuel cell components.

5 Research on fused-salt electrochemical systems.

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None

CF 6-9



LEWIS RESEARCH CENTER
FISCAL YEAR 1966 ESTIMATES
SPACE POWER RESEARCH LABORATORY
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

VARIOUS LOCATIONS

SUMMAY Y s eoorsecesoosscooasoccsscnscssocsassssarsosssacsesassnsossnsse
Office of Manned Space Flight Projects:
Facilities for F-1 engine program,..ccccoesescescsosssssasscsosass
Facilities for J-2 engine program....csecececossccssccscsccscscsas
Facilities for S-1I stage Program..cccecccacsssosccoscoscassssscose
Office of Tracking and Data Acquisition Projects:
Deep space antenna facility, Madrid, Spain...cescececscesesssascase
Deep space antenna facility, Canberra, Australia......ecceceeencee
STADAN facility, Fairbanks, AlasKa@...e.eeeecesscesscsecsscososnoes

Apollo network ground station, Antigua, W, L.
(facility for unified "S" band system)....ceeeeeeccsccccscscnnes

Apollo network ground station, Antigua, W. I.
(community support facilitieS)...ueececeeecesccceovossocassssons

Apollo network ground station, Grand Canary Islands....cceceee.eces

Page No,
GOF 11-1

SF 11-2
2F 11-8

JF 11-13

CF 11-18
SF 11-22

CF 11-27

CF 11-34

CF 11~37

CF 11-42

CF 11



NAT!IONAL AERONAUTICS AND SPACE ADMINISTRATION

CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 BUDGET ESTIMATES
(Dollars in Thousands)

10

T-1T7

NASA INSTALLATION | COGNIZANT PROGRAM OFFICE | LOCATION OF INSTALLATION { COUNTY U NEAREST CITY

| FOR INSTALL ATION ! X

: ! i

t i

| oL :
Various Locations { Manned Space Flight | Not applicable |  Not applicablie { Not applicable
INSTALLAT {ON MISSION PERSONNEL STRENGTH FY 19 64 J FY 19 65 | FY 19 66

NASA PERSONNEL (End of Year)

| CONTRACTOR AND OTHER PERSONNEL
TOTAL ALL PERSONNEL
LAND NO. ACRES

NASA- O'NED

""'HER GOVERNMENT AuEN\_Y OWNEU

NON-FEDERAL (Leases easemenls)

. TOTAL LAND
: TOTAL CAPITAL INVESTMENT [~
(Including NASA-Owned Land) (as of June 30, 19 4 ) -
TR U TSR] Rt | RIS | arivens
| (Estimated)
Facilities for F-1 Engine Program } MSF i 62,196.0 2,007.0 -0~ ‘ 64,203.0
Facilities for J-2 Engine Program . MSF . 29,502.8 2,436.0 -0- i 31,938.8
Facilities for S-II Stage Program . MSF ? 2,863.7 1,690.0 -0- 1 4,553.7
Deep Space Antenna Facility, Madrid, Spain " TDA ; 36.0 472.0 | -0- ! 508.0
Deep Space Antenna Facility, Canberra, Australia | TDA ; 38.0 510.0 | -0- i 548,0
STADAN Facility, Fairbanks, Alaska . TDA i 83.0 1,115,0 ! -0- | 1,198.0
Apollo Network Ground Station - Antigua (Fac. for Unified : ‘ ‘
"S" - Band System) DA : 162.0 2,700.0 -0- ! 2,862,0
Apollo Network Ground Station - Antigua (Community Support ! ]
Facilities) . TDA 3 210.0 3,090.0 | -0- 3,300.0
Apollo Network Ground Station - Canary Islands ‘ TDA | 120.0

;o 7,674,0 -0- 7,79%.0

ALL OTHER PROJECTS

TOTALS

NASA FORM 1029 (REV. NOV 64) PREVIOUS EDITIONS ARE OBSOLETE.



CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

AROLLO WING, MADRID DEEP SPACE FACILIIX

AUTHORIZATION LINE ITEM:
BPROGRAM OFFICE FOR THE PROJECT:

Various Locations

Office of Tracking and Data Acquisition

LOCATION OF FROJECT: Madrid, Spain

COGNIZANT NASA INSTALLATION:

IYPE OF CONSTRUCTION PROJECT: New

FUNDING :
FY 1965 and Prior Years
FY 1966 Estimate

Total Funding Through FY 1966

PROJECT COST ESTIMATE:

Land Acquisition

onst ticn

New wing (first floor)
' (basement)

Utilities

Engine generator

Tunnel

Site development

Air conditioning

Equipment
Design
Fallout Shelter (Not feasible)

$36,000

472,000
$508,000

Unit of
Measure

Sq. Ft.
Sq. Ft.
LS
LS
LS
LS
LS

Jet Propulsion Laboratory

Quantjity Cost

Unit

Total

$472,000

184,000
70,000
5,900
94,000
29,400
4,500
84,200

____None

$472,000

CF 11-18



PROJECT PURPOSE :

This project provides for the construction of a Manned Space Flight
Net (MSFN) wing addition to the existing Control Building at the Deep
Space Station, Madrid, Spain which will house electronic equipments to
permit this antenna system to serve as essential backup to the prime
Apollo station at Madrid.

PROJECT DESCRIPTION:

Exterior dimensions of the new wing are approximately 40 feet wide by
100 feet long. The building will consist of a basement area to serve as a
raceway for equipment wiring and the air conditioning system plenum, and a
floor space of 4,000 square feet to contain the technical equipment. In
addition, there will be a mechanical utility structure of approximately
600 square feet to house the required heating and air conditioning eqiipment
for this wing.

Architecturally, the addition will match the existing building.

PRAJECT JUSTIFICATION:

To support the lunar phases of the Apollo missions, three single
prime 85 foot antenna stations are required at locations around the world,
separated by approximately 120° of longitude, in order to provide continual
spatial coverage. These prime Apollo antennas have been co-located with
the Deep Space facilities to achieve maximum costs savings and to prcvide,
in the near vicinity, a backup capability essential for Apollo missicns in
the event of a failure or malfunction of the single manned flight facility.
To provide the deep space antenna with this capability, certain basic
electronic equipment peculiar to Apollo support must be added to the
station instrumentation. This equipment permits the transmission of data
to the Apollo station for the major data handling and processing functions.
The wing addition to the control building is required to house this equip-
ment.

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None
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CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

APOLLO WING, CANBERRA DEEP SPACE FACILITY

AUTHORIZATION LINE ITEM: Various Locations

PROGRAM OFFICE FOR THE PROJECT: Office of Tracking and Data Acquisition

LOCATION OF FRCJECT: Canberra, Australia

COGNIZANT NASA INSTALLATION: Jet Propulsion Laboratory

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1965 and Prior Years
FY 1966 Estimate
Total Funding Through FY 1966

PROJECT COST ESTIMATE:

Land Acquisition

Construction

New wing (first floor)
(basement)

Utilities

Engine generator

Tunnel

Site development

Air conditioning

Equipment

Design

Fallout Shelter (Not feasible)

$38,000

510,000

£248,000

Unit of
Measure

Quantity

Sq. Ft.
Sq. Ft,

TOTAL

Unit
Cost

Total
Cost

$510,000

207,000
84,900
7,000
91,700
12,800
3,200
103,400

None

iSl0,000
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PROJECT PURPCSE:

This prcject provides for the construction of a Manned Space Flight Net-
work (MSFN) wing addition to the existing Control Building at the Deep Space
Station, Canberra, Australia which will house electronic equipments to per-
mit this antenna system to serve as the essential backup to the prime Apollo
station at Canberra.

PROJECT DESCRIPTION:

Exterior dimensions of the new wing are approximately 60 feet wide by
67 feet long. The building will consist of a basement area to serve as a
raceway for equipment wiring and the air conditioning system plenum and a
floor space of 4,000 square feet to contain the technical equipment. In
addition, there will be a mechanical utility structure of approximately 600
square feet to house the required heating and air conditioning equipment for
this wing.

Architecturally, the addition will match the existing building.

PROJECT JUSTIFICATION:

To support the lunar phases of the Apollo missions, three single , prime
85-foot antenna stations are required at locations around the world, sepa-
rated by approximately 120° of longitude, in order to provide continual
spatial coverage. These prime Apollo antennas have been co-located with the
Deep Space facilities to achieve maximum cost savings and to provide, in the
near vicinity, a backup capability essential for Apollo missions in the event
of a failure or malfunction of the manned flight facility. To provide the
deep space artenna with this capability, certain basic electronic equipment
peculiar to Apollo support must be added to the station instrumentation.

This equipment permits the transmission of data to the Apollo station for
the major data handling and processing functions. The wing addition to the
control building is required to house this equipment.

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None
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CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

STADAN FACILITY EXPANSION

AUTHORIZATION LINE ITEM: Various Locations

PROGRAM OFFICE FOR THE PROJECT: Office of Tracking and Data Acquisition

LOCATION OF PRQJECT: Fairbanks

COGNIZANT NASA INSTALLATION: Goddard Space Flight Center

TYPE OF CONSTRUCTION PROJECT:

FUNDING :
FY 1965 and Prior Years
FY 19656 Estimate

Total Funding Through FY 1966

PROJECT COST ESTIMATE:

Land Acquisition

Construction

Operations building
addition

Utility and storage
building - new

Special air conditioning
for high heat loss
equipment

Switchgear and transformers

Utilities

Site preparation, paving
and landscaping

Electrical distribution

, Alaska

Extension and New

$83,000

1,115,000

$1,198,000

Unit of
Measure

Quantity

5q. Ft.
Sq. Ft.
LS
LS

LS

LS
LS

6,000

7,900

Unit
Cost

$64.00

56.33

85,000
57,000
44,000

36,000
64,000

Total
Cost _

$1,115,000

384,000
445,000
85,000
57,000
44,000

36,000
64,000
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Unit of Unit Total

Measure Quantity Cost Cost _

Equipment —— ——- - _——
Design ~—- ~—- - -———
Fallout Shelter (Not feasible) -—- — -— None
TOTAL $1,115,000

PROJECT PURPOSE :

This project provides for additional technical operations area, mainte-
nance area, and high-quality magnetic tape storage area at the STADAN Alaska
Station. The expansion of technical and support facilities at this station
is required to permit the NASA 85-foot Data Acquisition Facility (DAF) to
effectively support and accommodate major scientific and application satellite
program equipment.

PROJECT DESCRIPTION:

This project provides the construction of a new Utility and Storage
Building of approximately 7,900 square feet and an addition to the Operations
and Telemetry Building of approximately 6,000 square feet of technical area.
The building construction will conform to the architectural appearance of
the existing structures. Air-conditioning and humidity-temperature controls
will be installed to provide the environment necessary for efficient opera-
tion of electronic equipment in all required areas. An elevated floor system
will be installed in areas where electronic equipment cableways are necessary.
The materials used in construction of the buildings shall be of the sub-arctic
type especially suited to the extreme temperature ranges of the locale.

PROJECT JUSTIFICATION:

The Alaska 85-foot station was the first major Data Acquisition Facility
(DAF) constructed by NASA and was completed prior to the full growth of the
flight programs it is now required to support. Equipment installations
necessary to properly support major scientific observatory programs have not
only fully utilized the limited technical area, but have extended beyond this
area, at the expense of needed maintenance and storage space. Additional
spacecraft control and command consoles and wideband data transmission equip-
ments have been and will be required at this facility in support of the
meteorological and scientific observatory programs. These equipments are
essential te the control, monitoring, and performance evaluation of the space-
craft in addition to the spacecraft experiments,
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The Utility and Storage Building is necessary to house and adequately
accommodate & combined electronic and hydraulic maintenance, vehicle
maintenance, and related storage areas in support of the Alaska Facility
complex. This area is especially critical for mass storage of high quality
magnetic telemetry and computer tapes. Extreme weather conditions in the
area restrict maintenance operations during a great part of the year. It
is necessary that proper facilities be available to permit minimum mainte-
nance under any weather condition. Space is also provided to install the
electronics cof the Minitrack interferometer system which will be moved to
the DAF locaticn from College, Alaska, to further consolidate operations
and maintenarice.

ESTIMATED FUTUEE YEAR FUNDING FOR THIS PROJECT: None
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1966 ESTIMATES

APOLLO NETWORK GROUND STATI

ON

AUTHORIZATION LINE ITEM: Various Locations

PROGRAM OFFICE FOR THE PROJECT:

LOCATION OF PROJECT:

COGNIZANT NASA INSTALLATION:

Antigua, West Indies

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:

FY 1965 and Prior Years $162,000

FY 1966 Est:imate

2,700,000

Total Funding Through FY 1966 $2,862,000

PROJECT COST LESTIMATE:

Land Acquisition

Construction

Unit of

Measure Quantity

Acre

Goddard Space Flight Center

40

Instrumeniation and opera-
tions building

Generator building

Collimation tower enclosure

Generators, switchgear and
transformers

Utilities

Fencing, 1roads, grading and
landscaping

Hydro-mechanical services

Antenna and collimation
tower foundations

Collimation tower site
grading and access roads

Intra-site cable

Sq. Ft.
Sq. Ft.
LS

LS
LS

LS
LS

LS

LS
LS

12,000
4,000

Unit
Cost

$5,000

60
40
20,000

540,000
200,000

125,000
40,000

65,000

100,000
110,000

Office of Tracking and Data Acquisition

Total
Cost

$200,000
$2, 500,000
720,000
160,000

20,000

540,000
200,000

125,000
40,000

65,000

100,000
110,000
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Unit of Unit Total

Measure Quantity Cost Cost

Underground power and signal

cables and electrical

distribution LS --- $120,000 5120,000
Communications LS -- 300,000 300,000
Equipment --- --—- --- ---
Design - - - -—-
Fallout Shelter (Not feasible) -=- -—- -——- _ None
TOTAL i££7001000

PROJECT PURPOSE :

This project provides for the construction of facilities required to
install the Apollo S-Band System equipment at Antigua, West Indies, to support
the orbital and lunar phases of the Apollo missions.

PROJECT DESCRIPTION:

The construction of an Operations Building and Generator Building
(including generators, switchgear and transformers) is required. To support
these structures and the antenna, site improvements including roads and
grading, utility systems, and antenna and collimation tower foundations will
be provided. Included in this project are funds for the acquisition of
approximately 40 acres of land.

The Unified 5-Band System, antenna and associated equipment for :he
Antigua Station, is being procured under prior year funding due to develop-
ment and fabrication lead time involved.

PROJECT JUSTIFICATION:

The Apollo flight program requires continuous coverage during the launch
and insertion pnases into orbit and during orbital checkout prior to t:he in-
jection phase of a lunar mission. In order to provide network suppori: to
these orbital and lunar missions, in the launch azimuths of 90 tc 108 degrees,
this station at Antigua, West Indies, is considered mandatory. This project
provides the facilities for the installation of the necessary S-Band f:racking,
telemetry recesption, updata transmission and air-to-ground voice communica-
tion equipment,

ESTIMATED FUTJRE YEAR FUNDING FOR THIS PROJECT: None
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CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

COMMUNITY SUPPORT FACILITIES

AUTHORIZATION LINE ITEM: Various Locations

PROGRAM OFFICE FOR THE PROJECT: Office of Tracking and Data Acquisition

LOCATION OF PROJECT: Antigua, West Indies

COGNIZANT NASA INSTALLATION: Goddard Space Flight Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1965 and Prior Years $210,000
FY 1966 Estimate 3,090,000
Total Funding Through FY 1966 $3,300,000

PROJECT COST ESTIMATE:

Unit of Unit
Measure Quantity Cost
Land Acquisition -——- -— --
Construction *
Three (3) personnel buildings
(officer-type quarters) Sq. Ft, 18,000 $55.56
One (1) personnel building
(quonset-type building) Sq. Ft, 4,000 30.00
Modifications to existing
mess facility ' Sq. Ft. 3,000 40.00
Cafeteria equipment LS --- 80,000
Dry and cold storage
addition (mess hall) Sq. Ft. 2,500 36.00
Refrigeration equipment LS --- 40,000
Laundry building addition Sq. Ft. 4,000 35.00
Laundry equipment LS - 60,000
Power building addition Sq. Ft. 4,000 55.00
Diesel generator LS --- 70,000

Total
Cost

$3,090,000

1,

Ccr

000,000
120,000

120,000
80,000

90,000
40,000
140,000
60,000
220,000
70,000
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Unit of Unit Total
Measure Quantity Cost Cost

Diesel stcrage tank (150,000

gallon) including sitework,

fencing, piping LS --- 100,000 100,000
Water storage tanks, pumping

stations and associated

piping LS -— 60,000 60,000
Sanitary and storm sewers LS - 70,000 70,000
General storage building Sq. Ft. 4,800 37.50 180,000
Vehicle maintenance bldg.

modifications Sq. Ft. 1,600 31.25 50,000
Vehicle maintenance equipment LS --- 25,000 25,000
Dispensary addition Sq. Ft. 1,500 40.00 60,000
Dispensary equipment LS - 40,000 40,000
Recreatiorn facilities

addition LS - 150,000 150,000
Electrical distribution LS - 250,000 250,000
Site preparation and roads LS --- 165,000 165,000

Equipment = -——- - -—-
"Design --- - -—- -
Fallout Shelter (Not feasible) - -——— --- ___ None

TOTAL g;ép90,000

*The square foot and other construction costs are in conformance with previous
construction agency (Navy) experience of construction on Antigua, West Indiesz.

PROJECT PURPOSE:

This preoject will provide for the construction of adequate community
support facilities on the Island of Antigua to house and support the person-
nel of the Apollo Network Ground Station. These facilities augment the
existing Air Force community.

PROJECT DESCRIPTION:

Community support facilities to be constructed consist of three (3)
officer-type Barracks, a General Storage Building, additional'Mess facilities,
a Power Building addition, Water Storage tanks, Dispensary addition, and
additional recreational facilities. Construction will be similar to the
existing Air Base community facilities.

CF 11-38



PROJECT JUSTIFICATION:

The Island of Antigua does not contain a population center adequate to
house and support the Manned Space Flight Station personnel. The existing
facilities located on the leased Coolidge Air Force Base are not adequate to
support additional personnel. The construction of community support facili-
ties is therefore required to support both the permanent and temporary duty
personnel who will operate the Manned Space Flight Station.

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None

762-047 O - 65 - 25 C}? 1 1- 39
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APOLLO NETWORK GROUND STATION

CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

AUTHORIZATION LINE ITEM:

PROGRAM OFFICE FOR THE PROJECT:

Various Locations

LOCATION OF PROJECT: Grand Canary Island

COGNIZANT NASA INSTALLATION: Goddard Space Flight Center

TYPE OF CONSTRUCTION PROJECT: New and Extension

FUNDING:

FY 1965 and Prior Years ~ $120, 000

FY 1966 Estimate

_1,674,000

Total Funding Through FY 1966 $7,794,000

PROJECT COST_ ESTIMATE:

Land Acquisition

Construction

Unified S~band antenna
operations building

Addition to existing tele-
metry building

Raised floor system

Generatcr building

Hydro-mechanical building

Generatcrs, switchgear and
transformers

Utilities

Site preparation, roads
and fencing

Electrical distribution
and signal cabling

Antenna fcundations

Unit of
Measure Quantity
Sq. Ft. 5,600
Sq. Ft. 3,000
Sq. Ft. 6,100
Sq. Ft. 5,100
Sq. Ft. 500
1S ———
LS -——
1S ———
LS ———
LS ———

Unit
Cost

$33.04

33.00
10.00
26 .08
26.00

367,000
18,000

203,000

350,000
45,000

Office of Tracking and Data Acquisition

Total
Cost _

$1,474,000

185,000
99,000
61,000

133, 000
13,000

367,000
18,000

203,000

350,000
45,000
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Equipment

Unified S-band 30 ft.,antenna

Unified S-band Apollo unique
electronics

Optical package

Frequency standard

TIM data processor

TV monitor

DCS data processor/encoder/
modulator

Systems consoles

Group display

Recorders

Receiver and transmitter
subsystems

Ranging subsystem

Test transponders

Communications

Spare parts

Shipping, installation,
integration and checkout

Design

Fallout Shelter (Not feasible)

PROJECT PURPOSE:

Unit of

Measure Quantity
Each 1
LS ———
LS ——
Each 1
Each 1
Each 1
LS ———
Each 7
Each 1
Each 3
LS ———
1S ———
Each 2
LS ———
1S ———
1S ———
TOTAL

Unit
Cost

$1, 250,000

255,000
30,000
50,000

400,000

8,000

600, 000
114,200
100,000
84,300

730,000
100,000

50,000
370,000
454,000

700, 000

Total
Cost

$6,200,000
1,250,000

255,000
30,000
50,000

400,000

8,000

600, 000
800,000
100,000
253,000

730,000
100,000
100, 000

370,000
454,000

700, 000

None

$7,674,000

This project provides for the facility construction and the electronic
equipment necessary to provide the Grand Canary Island manned flight station
(now configured to support Gemini) with the full Apollo S-band capability
for supporting the Apollo missions beginning in the third Quarter of Calendax

Year 1967,

PROJECT DESCRIPTION:

The project provides the Apollo S~band system to fulfull the require-
ments of the Apollo orbital missions, and the facilities to accommodate the
antenna and associated electronics.

Facilities required include an Antenna Operations Building, Power
Building (with generators and switchgear), Hydro-Mechanical Building, and an
expansion to the existing Telemetry Building. Also included are Antenna and

CF 11-43



Collimation Tower foundations, sitework, roads and necessary utilities,

PROJECT JUSTIFICATION:

As a result of the normal and progressive refinement of Apollo flight
program definition, the requirements on either an individual station or on
network coverage may be altered. As a recent result of this process, it
has been determined that ground support to the spacecraft for verification
of orbital injection parameters on launch azimuths of 72 to 80 degrees and
landing information for a sub-orbital abort, must be provided. In order
to support these requirements, full Apollo S-band coverage from Grand
Canary is necessary. The present station is configured solely for Gemini
support. This limited capability is not adequate to meet the new Apcllo
requirements. Consequently, additional facilities and equipments are re-
quired to provide tracking, telemetry, updata transmission and air-tc-ground
voice communications to and from the Apollo spacecraft.

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None

CF 11-44
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
CONSTRUCTION OF FACILITIES
FISCAL YEAR 1966 ESTIMATES

FACILITY PLANNING AND DESIGN

Page No.

Slmarylll.....l.....'.l....OI.....I'.....I............‘........‘... CF 13-1
Office of the Associate Administrator (NASA General)

Facility Planning and deSign.....--...-.-uco-.........-.-......... CF 13-2
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

CONSTRUCTION OF FACILITIES

FISCAL YEAR 19 66 BUDGET ESTIMATES
(Dellars in thousands)

NASA INSTALLATION [ COGNIZANT PROGRAM OF FICE "LOCATION OF INSTALLATION [ counTY " NEAREST CITY
| FOR INSTALLATION N ffina nF I |
Qffice of
All iAssociate Administrator! --- !L --- . -=
INSTALLAT ION MISSION T ' ' PERSONNEL STRENGTH FY 1 FY 19 FY 19
NASA PERSONNEL (End of Year)
See Justification. CONTRACTOR AND OTHER PERSONNEL
TOTAL ALL PERSONNEL Not |Applicable
LAND NO. ACRES
NASA-OWNED
OTHER GOVERNMENT AGENCY-OWNED
NON-FEDERAL (Leases, easements)
TOTAL LAMD
TOTAL CAPITAL INVESTMENT %
(Including NASA-Owned Land) (as of June 30, 19 )
COGNIZANT Fy 19 62 THRU FY 19 FUTURE YEARS TOTAL
PROJECT LINE ITEM OF FICE CURRENT YEAR | (Estimated) (Estimated) ?I::‘L“.;ft::)s
Facility Planning and Design AA $43,937.0 $7,500.0 | Not Not
Applicable | Applicable
i
1
i
i
1
i
i
e A _ I L ‘,
ALL OTHER PROJECTS
TOTALS

NASA FORM 1029
1/ This amount is 'non=-add";

(REV. NOV 64} PREV1

OUS EDITIONS ARE OBSOLETE.

$7,500.0

has been distributed in the appropriate installation summary sheets.




CONSTRUCTION OF FACILITIES

FISCAL YEAR 1966 ESTIMATES

FACILITY PLANNING AND DESIGN

AUTHORIZATION LINE ITEM: Facility Planning and Design

PROGRAM OFFICE: Office of the Associate Administrator (NASA General)

FUNDING:
FY 1965 and Prior Years $43,937,000
FY 1966 Estimate 7,500,000

Total Funding Through FY 1966 $51,437,000

DESCRIPTION:

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

JUSTIFICATION:

Long-range plans in several program areas must anticipate the need for
the construction of facilities beyond the budget year for which estim:ates
are being submitted. A considerable saving in time and an increase in the
accuracy of construction cost estimates is possible with the availability of
a facility planning and design fund which can be used to initiate the design
of high-priority facilities prior to the enactment of project authorization
and the appropriation of funds.

With these funds, NASA will continue as an on-going and continuing
activity the general activity of facility planning and design of future
construction projects which have not as yet been authorized or for which
appropriations have not been made. NASA will also continue to make special
project studies, feasibility studies, and other studies necessary to develop
and improve overall criteria and standards for the design and construction
of facilities,

CF 13-2
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762-047 O - 65 (Fols. AO 3-1)

AMES RESEARCH CENTER
FISCAL YEAR 1966 ESTIMATES

LOCATION PLAN

* NORTH -

U.S. NAVY WAREHOUSE
AND STORAGE AREA

LEGEND
N-200 ADMINISTRATION BJILDING
N-201 AUDITORIUM
N-202 ADMINISTRATION BUILDING ANNEX
N-203 ENGINEERING SERVICES BUILDING
N-204 SPACE TECHYOLOGY BUILDING
N-205 10- BY 14-INCH SUPERSONIC me TUNNEL
N-206 12-FOOT PRESSURE WIND TUNNE
N-206A 12 FOOT PRESSURE WIND TUNNEL AUXILIARIES BUILDING
-207 LUID MECHANIC3 LABORATORY
N-208 sum-:nsomc FREJ-FLIGHT WIND TUNNEL
N-209 PRESSURIZED BA..LISTIC RANGE
N-210 SPACE FLIGHT SlMULATION LABORATORY
N-211 AIRPLANE HANGAR AND
N-212 STRUCTURAL FAI!R[CATION snop
N-213 INSTRUMENT RESEARCH LABORATORY
N-214 MODEL FINISHING SHOP
N-215 7- BY 10-FOOT WIND TUNNEL NO. 1
N-216 7- BY 10-FOOT WIND TUNNEL NO.
N-217 1- BY 3.5-FOOT MISH SPEED WIND TUNNEL
N-218 14-FOOT TRANSONIC WIND TUNNEL
N-219 ELECTRICAL SERVICES BUILDING
N-220 TECHNICAL SERVICES BUILDING
N-221 40. BY 80-FOOT WIND TUNNEL
N-222 2-FOOT TRANSONIC WIND TUNNEL
N-223 HYPERVELOCITY BALLISTIC RANGE
N-224 ATMOSPHERE ENTEY SIMULATOR
N-225 SUBSTATION
N-226 6- BY 6-FOOT SUPERSONIC WIND TUNNEL
N-227 UNITARY PLAN V'IND TUNNELS BUILDING
N-227A 11-FOOT TRANSONIT WIND TUNNEL
N-2278 9- BY 7-FOOT SUPERSONIC WIND TUNNEL
N-227C 8- BY 7-FOOT SUPERSONIC WIND TUNNEL
N-227D UNITARY PLAN WIND TUNNELS, AUXILIARIES BUILDING
N-228 HYPERVELOCITY AiR FLOW LABORATOR
N-229 3.5-FOOT HYPERSONIC WIND TUNN
N-229A 3.5-FOOT HYPERHSONIC WIND TUNNEL AUXILIARIES BUILDING
-230 HYPERVELOCITY RESEARCH LABORATORY
N-231 HYPERSONIC HELIUM TUNNEL
N-232 PILOT MODEL OF HYPERVELOCITY FREE FLIGHT FACILITY
N-233 DATA REDUCTIOM BUILDING
N-234 GASDYNAMICS LA 30RATORY
N-235 CAFETERIA BUILDING
N-236 BIOSCIENCE LABORATOR
N-237 HYPERVELOCITY FREE FLI(;HT FACILITY
N-238 MACH 50 HELIUN TUNNEL
N-239 LIFE SCIENCZS RESEARCH LABORATORY
N-240 SPACE ENVIFONMENT RESEARCH FACILITY
FACILITIES AUTHORIZED OR UNDER CONSTRUCTION
A. LIFE SCIENCES RESJARCH LABORATORY
B. SPACE ENVIROMMENT RESEARCH FACILITY
C. SPACE FLIGHT GUIDANCE RESEARCH FACILITY
D, STRUCTURAL DYNAMICS LABORATORY
E. SATELLITE ATTITUDE CONTROL SYSTEMS TEST FACILITY
F., FLIGHT SIMULATOR FOR ADVANCED AIRCRAFT (1965)
G. INSTRUMENT BUILDING EXTENSION (1965)
H. ADMINISTRATIVE MANAGEMENT BUILDING (1965)
PROPOSED PROJECTS
1. SPECTROSCOPIC~-MEASUREMENTS LABORATORY (1966)
2, SYSTEMS ENGINEERING FACILITY (1966)

SPACE SCIENCES RESEARCH LABORATORY (1966)




AMES RESEARCH CENTER

966 ESTIMATES e
N-200 ADMINISTRATION BUILDING
LOCATION PLAN
M-202 ADMINISTRATION BUILIDING ANNEX
1N-203 ENGINEERING SERVICES BUILDING
M-204 SPACE TECHNOLOGY BUILDING
M-205 10- BY 14-NCH SUPERSONIC WIND TUNNEL
M-206 12-FOOT PRESSURE WIND TUNNEL
MN-206A 12-FOOT PRESSURE WIND TUNNEL, AUXILIARIES BUILDING
MH-207 FLUID MECHANICS LABORATORY
1-208 SUPERSONI] FREE-FLIGHT WIND TUNNEL
H-209 PRESSURIZ.:D BALLISTIC RANGE
N-210 SPACE FLIGHT SIMULATION LABORATORY
H-211 AIRPLANE HANGAR AND SHOP
N-212 STRUCTUR:#L FABRICATION SHOP
N-213 INSTRUMENT RESEARCH LABORATORY
M-214 MODEI]. FINISHING SHOP
N-215 7- BY 10-FJOT WIND TUNNEL NO. 1
M-216 7- BY 10-FJOT WIND TUNNEL NO. 2
H-217 1- BY 3.5-"00T HIGH SPEED WIND TUNNEL
M-218 14-FOOT TARANSONIC WIND TUNNEL
M-219 ELECTRICAL SERVICES BUILDING
1-220 TECHMCAL SERVICES BUILDING
MH-221 40- BY 80-."O0T WIND TUNNEL
11-222 2- BY 2-FCOT TRANSONIC WIND TUNNEL
14-223 HYPERVELOCITY BALLISTIC RANGE
H-224 ATMOSPHERRE ENTRY SIMULATOR
H-225 SUBSTATION
M-226 6- BY 6-FCOT SUPERSONIC WIND TUNNEL
N-227 UNITARY FLAN WIND TUNNELS BUILDING
H-227A 11-FOOT TRANSONIC WIND TUNNEL
N-2278B 9- BY 7-FCOT SUFERSONIC WIND TUNNEL
MH=-227C 8- BY T-FCOT SUPERSONIC WIND TUNNEL
H-227D UNITARY ELAN WIND TUNNELS, AUXILIARIES BUILDING
N-228 HYPERVELOCITY AIR FLOW LABORATORY
1-229 3,5-FCOT H{YPERSONIC WIND TUNNEL
M-229A 3.5-FOOT HYPERSONIC WIND TUNNEL, AUXILIARIES BUILDING
H-230 HYPERVEL(CITY RESEARCH LABORATORY
. NORTH 1-231 HYPERSONIZ HELIUM TUNNEL
. HN-232 PILOT MODEL OF HYPERVELOCITY FREE FLIGHT FACILITY
N-233 DATA REDI!CTION BUILDING
N-234 GASDYNAMICS LABORATORY
1-235 CAFETERIA BUILDING
N-238 BIOSCIENCE LABORATORY
N-237 HYPERVELOCITY FREE FLIGHT FACILITY
N-238 MACH 50 FELIUM TUNNEL
N-239 LIFE $CIE} CES RESEARCH LABORATORY
1-240 SPACE EN\IRONMENT RESEARCH FACILITY
FACILITIES AUTHORIZED OR UNDER CONSTRUCTION
AR Y : A. LIFE SCI1ENC3IS RESEARCH LABORATORY
WAREHOUSE B, SPACE ENVIRONMENT RESEARCH FACILITY
U.S. NAVY C. SPACE FLIGHC GUIDANCE RESEARCH FACILITY
AND STORAGE AREA D, STRUCTURAL J)YNAMICS LABORATORY
- E. SATELLITE ATTITUDE CONTROL SYSTEMS TEST FACILITY
F. FLIGHT SIMU.ATOR FOR ADVANCED AIRCRAFT (L965)
G. INSTRUMENT 3UILDING EXTENSION (1965)
H, ADMINISTRAT :VE MANAGEMENT BUILDING (1965)
PROPOSED PROJECTS
1. SPECTROSCOP [C-MEASUREMENTS LABORATORY (1966)
2. SYSTEMS ENG :NEERING FACILITY (1966)
3. SPACE SCIENCES RESEARCH LABORATORY (1966)

N-22TD

“CWARNER

SCALE: 1 INCH = 300 FEET
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AO 3-3)

762-047 O - 65 (Fols,

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
ORGANIZATION AND STAFFING CHAKT

AMES RESEARCH CENTER

o SUMMARY
65 [ PTIRECTOR
Excepted 29 29 65 66
cS-16 iV 17 Excepted 2 2
cg-18 97 97 GS-16 - -
5 150 150 G5-15 1 1
All other GS 1,102 1,102 Lo
w noard 780 790 All other GS 5 5
Total Permanent 2,185 2,185 wage Buacd _
fcmpurarcy 2 20 -
Total
Total Positions 2,205 2,205 50
RESOURCES MANAGEMENT OFF ICE TECHNOLOGY UTILIZATION OFFICE PUBLIC INFORMATION OFFICE
CEN.- 65 86 85 &8
. Excepted - - Excepted - - Excepred - -
Gs-16 - - G5-1b - - Gs-16 -
€s-15 L L 1 1 65-15 - -
GS-lu . i L 1 L 1 Cs-14 1 1
All octher GS L 1 All other GS 2 2 ALl other GS 4 4
Wage Board = - Wage Board - - Wage Board - -
Total 3 3 Total 4 4 Total 5 5
ERONAL g T T waNIC ASSISTANT DIRECTOR ASSISTANT DIRECTOR ASSTSTANT DIRECTOR ASSISTANT DIRECTOR ASSISTANT DIRECTOR
: HT HECHANICS ASTRONAUTICS LIFE SCIENCES DEVELOPMENT R AND D ANALYSIS AND PLANNING ADMINISTRATION LEGAL OFFICE
Excepted % 6_? E d 6‘% % g 8 E d % 6—61 65 &6 65 66 . . 65 68
E xcepte Excepted 1 1 xcepte Excepted 1 1 E ted — - xcepte - .
Gs-16 - - 65-16 - - G816 S 65-16 L1 ceotp S A oot 6s-16 o
GS-15 - - GS-15 1 1 GS-15 - - GS-15 " - GS-15 1 1 Gs-15 _ ~ Gs-15 1 1
GS-14 1 1 GS-14 - - GS-14 - - GS-14 - N GS-14 - - Gs-14 1 1 GS-14 1 1
ALL other G5 1 1 All other GS i 1 All other GS 2 : All other GS 1 l ALl other GS L L A11 other GS L L All other GS 1 |
Wage Board - - Wage Board = - Wage Board - - Wage Board _z —= Wage Board - - Wage Board - - Wage Board - -
Total 3 3 Total 3 3 Total 7 7 Total 3 3 Total 3 3 Total 5 3 Total 3 3
. ADMINISTRAT IVE SERVICES RESEARCH FACILITIES AND
AERONAUTICS DIVISION THERMO AND GAS DYNAMICS DIVISION EXOBIOLOGY DIVISION SYSTEMS ENGINEERING DIVISION MISSION ANALYSIS DIVISION DIVISION EQUIPMENT DIVISION
63 &6 65 86 65 86 65 &6 5 66 85 66 65 66
Excepted i 1 Excepted 4 4 Excepted 1 1 Excepted B - Excepred 1 I Excepted - Excepted i 1
Gs-16 2 2 Gs-16 1 1 G8-16 L 1 GS-16 L 1 c5-16 L i Gs-~16 - - Gs-16 - -
68-15 6 5 G8-15 | Gs-15 3 3 G3-15 3 3 G5-15 2 2 Gs-15 - - 68-15 5 5
GS-14 11 il G5 19 19 GS-14 5 5 GS-14 8 8 cs-14 5 5 GS-14 - GS-14 8 8
ALl other GS 68 68 ALl other C3 33 88 All ather GS 38 38 ALl other GS [ ) ALL ocher GS 19 15 All other GS 2 ALl other CS 105 105
Wagl 8rard SR 98 Wage Board 46 46 Wage Board - - Wage Board - - wage Board N z Wage Board v iu Wage Doar _f5 65
Total Lab i%6 Tolal 172 172 Total 48 48 Total 26 26 Total s 2 Tatal 35 35 Total 184 184
FULL SCALE AND S5YS VEHICLE ENVIRONMENT DIVISION ENVIRONMENTAL BIOLOGY ] — ~ _ . —
DIVISION 65 66 DIVISION PROJECT PIONEER LECHNICAL PLANNING DIVISION FISCAL DIVISION TECHNTCAL SERVICES DIVISION
b Excepted Y 65 66 65 86 65 86 65 68 65 686
Excepted 2 GS-16 5 4 Excepted 2 2 Excepied ! : Excepted i 1 Excepted - - Excepted - -
GS-16 1 6S-15 10 10 GS-le 1 i GS-16 - - GS-16 - - GS-16 - Gs-io - -
GS5-1s va on-s 12 12 GS-15 3 3 GS-15 5 5 GS-15 3 3 GS-15 - - GS-15 1 1
GS-14 19 All other GS 95 95 i GS-1n 3 3 ce-1v 10 10 GS-14 2 2 GS-14 1 L GS-14 1 1
aie v 5 Trane Roard 36 36 All other GS 44 44 All other GS 25 25 All other G35 2 2 ALY other 3 74 74 ALl other €8 1 1
Wige 22 WaLu bk i _ Wase - - - Board - - Wage Roard - = Wage Board 360 360
Total L] i58 ) 22 =2
Total 150 Total 6L 61 Total &1 4L i l 75 75 Tntal 163 363
INSTRUMENTATION DIVISION SPACE SCIENCES RIVISION BIOLBUHNULOGT iV islowN © TECHNICAL INFORMATION PERSONNEL DIVISTON PROCUREMENT AND SUPPLY
ULvLaLui DIVISION
65 66 [ 65 66 [SERL 65 66 65 86
Excepted 2 2 Excepted 1 1 Excepted 1 1 Excepted 2 2z c ted = = Excepted - _ X 65 06
GS-16 1 1 GS-16 2 2 GS-16 1 1 Gs-16 - - céfcfé B B GS-16 _ R Lxecpted -
Gs-15 6 6 GS-15 7 7 GS-15 2 2 Gs-15 4 4 e . - Gs5-15 . B 6S-16 R -
GS-14 00 10 GS-14 12 12 Gs-14 7 7 Gs-14 7 7 oso1d GS-14 1 1 Gs-15 1
All other GS 109 1oy AL uvilies 63 2 3 ALl other GS 737 All other GS§ 53 53 A1 other GS 35 ALl other GS 55 55 Gs-14 1 1
Wage Board 129 129 Wage Board 17 17 Wage Board - - Wage Buard 1 ° | 27 77 Wage Board . - All other G5 73 73
ie7 =£2 =L =L —_ Wage Boatd 1w v - - Waye Roard 20 20
> . Total Tot -
Total 257 257 Total 71 71 Total 48 48 73 73 Total 49 49 otal 56 56 Total o5 o5




ADMINISTRATIVE OPERATIONS
FISCAL YEAR 1966 ESTIMATES

AMES RESEARCH CENTER

MISSION AND CAPABILITIES:

In addition to the traditional research mission in the physical
sciences, the Ames Research Center mission includes research in the life
sciences, flight project management, and spacecraft experimentation in the
space sciences. The Center has flight-project management responsibility
for Pioneer and Biosatellite projects. The Pioneer project will provide
scientific observations of phenomena in interplanetary space from an un-
manned spacecraft and the Biosatellite project will explore the biological
effects of the space environment on primates and other earth organisms.

Physical sciences research includes studies in atmosphere entry snd
environmental physics, guidance and control systems, and aeronautics.
Research in entry and environmental physics includes basic studies of the
physics and chemistry of high-temperature gases; the stability, contrcl,
and performance of a wide range of spacecraft configurations; and of
materials and structures for spacecraft. 1In the area of gas physics,
particular emphasis is placed on problems associated with flight into
earth and other planetary atmospheres. Through this effort, significant
contributions have been made to the design of the Mercury, Gemini, and
Apollo spacecraft, the design of Mars entry vehicles, and the design of
ballistic missiles. Research in the environmental physics is directed
toward the physics and chemistry of materials exposed to environmental
conditions encountered by spacecraft and entry vehicles and includes the
effects of micrometeoric particles and meteoric impact on structures as
well as on materials. The work in guidance and control systems is brcad
in nature and is applicable to manned and unmanned spacecraft, as well as
aircraft. Current emphasis in guidance systems is directed mainly at
manned vehicles and in particular Apollo and follow-on manned missions.
This includes an intensive effort in the area of midcourse navigation and
terminal guidance with a smaller effort directed at examining various
techniques applicable to satellite attitude stabilization and techniques
applicable to vertical and short take-off (V/STOL) aircraft, the super-
sonic transport, and the Apollo spacecraft. The research program in
aeronautics is5 directed toward studies of problems associated with super-
sonic aircrafi with particular emphasis on the supersonic transport, & wide
variety of V/S8TOL vehicles and with hypersonic research aircraft. This in-
cludes studies of piloting problems with numerous fixed-base, moving-tase,
and flight simulators.

Space sciences research includes studies in the fields of solar physics,

planetary environments, and geophysics. This includes ground-based thero-
retical and experimental research, sounding rocket experimentation, as well

AQO 3-5



as experimentation requiring specialized instruments aboard satellites and
space probes. The work covers studies pertaining to magnetic fields plasma,
micrometeoroids in space, and studies to determine the composition and
structure of planets and of planetary and stellar atmospheres.

Life sciences research is conducted in three major areas: basic re-
search in the physiological and behavioral sciences concerned with obtaining
a basic understanding of the effects of terrestrial and extraterrestrial
environments and of space flight stresses upon living organisms; studies
in exobiology oriented towards the prediction, detection, and study of
extraterrestrial life forms; and research in the human factors aspects
of the relationships between man and the machines which will transport
him into space and support him during lunar and planetary exploration.

SUMMARY OF RESOURCES REQUIREMENTS :

1964 1965 1966
Number of Positions, end of year... 2,204 2,205 2,205
Average Number of All Employees.... 2,173 2,195 2,195
Administrative Operations.......... $29,886,000 $31,698,000 $32,300,000

INSTALLATION DESCRIPTION:

The Ames Research Center was established in 1940 and is located at the
southern end of San Francisco Bay on land contiguous to the U.S. Naval Air
Station, Moffett Field, California. 1Its physical plant comprises many
specialized facilities for aerospace research in the traditional physical
sciences as well as the space sciences and life sciences, all of which are
included in the mission of the Center. These include conventional wind
tunnels, entrv-heating simulators, and free-flight ballistic test facilities
capable of conducting tests at speeds up to and above earth escape speed
as well as laboratories equipped to study solar and geophysical phenomena,
life synthesis, life detection, and life environmental factors. The Center
occupies about 235 acres of land of which 115 acres are owned by NASA
and the remainder is made available through a use permit with the Depart-
ment of the Navy. Certain other facilities, such as the utilities and
airfield runways, are used jointly by NASA and the Navy. The total capital
investment as of June 30, 1964, was $155,427,000.

ANALYSIS OF RESOURCES REQUIREMENTS BY OBJECT CLASSIFICATION:

1964 1965 1666
11. Persomnnel Compensation....... $19,042,000 $20,700,000 $20,7%29,000
12. Personnel Benefits,.......... 1,389,000 1,500,000 1,503,000
Total, personnel costs..... $20,431,000 $22,200,000 $22,232,000

AO0 1-6



21. Travel and Transportation
of Persons....coveeevuuesns

22. Transpcrtation of Things....

23. Rents, Communications, and

Utilities..vevieerrenennnns
24, Printirg and Reproduction...
25. Other Services....i.vvevnens
Services of other agencies
26. Supplies and Materials......
3l. Equipment...........iiieeunn
32, Lands and StructuresS........
42, Insurance Claims and
Indemnities.......civvevenn
Total...ioiiiiinennienans

JUSTIFICATION BY OBJECT CLASSIFICATION:

Personnel Distribution

Direct Personnel by Program

Manned Space Flight

Space Science and Applications

Physics and astronomy............
Lunar and planetary exploration..
Bioscience......coiiieiiiianan,

Advanced Research and Technology

Solar and chemical power.........
Space vehicle systems............
Electronics systems.........eo...
Aeronautics, . ... i iiiei i
Human facrtor systems.............
Basic research.............c0v.n.

Technology Utilization,....eeeeeess

Sub-total, direct positionms,.....

1964 1965 1966
$508,000 $610,000 $600,000
59,000 58,000 58,000
4,605,000 4,725,000 5,205,000
37,000 35,000 35,000
1,644,000 1,355,000 L ,488,000
112,000 105,000 112,000
1,045,000 1,234,000 L, 234,000
614,000 1,076,000 1,036,000
831,000 300,000 300,000
$29.886,000 $31,698,000 $32,300,000
1964 1965 1966
6 6 -
13 13 -
40 42 42
106 118 116
214 207 210
8 11 12
193 204 206
193 196 200
292 285 284
117 102 110
352 - 347 344
4 4 4
1,538 1,535 1,528



Support personnel

Director and Staff..............
Administration........ceeeevennn
Research and development support...

Sub-total, support personnel

Total, permanent positions....

Other positions:

Positions under cooperative

training agreements.........
Other positions...............

Total, all positions..............

Personnel Requirements

..

ces 2

1964

304

—

204

49
310

291

650

2,185

1966

Substantial effort in FY 1966 will continue to be devoted to the

management of the Biosatellite and Pioneer Projects.

Considerable effort

will also be expended On research in aeronautics, space vehicles, and

life sciences.

Fluctuating workload requirements will involve minor re-

assignments of personnel between programs as changing program priorities

dictate.

Support for the FY 1966 personnel program will require a nominal

increase to compensate for that portion of specific salary adjustment:s
which cannot be absorbed through personnel turnover.

Personnel Costs

Personnel Ccmpensation:
Annual cost of permanent
positions........ s iceeeaa
Pay above the stated annual

Lapses (deduct)......cevveunenn
Cost of net permanent positions
Other personnel compensation...

Total compensatioN....ecceees
NASA funded
Reimbur&’able.-.--.-..---..-

762-047 O - €5 - 27

1964 1965 1966
2,204 2,205 2,205
2,201 2,185 2,185

3 20 20
$19,528,000 $20,220,000 $20,220,000
164,000 78,000 78,000
-1,045,000 -39,000 -10,000
18,647,000 20,259,000 20,288,000

395,000 441,000 441,000
19,042,000 20,700,000 20,729,000
19,042,000 20,700,000 20,729,000

AO 3-8



1964 1965 19€6

Personnel benefits.....oeeeenenns $1,389,000 $1,500,000 $1,503,000
NASA funded ... ... oivievennenn 1,389,000 1,500,000 1,503,000
Reimbursable .. ..vooevenvnoniens -——— --- -——-

Total personrnel costs............ 20,431,000 22,200,000 22,232,000
NASA funded ........... ... P 20,431,000 22,200,000 22,232,000
Reimbursable ..........0vvviiun - - ---

Average Fumber of All Employees
(Man Years) ...... et 2,173 2,195 2,195

Requirements for all other objects for FY 1966 reflect an increase
of $570,000 over the amount estimated to be required for FY 1965, essen-
tially in the following areas: (1) rental of electronic computing equip-
ment; (2) electric power requirements; and (3) other contractual services.

The scheduled launchings under the Pioneer Project will necessitate
the rental of auxiliary items of computer equipment to facilitate the
increased wcrkload resulting from the processing of flight data. This
requirement will reflect an increase of $441,000. An increase in
electric power consumption relating to scheduled wind tunnel tests will
require additional funding in the amount of approximately $44,000. These
increases are offset by a net decrease of $5,000 in other requirements
for rents, communications and utilities, Other contractual services will
require s nominal increase to cover additional maintenance costs for
these facilities coming into initial operation in FY 1966,

A0 3-9
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ELECTRONICS RESEARGH CENTER
FISCAL YEAR 1966 ESTIMATES

LOCATION PLAN
CAMBRIDGE, MASS.
(CONDITIONAL)

- PROJECT BOUNDARY

ELECTRONICS
RESEARCH CENTER
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SCALE IN MILES

ENGINEERING & ADMINISTRATION BUILDING
ELEGTRONIC GOMPONENTS LABORATORY
QUALIFICATIONS & STANDARDS LABORATORY
MICROWAVE RADIATION LABORATORY
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ELECTRONICS RESEARCH CENTER
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
ORGANIZATION AND STAFFING CHART

ELECTRONICS RESEARCH CENTER

GFFICE OF TuL DIRECTOR
Excepted 2 3
Gs-16 - -
G8-15 2 4
GS-14 4 8
All other GS 12 10
Wage Board = =
Total 20 25
STAFFING SUMMARY
65 66 PROGRAMS AND RESOURCES
Excepted 10 H
G§-16 N N 65 66
GS-15 16 46 Excepted 1 1
GS-14 50 110 G5-16 R B
All other GS 174 383 Gs-15 2 3
Wage Board - - GS-14 3 6
Total Permanent 55 350 All other GS 13 40
Temporary - - Wage Board = -
Total Positions 250 550 Total 19 50
ADMINISTRATION y
ACILITIES AND ENGINE
65 66 ERING
Excepted 1 1 65 66
GS-16 - - Excepted 1 1
Gs-15 - 1 G5-16 - R
GS-14 5 12 GS-15 2 4
All other GS 49 81 GS-14 6 15
Wage Board - - All other GS 24 40
. - Wage Board - -
* Totai 55 .95 - -
Total 33 60
N . . INSTRUMENTATION AND DATA
SYSTEMS RESEARCH ELECTRONIC COMPONENTS RESEARCH GLIDAN%SgichONTROL PROCESSING RESEARCH ELECTRO-MAGNETIC RESEARCH
A5 6R “s Ak ce e 65 66 65 66
Excepted 1 1 Excepted T 1 Excepted T 1 Excepted 1 1 Excepted 1 1
GS-16 - - Gs-16 - - GS-16 z N Gs-16 - - GS-16 - -
Gs-15 2 7 68-15 2 8 65-15 2 2 Gs-15 2 6 Gs-15 2 6
6S-14 s o1 GS-14 8 17 65-14 7 14 Gs-1a > Gs-14 7
it orher G8 & IR 211 other 00 = All other GS 14 28 All other G5 15 1
all other G5 8 28 A1l other G5 27 73 ALl oLher GS 12 38 N s = i All other G5 i5 35
Wage Board - = Wage Board E— Wage Board - N Wage Board - = Wage Board = =
Total 16 47 Total Y Total T Total 2 58 Total 25 56




ADMINISTRATIVE OPERATIONS

FISCAL YEAR 1966 ESTIMATES

ELECTRONICS RESEARCH CENTER

MISSION AND CAPABILITIES:

The Electronics Research Center will increase NASA's capability in space
electronics by providing the groundwork of knowledge and advanced technology
needed to overcome present deficiencies.

The Center will conduct comprehensive programs of basic and applied
research in areas of space electronics now inadequately covered. The research
will include performance characteristics, test procedures, and specifications
for space electronic components, and investigate new concepts for making
space electrcnics equipment more reliable. The Center will investigate
techniques and lay the fundamental technological groundwork for space elec~-
tronics equipment of reduced weight, size, power drain, and complexity,
capable of withstanding the harsh conditions found in space. The Center will
devise new ccncepts and techniques and prove their feasibility both analyti-
cally and experimentally for space electronic equipment capable of achieving
levels of perfcrmance beyond those of today.

SUMMARY OF RESCURCES REQUIREMENTS:

1964 1965 1966
Number of Positions, end of year. 25 250 550
Average Number of All Employees.. 12 (119 405
Administrative Operations........ $730,000 $3,600,000 $7,622,000

INSTALLATION DESCRIPTION:

The Electronics Research Center will be located in Cambridge,
Massachusetts. The initial phase of construction, on a 29-acre tract of
land will commence in the spring of 1965, with partial occupancy scheduled
by the end cf 1966. The master planning for the Center contemplates the
acquisition of an auxiliary site (presently unselected) for the construction
of additional research facilities and the development of field test areas.
There was nc capital investment as of June 30, 1964,

A0 3-14



ANALYSIS OF RESOURCES REQUIREMENTS BY

OBJECT CLASSIFICATION:

11. Personnel Compensation.......
12. Personnel Benefits...........
Total, personnel costs.....

21, Travel and Transportation

of Persons......... craenan .
22. Transportation of Things.....
23. Rents, Communications,

and Utilities......... caeae
24, Printing and Reproduction....
25. Other Services.....veeceveese

Services of other agencies.
26. Supplies and Materials.......
31. Equipment........... ceeeen oe

32. Lands and Structures.....e...
42, Insurance Claims and
Indemnities........... ceane

JUSTIFICATION BY OBJECT CLASSIFICATION:

Personnel Distribution

Direct Personnel by Program

Advanced Research and Technology

Electronic systems.......... e
Technology Utilization............

Support personnel

Director and Staff........... cene
Administration........ccvi00e.e .o
Research and development support.

Sub-total, support positions...

Total, permanent positions.....

1964 1965 1966
$137,000 $1,470,000 $4,368,000
10,000 110,000 332,000
$147,000 $1,580,000 $4,700,000
18,000 240,000 270,000
- 121,000 141,000
--- 389,000 784,000
- 35,000 65,000
486,000 394,000 762,000
37,000 110,000 153,000
13,000 154,000 376,000
29,000 453,000 261,000
- 124,000 110,000
$730,000 $3,600,000 $7 ,622,000

1964 1965 1966

8 129 410

- 1 1

8 36 39

4 39 50

S 45 50

7 120 139

25 250 550

A0 3-15



Personnel Requirements

The personnel level proposed for FY 1966 includes a request for 300

additional employees.

This accession is in conformity with the phased

growth origirally conceived in the long-range development of the Electronics

Research Center.

The increase will permit the staffing of those essential

technical furictions necessary for the effective direction and management of
the most important program objectives relating to the elctronics endeavor.

The increase in personnel costs, amounting to $3,120,000, is required to
(1) cover the full year costs of personnel added in FY 1965, and (2) for the

cost of the additional staffing requested in FY 1966.

The cost of the addi-

tional emplcyees has been included in the estimates at a lapsed rate of

approximately L7 per cent.

Personnel Costs

Total PosSitionS....ccoeeeeecncenns
Permanent.....coccoceeveecsonoe .
Other......ce0... ceeererctesinenses

Personnel Compensation:
Annual cost of permanent

positions...... teecassaseansane
Pay above the stated annual rate
Lapses (deduct)..veeuieeeeenneenn

Net cost of permanent positious.
Other personnel compensation....

Total compensation............
NASA funded.......cocveeneen

Personnel benefits.....veeeeeeenns
NASA funded.........coiiiienneens

Total personnel CoStS......eveueeos
NASA funded........ccovvrivnunns

Average Number of All Employees
(Man_Years)......coevueecnncnannss

762-047 O - 65 - 28

1964 1965 1966
25 250 550
25 250 550
$277,000 $2,799,000 $5,716,000
2,000 10,000 22,000
-143,000 =1,411,000 -1,527,000
136,000 1,398,000 4,211,000
1,000 72,000 157,000
137,000 1,470,000 4,368,000
137,000 1,470,000 4,368,000
10,000 110,000 332,000
10,000 110,000 332,000
147,000 1,580,000 4,700,000
147,000 1,580,000 4,700,000
12 119 405

AO 3-16



Requirements for all other objects reflect an increase of $902,000 over
the amount estimated for FY 1965, To a considerable extent, the increase
reflects the continuation of commitments and requirements established in FY
1965 although partly funded during that period,

Included in the increase is the requirement for additional contractual
services. This is primarily due to the lack of in-house capability for
administrative and housekeeping functions essential to efficient operation,
Until such time as the in-house support functions are adequately staffed, the
services of outside contractors must be utilized to augment the limited
capability of employees already employed as well as those planned for the

budget year,

A0 3-17
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FLIGHT RESEARCH CENTER
FISCAL YEAR 1966 ESTIMATES
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FLIGHT RESEARCH CENTER
FISCAL YEAR 1966 ESTIMATES




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
ORGANIZATION AND STAFFING CHART

FLIGHT RESEARCH CENTER

STAFFING SUMMARY
65 66 OFFICE OF THE DIRECTOR
Excepted 6 6 65 66
GS-16 3 3 Excepted 3 3
Gs-15 13 13 GS-16 1 1
GS-14 31 31 Gs-15 1 1
Wage Board 263 263 All other GS 6 6
Total Permanent 605 605 Wage Board 26 26
Temporary 14 14 - -
Total Positions 619 619 Total 38 38
RESEARCH DIVISION OPERATIONS DIVI3ION

65 86 65 66

Excepted 2 2 Excepted 1 1

GS-16 1 1 GS-16 - -

GS-15 4 4 GS-15 5 5

GS-14 12 12 GS-14 6 6

All other GS 96 96 All other GS 20 20

Wage Board 1 1 Wage Board 130 130

Total 116 116 Total 162 162

DATA SYSTEMS DIVISION ADMINISTRATIVE DIVISION

65 66 65 66

Excepted - - Excepted - -

GS-16 1 1 GS-16 - -

GS-15 2 2 GS-15 1 1

GS-14 9 9 GS-14 3 3

All other GS 91 91 All other GS 76 76

Wage Board 79 79 Wage Board 27 27

Total 182 182 Total 107 107

A03-21




ADMINISTRATIVE OPERATIONS
FISCAL YEAR 1966 ESTIMATES

FLIGHT RESEARCH CENTER

MISSION AND CAPABILITIES:

The Flight Research Center, established in 1947, conducts research and
evaluates problems of manned flight, both within and outside the atmosphere.
The Center's mission includes effort on problems of takeoff and landing, low-
speed flight, supersonic and hypersonic flight, and reentry to verify
predicted characteristics and to identify unexpected problems in actual flight,

Projects currently underway or projected include aeronautics projects
such as the X-15, B-70, supersonic transport, and hypersonic research; space
vehicle systems projects in which the flight behavior of advanced reentry
vehicles is studied; and electronic systems projects such as display, guidance
and control in advanced flight missions and improvements on systems and
sensors used in bio-medical monitoring, tracking, and data acquisition.
Research of interest to the manned space flight program concerning projects
Gemini and Apollo is provided through paraglider development and lunax landing
research,

The major research tools for conducting these programs are the aircraft.
They range from lightweight civil aircraft for handling qualities investiga-
tions to century series fighters for pilot proficiency and general investiga-
tions, and to X-15 rocket aircraft used for hypersonic research and reentry
investigations. Special purpose vehicles such as paragliders, lifting bodies,
lunar landing research vehicles and variable stability aircraft cr airborne
simulators are contractor procured or developed in-house. Specialized
laboratory facilities are available to complement the flight activities with
proper preliminary research and testing. Simulation equipment is used to
guide and assist in the performance of productive flight activities. A three-
station radar for tracking and data acquisition is operated to support: the
flight activircy,

SUMMARY OF RESOURCES REQUIREMENTS:

1964 1965 1966

Number of Positions, end of year.. 619 619 619
Average Number of All Employees... 621 622 619
Administrat:ive Operations,........ $9,514,000 $9,750,000 $9, 600,000

INSTALLATION DESCRIPTION:

The Flight Research Center, Edwards, California, is approximately 65
miles northeast of Los Angeles. The Center is located along the northern

A0 3-22



boundary of Edwards Air Force Base on 171 acres of land leased from the Air
Force. The Center is adjacent to Rogers Dry Lake, a 55 square mile area with
a complex of runways varying in length from 5 to 11 miles.

The physical plant consists of an office-laboratory building with adjoin-
ing shops, a flight maintenance hangar and a calibration hangar. Auxiliary
buildings include warehouses, an auxiliary power systems building, and a
communications building. The main station of the 3-station radar range
operated by the Center is located on the third floor of the office-laboratory
building. The total capital investment as of June 30, 1964, was 327,116,000,

ANALYSIS OF RESCURCES REQUIREMENTS BY OBJECT CLASSIFICATION:

1964 1965 1966

11. Personnel Compensation...... $5,659,000 $6,218,000 $6,265,000
12. Personnel Benefits..... coen 410,000 432,000 435,000

Total, personnel costs.... $6,069,000 $6,650,000 $6,700,000

21. Travel and Transportation

of Persons...........uocuu. 234,000 260,000 250,000
22, Transportation of Things.... 31,000 40,000 40,000
23. Rents, Communications,

and Utilities............ . 362,000 337,000 331,000
24, Printing and Reproduction... 6,000 10,000 10,000
25. Other Services............ ‘e 1,029,000 985,000 1,044,000

Services of other agencies 78,000 .- -
26. Supplies and Materials..... . 600,000 540,000 540,000
31. Equipment.........ovo0iune . 1,007,000 762,000 524,000
32. Lands and StructureS........ 98,000 165,00C 150,000
42. Insurance Claims and

Indemaities.............. . --- 1,000 1,000

Total,...covuunnn. e .o $9,514,000 $9,750,000 _$9,600,000

JUSTIFICATION BY OBJECT CLASSIFICATION:

Personnel Distribution

1964 1965 _1966
Direct Personnel by Program
Manned Space Flight
Apollo.......... et oo 50 39 37
Space Science and Applications
Physics and astronomy..... Cetesteaanas 3 3 3
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1964 1965 1966

Advanced Research and Technology

Space vehicle systems.......... creees 24 26 40
Electronics systems............ cheeea 17 17 8
Aeronautics........veiiinniennn.n ceen 344 351 350
Human factor systems............... .o 10 10 10
Basic research................... e - 1 1
Tracking and Data Acquisition ......... 39 39 37
Technology Utilization............... -, - 1 . 1
Sub-total, direct positions.......... 487 487 487

Support personnel

Director and Staff................ ceves 10 11 11
Administration............... ceeceacaes 108 107 - 107
Sub-total, support positions......... 118 118 . 118
Total, permanent positions........... 605 605 605

Other positions:

Positions under cooperative

training agreements...... teecseaans 14 14 - 14
Total, all positions........ cecescsraa 619 619 619
P — — 3 —————— 4

Personnel Regquirements

Current and projected research effort will be devoted essentially to the
X-15, B-70, the supersonic transport, and the M-2 lifting body reentry vehicle.
Except for minor personnel reassignments, the present manpower levels will
remain constant in FY 1966,

The nominal increase in personnel costs requested for FY 1966 will
compensate for those personnel salary adjustments not absorbed through person-
nel turnover, The limited staff at the Flight Research Center requires fund-
ing for these purposes in order to maintain a constant man-year effort to
facilitate the accomplishment of program objectives.

762-047 O - 65 - 29 AO 3'24



Personnel Costs

1964 1965 1966
Total PositionsS........ccviivennnennna 619 619 619
Permanent.........eeeeienesnannnnns 605 605 605
Other., ...t ieerinieaeennsosnnnans 14 14 14
Personnel Compensation:
Annual cost of permanent positions. $5,320,000 $5,671,000 $5,744,000
Pay above the stated annual rate... 42,000 22,000 22,000
Lapses (deduct) ....vvevinrnennnnnne -205,000 -122.000 =44 000
Net cost of permanent positions.... 5,157,000 5,571,000 5,722,000
Other personnel compensation....... 502,000 647,000 343,000
Total compensation.......eeeeeuse 5,659,000 6,218,000 6,265,000
NASA funded.......... Cebeiteeaea . 5,659,000 6,218,000 6,265,000
Reimb‘.‘rsiibl‘e. ....... L] Ll L] ® o 0 0 0 @ .- —— -
Personnel benafits......ecivevevnseees 410,000 432,000 435,000
NASA funded........civiiviivennnns . 410,000 432,000 435,000
Reimbursable........cieiievevececns - —-- -=-
Total personnel costs...... seerrense. 56,069,000 $6,650,000 $6,°700,000
NASA funded...... ceceoeene ceeteeene 6,069,000 6,650,000 6,700,000
Reimbursable.,......cciveeiernneanns -=- --- ---
Average Numberr of All Employees
(Man Years)..... Ceecetaniearenaaas . 621 622 619

Offsetting the small increase of $59,000 requested for contractual
services, required essentially for equipment and plant maintenance, lower

estimates in other areas effect a decrease of $150,000 in the overall

requirements for FY 1966,
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LANGLEY RESEARCH CENTER
FISCAL YEAR 1966 ESTIMATES

LOCATION PLAN

EAST AREA

o wr w @

gt L e

FURMERLY ATMOSPRERIC WIND TUNREL
THCRNELL AVENUE SUBSTATION

EAST COMPRESSCR BUILDING

FORMERLY LOW-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
8-FOOT TRANSONIC TUNNEL

BACK RIVER SUBSTATICN

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 MODEL SHOP

TANK NO. 2

P %0 w00 0

SCALE 1N FEET
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LANGLEY RESEARCH CENTER
FISCAL YEAR 1966 ESTIMATES

LOCATION PLAN
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TEST APEA
PROPOSED FISCAL YEAR 1966 PROJECTS
1. FLIGHT CONTROL RESEARCH FACILITY
I 2. LIFE SUPPORT TECHNOLOGY LABORATORY
~
Nrg, 4. MAGAZINE AND TEST AREA FOR HIGHLY
Fee REACTIVE CHEMICAL MATERIALS
o : = To P 5. INCREASE RESEARCH CAPABILITY M =6
)iL \ ciwots  mbes rs,hur AND 8.5 TUNNELS
TN, TNA =
/ Q\ sS4 PROFERTY LN LA
/
FACILITY KO. DESCRIPTION FACILITY NO. DESCRIPTION
1146 16-FOOT TRANSONIC TUNNEL 1258 LANDING LOADS TRACK COMPRESSOR BUILDING
11k7 TAYIGR ROAD SUBSTATION 1259 NORTH ARRESTING GEAR EOUSING
1148 STRUCTURES RESEARCH LABORATORY 1260 SOUTH ARRESTING GEAR HOUSING
11k9 FORMERLY STABILITY TUNKEL 1261 LANDING LOADS TRACK SHOP
1150 WEST MOTEL SHOP 1262 HIGH-SPEED HYTRODYNAMICS OFFICE AWD SHOP
1151 COOLING TOWER 1263 CERAMIC- HEATED JET {PILOT MODEL)
1152 FORMERLY POWER PLANT 1264 HIGH-TEMPERATURE MACH 7 JET (PILOT MODEL)
nss METAL FINISKING SHOP 1265 8-FOOT HIGH-TEMPERATURE STRUCTURES TUNNEL
1191 FORMERLY 9-INGH SUPERSONIC TURNEL 1266 MOFFETT ROAD SUBSTATION
1192 FORMERLY IMPACT BASIN 1267 HIGH-TEMPERATURE MATERIALS LABORATORY
1194 WEST SHOP 1268 DATA REDUCTION BUILDING
1195 WAREHOUEE 1269 GATE HOUSE (HYPERSONIC PHYSICS TEST AREA)
1196 FOUNTRY 1270 ROCKET PROPELLANT TEST UNIT, HPTA
1212 7~ BY 10-FOOT TUNNELS LABORATORY 1271 OPEN SHED, HPTA
1212-A 1272 HEATING PLANT, HPTA
1212-B VIND TURKELS 127 CPERATIONS CENTER, PTA
i3 WEST CAFETERIA 127k CERAMIC-HEATED MACH 15 JET, EPTA
1215 WEST HEATING PLART 1275 IMPACT ARD PROJECTILE TEST UNTIT, HPTA
1217 ELECTRICAL STORAGE BUILDING 1276 IGNTTER ASSEMBLY BUILDING, HPTA
2018 FORMERLY GUST TUNNEL 1277 STORAGE A
1219 LANGLEY RESEARCH CENTER HEADQUARTERS STORAGE B
i22c PORMERLY ATRCRAFT LOADS CALIERATION LAB. STORACE C
1221 INTERNAL AERODYNAMICS LABORATORY STORAGE D
1202 MORALE ACTTVITIES BUTLDING STORAGE E
1223 F
1225 PROPELLANT PROCESSING BUILDING, HPTA
' " Y 1227 TEMPORARY BUTLDING 1 1285 STORAGE H
4 (O 1228 WEST AREA PASS OFFICE 1286 ROCKET ASSEMBLY AND PROPELLANT ALTERAT1OK
I KEY 1229 PHYSICAL RESEARCH LABORATORY BUILDING
P~ 1229-A FLUTTER TUNNEL 1287 TEMPORARY SHED
Ej 4297 - 1230 INSTRUMERT RESEARCH LABORATORY & SOLAR ENERGY COLLECTOR
[ — AUTHORIZED OR UNDER 1231 HELICOPTER APPARATUS TEMPORARY STORAGE
.- “.r&\\ CONSTRUCTION 1232 FORMERLY PILOTLESS ATRCRAFT RESEARCH LAB. SUBSTATION
o AND FABRICATION SHOP
. 1258 STHATIVIN ROAD SURSTATION J R MATHT TLDING
' 1234 JET EXTT TEST PACILITY DYRAMICS RESEARCH LABORATORY
. 2 1935 FREQENCY CONVKRTER BUTLDING ROCKET MOTOR TEST APPARATUS
o 1236 4- BY 4-POOT SUPERSONIC PRESSURE TUNNEL SHOP AND INSTRUMENTATION FOR 0O-FOOT SPHERE
1239 WARNER ROAD SUBSTATION SHOP BUILDING
\ 12h0 TEMPORARY WAREHOUSE 3 LUNAR LANDING RESFARCH FACILITY
~ | 12hy PRTVE CORTROL BUTLDIRG
l 2242 PROPELLER STATIC TEST STAND
o 17 ! 1243 YORKTOWN ROAD SUBSTATION FACILITIES AUTHORIZED ARD UNDER CONSTRUCTION
gz ot . v 1244 FORMERLY FLIGHT RESEARCH LABORATORY
F D “» \“ v 12kh-A  WATER TANK NO. 2 A EQUIPMERT FOR MAGNETOPLASMADYNAMICS RESEARCH
<l Ly 12k-B CONTROL LINE FACILITY B ADDITION TO HEATING PLANT
RN AU v Loy 'LEMPUKARY WAREBOUSE L U AUL. rusen SUFFL1 AND DPROVED ARC ER FOR
\25 | ]W i 1246 TEMPORARY WAREHROUSE 2 10-MEGAWATT ARC TUNNEL
! i 1247-4 PORMERLY CAS DYNAMICS LABORATORY CENTER D ENVIRONMENTAL RESEARCH FACILITIES FOR SPACECRAFT
1247-B WEST WING COMPONENTS ARD MATERIALS
12k7-C COOLING TOWER E  PARTICLE ACCELERATOR FOR SIMULATION OF MICRO-
1247-D EAST WING METEOROID IMPACT
SCALE IN FEET 1247-E COMPRESSOR BUILDING F  STABILIZATIOR AND CORTROL EQUIPMENT LABORATORY
— o G 10 s v o 1505 1247-F AMES ROAD SUBSTATION GAH VEHICLE ANTENNA TEST FACILITY AND
TPoeuosoN — i 1247-G HIGH-PRESSURE SHOCK TUBE ADDITION TO VEHICLE ANTENNA TEST FACILITY
1245 TEMPCRARY WAREHOUSE " I  ELECTRONIC INSTRUMENTATION LABORATORY
1251 UNTTARY PLAN WIND TUNMEL J  UTILTTY INSTALLATIONS
1252 WATER TARK NO. 1 K HOT GAS RADIATION RESEARCH FACILITY
1253 Y WAREHOUEE 5 L THERMAL CONTROL HOUSING AND BUILDING APDITION FOR
1254 AMUNITION STORACE DYNAMICS RESEARCH LABORATORY
1255 TEMPORARY WARFHOUSE 6 M FATIGUE RESEARCH LABORATORY
1256 9- BY 6-POOT THERMAL STRUCTURES TURNEL N CENTRAL HIGH-PRESSURE ATR SUPPLY
1257 LANDING LOADS TRACK 0 UTILITY TMPROVEMENTS

WEST AREA A0 3-28
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RESEARCH STAFF OFFICE PROGRAM CONTROL ANALYSIS AND TECHNOLOGY RESEARCII CONTRACTS AND

65 66 BUDGET OFFICE UTILIZATION OFFICE INFORMATION OFFICE RESEARCI REPORTS DIVISION
Excepted - - 85 88 65 66 65 66 55 86
GS-16 - - Excepted - - Excepted _ - Excepted - - Excepted - -
GS-15 1 1 Gs-16 - - GS-16 - - G3-16 - B GS-16 - -
; i 65-15 1 i 55-15 - - GS-15 2 ; 65-15 - -
Al her . . o < i : G5-14 - - e oz
- - All other CS 9 9 A other GS 7 2 ALl other GS . - ALL olher G3 52 5z
Wage Board _- - Wage Board . - Wase Board _ _ Wuage Board - -

A s - - -

Total 5 & Total 3 3 Total 2 2 iotai BE} 23

1 1 | | |

AO 3-30)

762-047 O - 65 ( "ol

UFFICE OF OFFICE OF . ; enion -
A OFFICE OF OFFLLE OF ASSISLANL DIRECIOR CFFIC " p
ASSTSTANT DIRECTOR (GROUP 1) ASSISTANT DIRECTOR (GROUP 2 - > . ’ SR FLIOHT PROSECTS ICE OF ASSISTANT DIRECTOR
( ) ASSISTANT DIKECTOR (GROUP 3) FOR FLIGHT PROJECTS FUR ADMINISTRATION
65 65 65 66
) b 8L L) 65 6 65 66
Exveptod 1 T Es a 1 L] b6 ) 56 0y 66
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ADMINISTRATIVE OPERATIONS

FISCAL YEAR 1966 ESTIMATES

LANGLEY RESEARCH CENTER

MISSION AND CAFPABILITIES:

The Langley Research Center directs its research effort toward:
new problems that: confront future progress in flight; the establishment
of the characteristics of the aerospace environmment and their interactions
with flight systems and personnel; the formulation and refinement of
engineering-design concepts and methods, construction technologies, cpera-
tional techriques for advanced aircraft and space vehicle configurations;
systems components and ground support equipment; safe and efficient flight
in extended regimes of performance; and the support of the Aerospace
Industry and Government services in the development of their advanced
flight systems.

The Installation has developed a highly talented and dedicated
research team specializing preeminently in aerodynamics, thermodynamics,
flight environments, high temperature structures and materials, vehicle
structural loads and dynamics, guidance and control systems, flight crew
integration and life support, flight mechanics and operations, solid-
propellant rocketry and aerospace electronics.

Research on flight problems has pioneered the development and appli-
cation of a wide range of advanced research techniques, equipment, flight
vehicles, ard laboratory facilities for investigations in these disciplines.
These capabilities are being directed to the evaluation and refinement of
aircraft anc space vehicle configurations under current development, and
to the establ.ishment of rational concepts and design criteria for more
advanced flight systems.

A number of flight projects are conducted, many in support of the
Apollo program, for advanced flight conditions which cannot be simulated in
laboratory facilities. The Installation also is pursuing the development
of the Lunar Orbiter Space System and is responsible for the management and
operational support of the Scout Launch vehicle.

Broad investigations are underway to identify and resolve critical
technologica . problems confronting the development and operation of manned
orbital research laboratories. .

A number of unique aerospace simulators are available at the Instal-
lation. Complex space flight simulators devised and used by scientists in
basic research problems have been effectively utilized in the training of

astronauts in preparation of manned flights in the Gemini and Apollo
projects.
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SUMMARY OF RESOURCES REQUIREMENTS:

1964 1965 1966
Number of Positions, end of year. 4,330 4,308 4,308
Average Number of All Employees.. 4,260 4,292 4,281
Administrative Operations........ $52,642,000 $57,258,000 $61,783,000

INSTALLATION DESCRIPTION:

Langley Research Center is located at Hampton, Virginia. The Center
is divided into two separate areas adjacent to the runway facilities of
Langley Air Force Base and occupies 772 acres of government owned land.
Four hundred and thirty acres are owned by NASA and 342 acres are occupied
under permit from the United States Air Force. Runways, some utilities, and
certain other facilities are used jointly by NASA and the United States Air
Force. 1In addition, there are 110 acres of NASA-owned land located in the
city of Newport News, Virginia. The total capital investment as of
June 30, 1964 including the acreage located at Newport News, Virginia was
$249,776,000,

ANALYSIS OF RESOURCES REQUIREMENTS BY OBJECT CLASSIFICATION:

1964 1965 1956
11. Personnel Compensation..... $ 35,926,000 $38,826,000 $38,896,000
12. Persomnel Benefits......... 2,654,000 2,861,000 2,889,000

Total, personnel costs...$ 38,580,000 $41,687,000 $41,785,000

21. Travel and Transportation

of Persons....ovvvvvon.., 1,288,000 1,380,000 1,370,000
22. Transportation of Things... 450,000 440,000 440,000
23. Rents, Communications,

and Utilities............ 4,718,000 5,424,000 4,110,000
24, Printing and Reproduction.. 191,000 200,000 200,000
25. Other Services.......c...u. 2,540,000 2,517,000 2,866,000

Services of other agencies 533,000 90,000 90,000
26. Supplies and Materials..... 2,718,000 2,600,000 2,600,000
31, Equipment.....eivevvessnons 998,000 2,419,000 7,821,000
32. Lands and Structures....... 626,000 500,000 500,000
42, Insurance Claims and

Indemnities.............. --- 1,000 1,000

Total..vererioennnnneonns $ 52,642,000 $57,258,000 $61,783,000
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JUSTIFICATION BY OBJECT CLASSIFICATION:

Personnel Distribution

Direct persommnel by program

Manned Space Flight

GemMiri,. e eeeereeeeoonnnasnnnnses
Apollo. . vttt it i e
Advarced missions........ Cereea

Space Science and Applications

Physics and Astronomy...........
Lunar and Planetary Exploration.
Launch vehicle development......
Meteorological Satellites.......
Communication Satellites........
Launch vehicle procurement.secesss
Advanced Research and Technology

Nuclear electric systems........
Solar and chemical power........
Space vehicle systems..... ceenn

Human factor systems............
Chem:ical propulsion.............
Basic research........coevuennn .

Tracking and Data Acquisition......
Technolo2y Utilization,,..... ceeeen

1964

26
18

44
89
36

16
65

Sub-total, direct positions...2,651

Support personnel

Director and staff...............
Administration..........covuuvun..
Research and development support,

Sub-total, support positions...

Total, permanent positions.....

762-047 O - 65 - 30

40
147
24
13
11
65

39
665
473
674

18

34
148
27
13
11
65

39
660
482
671

45

49
374
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1964 1965 1966
Other positions:
Positions under cooperative
training agreements.......... 51 51 51
Other temporary positions...... 0 19 19
Total, all positionsS.....eeeveeveees 4,330 4,308 4,308

Personnel Reguirements:.

The personnel program proposed for the Langley Research Center will
continue to rzflect major emphasis on problems relating to vehicle con-
figurations, materials and structures, flight mechanics, and specific
investigations associated with reentry, supersonic, and hypersonic flight.
Minor reassignments of personnel between programs will be affected in
conformity with changing program priorities.

The nominal increase in personnel costs is essentially required to

meet the full-year cost of personnel added in FY 1965. TIt is expected that
the FY 1966 man-years of effort will approximate the FY 1965 level.

Personnel Costs

1964 1965 1966
Total PositionS...eeeeevernsaonsnn 4,330 4,308 4,308
Permanent.......veeveevennnnncen 4,279 4,238 4,238
Other...... et e et iesee e 51 70 70
Personnel Compensation:
Annual cost of permanent
POSIiLiONS. . .eevveneeernns e....935,966,000 $37,424,000 $37,424,000
Pay above the stated annual rate 305,000 175,000 175,000
Lapses (deduct) ...ovvvennereanns -1,606,000 -216,000 -80,000
Net cost of permanent positions. 34,665,000 37,383,000 37,519,000
Other personnel compensation.... 1,261,000 1,443,000 1,377,000
Total compensation............ 35,926,000 38,826,000 38,896,000
NASA funded......... Ceeeiaen 35,926,000 38,826,000 38,896,000
Reimbursable.....cvvvveeas-, -—- ——— -
Personnel berefits....civeeeevunns 2,654,000 2,861,000 2,889,000
NASA funded.......cvvveneee ceee. 2,654,000 2,861,000 2,889,000
Reimbursable......cviveviienenns -—- - .-
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1964 1965 1966

Total personiel COStS..eveevsnosnn 38,580,000 41,687,000 41,785,000
NASA funded..... .. coivvvennvnnn, 38,580,000 41,687,000 41,785,000
Reimbursable.......... e - - -——

Average Number of All Employees

(Man-Years).....eeven. Cheer e 4,260 4,292 4,281

Requirements for all other objects, excluding the proposed computer
purchase program, reflects an increase of $60,000 over the amount estimated
to be required for FY 1965. An increase of $4,367,000 in the overall com-
puter operations at the Langley Research Center will be required for the
purpose of procuring selected electronic computing equipment to meet long-
range research computing requirements.

Lower requirements in certain object classes are offset by an increase
in other contractual services required for increased maintenance and cperation
costs of new facilities coming into initial operation in FY 1966, as well as
the full-year cost for those facilities placed in initial operation in

FY 1965.
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762-047 O - 65 (Fols,

[ EXISTING FACILITIES
1 - Development Engineering Building and Annex
2 - Flight Research Building
3 - Aero Test Building
Technical Service Building
- Procurement and Supply 8
- Fabrication Shop
- Special Projects 1 ahnratory
- Liguia Metals Lorroseon Laboratory
Mateiials Provessing Lasuratory
Materials and Stresses taboraiory
- Fracture Mechanics Laboratory
- Rocket Engine Facility
14 - Administration Building
15 - Engine Research Building
16 - Chenistry Laboratory
17 - Liguid Metals Power Laboratory
\ 18 - Space Power Chambers

>
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BROOK
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= = | CENTER
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19 - Icing Research Tunnel

20 - Utilities Building

21 - Propuision Systems Laboratory

22 - 8X6-Foot Supersonic Wind Tunnei
24 - Basic Materials Laboratory

25 - [UX1U-toot Supersonic Wind Tunnel
26 - Rocket Combustion Laboratory

27 - Darclkat | ahnrataey
< MIULALL LUV Ul Y

28 - High-energy Fuels Laboratory
29 -~ Rocket Operations Building

o e e

LEWIS RESEARCH CENTER
FISCAL YEAR 1966 ESTIMATES

LOCATION PLAN

30 - Drop Tower

31 - Instrument Research Laboratory

32 - Propulsion Systems Laboratory Operational Building
33 - Electric Propulsion Research Biulding

34 - Electric Propulsion Laboratory

35 - Energy Conversion Laboratory // ‘ ‘\
&8 FACILITIES UNDER CONSTRUCTION e N N\

[y
e iy

i-10ad Capacily Tensiie Testing racinity
23 - Zers

Cravibty Canilide.
VIiuvily rauiiily

31 - Addition to Instrument Research Laboratory
£22 FACILITIES PROPOSED IN 1966 ESTIMATES

66- 1 - Building Addition to the 10X10-Foot Supersonic
Wind Tunnel for Data Processing

b6~ 2- Space Power Research Laboratory

——————CENTRAL AREA——
/

e

Bea
SCUTH ARCA

d




6£-¢ OV

LEWIS RESEARCH CENTER
PLUM BROOK STATION
FISCAL YEAR 1966 ESTIMATES

LOCATION PLAN
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[ ] EXISTING FACILITIES

5- ;;;’T\“:m;‘;m’ Burlding BEY  FACILITIES UNDER CONSTRUCTION
L s F S
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ADMINISTRATIVE OPERATIONS

FISCAL YEAR 1966 ESTIMATES

LEWIS RESEARCH CENTER

MISSION AND CAFPABILITIES:

The Lewis Research Center is primarily engaged in research and cevelop-
ment in the areas of advanced propulsion and space power generation. Included
in this mission is work on high energy chemical, nuclear, and electric rocket
engines alorng with research on space power systems for converting chemical,
nuclear, and solar energy into electricity. Basic and applied research is
conducted or materials and metallurgy; cryogenic and liquid-metal heat-
transfer fluids; pumps and turbines; combustion processes, propellants,
tankage, injectors, chambers, and nozzles; system control dynamics; plasmas
and magnetohydrodynamics; space meteoroid damage and zero-gravity effects.

In the space power area, a major effort is concentrated on turboelectric,
thermo-electrical, and thermionic energy-conversion systems.

Lewis Research Center's in-house research provides technical input and
direction tc the related development, or contractual, efforts for which the
Installation has managerial responsibility. For example, this Installation
maintains technical management of NASA contracts on electric propulsion,
nuclear and solar turboelectric space power systems, and liquid-hydrogen
rocket techriology. 1In addition, Lewis has the development responsibility for
the Atlas-Centaur and Atlas-Agena launch vehicles and the 1.5 million-pound-
thrust hydrogen-oxygen engine. Plans are now being made to adapt the Atlas
to the use of FLOX.

Major research tools and facilities, at the Lewis Research Center and
the Plum Brook Station are designed to simulate various flight conditions and
range from atmospheric wind tunnels to large space enviromment facilities,

A large 60-megawatt thermal reactor is now available for studying nuclear
radiation effects on materials and components, simulating various flux

levels associated with spacecraft applications of nuclear energy. Other
specialized experimental facilities include vacuum electron-beam furnaces

for refinement of tungsten, liquid-metal power loops for component evaluatioms,
zero-gravity drop tower, chemical-rocket static thrust stands, full-scale
non-nuclear NERVA stand for the study of engine control dynamics, and various
cryogenic ccmponent rigs.

SUMMARY OF EESOURCES REQUIREMENTS:

1964 1965 1966
Number of Positions, end of year.,. 4,859 4,847 4,847
Average Number of All Employees... 4,799 4,866 4,827
Administrative Operations......... $61,694,000 $70,971,000 $63,880,000

762-047 O - 65 - 31 AO 3-44



INSTALLATION DESCRIPTION:

The Lewis Research Center occupies two sites. The older one is on the
southwest edge of Cleveland, Ohio, and consists of over 100 laboratory
buildings, shops, wind tunnels, space environmment tanks and other special
facilities, all built for conducting research on advanced propulsion systems
or spacecraft power generating systems., The Cleveland facilities occupy
364 acres. The newer site is located just south of Sandusky, Ohio, ¢n land
formerly occupied by the Plum Brook Ordnance Works. Its 6,031 acres were
transferred to NASA, The research programs at Plum Brook Station are under
the technical direction of personnel located at Cleveland. They are conducted
at the larger site because of the need for large separation distances to
minimize hazards. A nuclear reactor is used to test components of nuclear
powered propulsion systems; large rockets are operated with fluorine,
hydrogen and other high-energy fuels; and turbo-pumps are developed for
cryogenic propellants. The total capital investment as of June 30, 1964
was $239,998,000,

ANALYSIS OF RESOURCES REQUIREMENTS BY OBJECT CLASSIFICATION:

1964 1965 1966

11. Personnel Compensation....... $42,969,000 $45,610,000 $45,635,000
12. Personnel Benefits........... 3,112,000 3,314,000 3,338,000

Total, personnel costs..... $46,081,000 $48,924,000 $4&,973,000

21. Trave. and Transportation

of persons.......ovuvees . 1,461,000 1,660,000 1,650,000
22, Transportation of Things..... 627,000 650,000 650,000
23. Rents, Communications,

and Utilities............ - 4,378,000 3,987,000 2,825,000
24, Print:ing and Reproduction.... 58,000 65,000 65,000
25, Other Services............... 2,300,000 2,563,000 2,849,000

Services of other agencies. 7,000 45,000 50,000
26. Supplies and Materials....... 2,865,000 3,150,000 3,050,000
31. Equipment......... N ceee 2,542,000 9,325,000 3,315,000
32, Lands and Structures......... 1,373,000 600,000 450,000
42, Insurance Claims and

Indemnities........ oot 2,000 2,000 3,000

Total. e iiienneineannns $61,694,000 $70,971,000 $63,880,000
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JUSTIFICATION BY OBJECT CLASSIFICATION:

Personnel Distribution

1964
Direct Personnel by Program
Manned Space Flight
Advanced missions...... et . 45
Space Science and Applications
Physics and asStronOmy.sccecececccesccss 1
Launch Vehi.cle development.-oc-ooounooo 261
Launch vehicle procurementesecscesececos 160
Advanced Research and Technology
Nuclear electric systems........e.... . 519
Nuclear rockets....... ettt 373
Solar and chemical power.............. 165
Space viehicle systems.......ovvvvunne . 189
Electronics SyStemS...ceeevevvoesrnn .. 56
Aeronautics.....ciciei it ceen 69
Human factor systemsS........cvoeeueese -
Chemical propulsion.........cevvvueuus 307
Basic research........... 416
Technology Utilization...... ccesesenaees 5
Sub-total, direct positions........ cen 2,566
Support personnel
Director and staff........... . ceees 16
Administration..........c..0v. et nsan .o 579

Sub-total, support persomnel,........ 2,285
Total, permanent positions......... . 4,851

Other positions:

Positions under cooperative

training agreements.............. .o 4
Other temporary positions.......... . 4
Total, all positionS........c.cvvuceennnnns 4,859

1965

45

254
177

474
373
170
173

52
114

308
408

2,555

17
573

1,670

2,260

4,815

11
21

4,847

o et
—_——=

1966

45

249
165

474
373
170
153

52
252

208
408

2,555

17
573

1,670

2,260

4,815

11
21

4,847
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Personnel Requirements

Although major effort will continue to be expended in FY 1966 relating

to the technical management, contract monitoring, and evaluation of the launch

vehicle development programs, a significant change in program emphasis will
entail the reassignment of personnel to provide added support in another area.
The suspensicn of effort under the M-1 engine program and the large solid

motor demonstration project will result in the reassignment of 100 employees

to support increased activity associated with the aeronautics program.

Other

minor persomnnel reassignments will be effected to meet changing program

needs.

The personnel cost

\

Personnel Costs

requested for FY 1966 is reflected below:

1964 1965 1966
Total Positions......ceveeeenens e 4,859 4,847 4,847
Permanent........cooveeonennesnns . 4,851 4,815 4,815
Other......uoviieteeonenneannns .o 8 32 32
Personnel Compensation:
Annual cost of permanent positions $42,557,000  $43,611,000 $43,610,000
Pay above the stated annual rate.. 361,000 173,000 173,000
Lapses (deduct)...oivveienennennn .. _=1,950,000 -219,000 -90,000
Net cost of permanent pbsitions... 40,968,000 43,565,000 43,693,000
Other personnel compensation...... 2,001,000 2,045,000 1,942 .000
Total compensation............. . 42,969,000 45,610,000 45,635,000
NASA funded............... e.-. 42,969,000 45,610,000 45,635,000
Reimbursable.................. -- --- ---
Personnel benefitS...veieeeesncansee 3,112,000 3,314,000 3,338,000
NASA funded.........oviiivnnennnne 3,112,000 3,314,000 3,338,000
Reimbursable............. . v -——— —-- -—
Total persSornel COSES..vuvwvernenense 46,081,000 48,924,000 48,973,000
NASA funded...... et erece et 46,081,000 48,924,000 48,973 ,00C
Reimbursable................ Ceeeee --- --- ---
Averazpe Number of All Emplovees
(Man Years)............ e . 4,799 4,866 4,827
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Excluding the FY 1965 computer purchase program, the FY 1966 estimates
reflect an increase of $270,000 over the amount estimated to be required
during the current fiscal year. Essentially, the entire increase is
required for contractual services relating to the maintenance and repair of
scientific and research equipment and for additional maintenance costs
connected with the new facilities coming into initial operation in FY 1966,
as well as the full-year costs of facilities placed in initial operation in
FY 1965.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
ORGANIZATION AND STAFFING CHART

SPACE NUCLEAR PROPULSION OFFICE

STAFFING SUMMARY

Excepted

GS-16

GS-15

GS-14

All other GS

Wage Board

Total Permanent
Temporary

Total Positions

OFFICE OF THE MANAGER
65 86
Excepted - -
65 66 GS-16 - -
3 3 GS-15 1 1
3 3 GS-14 - -
16 16 All other GS 2 2
20 20 Wage Board - -
74 74 -
- - Total 3 3
116 116
116 116
ALBUQUER(
QUERQUE EXTENSION NERVA BRANCH
65 66
lixcepted - - 65 66
(8-16 - - Excepted 1 ]
8-15 - - GS-16 - -
S-14 1 1 GS-15 3 3
All other GS - - GS-14 - -
Wage Board - - All other GS 1 1
- Wage Board - .
Total 1 1 -
Total 5 5
CLEVELAND EXTENSION ADVANCED ENGINE BRANCH
65 66 65 66
Excepted 2 2 Excepted - -
GS-16 1 1 Gs-16 1 1
GS-15 9 9 GS-15 1 1
GS-14 14 14 GS-14 - -
All other GS 45 45 All other GS - -
Wage Board - - Wage Board - -z
Total 71 71 Total 2 2
NEVADA EXTENSION FACILITIES BRANCH
65 66 65 66
Excepted - - Excepted - -
GS-16 - - GS-16 1 1
pse————————
GS-15 1 1 Gs-15 1 1
GS-14 5 5 GS-14 - -
All other GS 25 25 All other GS 1 1
Wage Board = - Wage Board - -
Total 31 31 Total 3 3
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ADMINISTRATIVE OPERATIONS

FISCAL YEAR 1966 ESTIMATES

SPACE NUCLEAR PROPULSION OFFICE

MISSION AND CAPABILITIES:

The Space Nuclear Propulsion Office (SNPO) is a joint office of the
National Aeronautics and Space Administration and the Atomic Energy Commis-
sion. The primary mission of SNPO is to provide the necessary research,
design and engineering data, test hardware, and general technology required
to assure that nuclear rocket systems can be developed at the power levels,
operating times, restart conditions, and specific impulse values needed in
advanced space exploration missions.

SNPO was established to assure the formulation and execution of a well
integrated program for nuclear rockets which fulfills the responsibilities
of both the Atomic Energy Commission and the National Aeronautics and Space
Administration. Implementation of the assigned program entails: basic
research on reactors, engine systems, and nuclear vehicle technology; devel-
opment of practical heat-exchanger-type rocket reactors and engine systems;
and ground testing of reactors and engines, and the development of relia-
bility.

SUMMARY OF RESQURCES REQUIREMENTS:

1964 1965 1966
Number of Positions, end of year.. 112 116 116
Average Number of All Employees... 103 114 116

Administrative Operations......... $1,472,000 $1,725,000 $1,838,000

INSTALLATION DLSCRIPTION:

The Space Nuclear Propulsion Office was established by agreement of
August 1960 hetween the AEC and the NASA. The Installation consists of a
headquarters office located at Germantown, Maryland, and three field exten-
sions located in Ohio, New Mexico, and Nevada. By agreement between AEC
and NASA of February 1962, the Nuclear Rocket Development Station (NRDS) was
established to provide a site for ground static testing of the reactors,
engines, and eventually, vehicles associated with nuclear rocket development.
The NRDS, a $0,000 acre site carved out of the AEC's Nevada Test Site, is
located in Nye County, Nevada, approximately 90 miles northwest of Las Vegas.
The total carital investment of NASA funded facilities as of June 30, 1964
was $8,069,000.

762-047 O - 65 - 32 AO 3‘52



ANALYSIS OF RESOURCES REQUIREMENTS BY OBJECT CLASSIFICATION:

1964 1965 1966
11. Perscrinel Compensation........ $1,125,000 $1,391,000 $1,424,000
12. Perscrnnel BenefitsS....cevevoee 82,000 109, 000 111,000
Total, personnel costS...... $1,207,000 $1,500,000 $1,535,000
21. Travel and Transportation
Oof PersonsS..c..ceeeeeeososees 171,000 200,000 200, 000
22. Transportation of Things...... 11,000 10,000 3,000
23. Rents, Communications, and
UtilitiesS..eeeeeeevnnnooonne - --- -
24, Printing and Reproduction..... --- --- -
25. Other Services.....escevvsos . - 15,000 100,000
Services of other agencies.. 83,000 —-- ---
26. Supplies and Materials........ - --- -
31. Equipment......o...... crsecvee == - -
32. Lands and StructureS......... . - - -———
42, Insurance Claims and
Indemnities.e.oovsess s es e -— - -
Totale..eeeseeeeosasosansasne $1,472,000 $1,725,000 §é£838,000
JUSTIFICATION BY OBJECT CLASSIFICATION:
Personnel Distribution
1964 1965 1966
Direct Persomnnel by Program
Advanced Research and Technology
Nuclear 10CKetSe.ceevevreeoaranas 106 110 110
Technology Utilization.....ceeeeee. 1 1 1
Support personriel
Director and Staff--------......... 1 1 1
AdministratioNes.eeveseecesenvencens 1 1 1
Research and development support... 3 3 3
Sub-total, support positions..... 5 5 5
Total, permanent positions....... 112 116 116
Other positions: .......cvvevveeann -—— - -
Total, all positions.......ceeeue.. oo 112 116 116



Personnel Recuirements

The manpower required for the effective monitoring and management of the

nuclear rocket program will remain constant in FY 1966.

The small increase

in personnel costs is required to fund expected salary adjustments to become

effective in FY 1966.

The limited staff and funding flexibility necessi-

tates support for these items in order to maintain a constant man-year effort.

Personnel Costs

1964 1965 1966
Total PoSitions eeeeveeenenen. ceeeen 112 116 116
Permanent. .« eciiieriacnacreniannnns 112 116 116
Other.......-. ----- e 00 ces s os 0000 s e - infiadind -
Personnel Compensation:
Annual cost: of permanent
POSItionNS. s iveeieeeusoscocoanes $1,249,000 $1, 389,000 $1,415,000
Pay above the stated annual rate.. 9,000 6,000 6,000
Lapses (deducCt)e.v.eeveronennoeeas -136,000 -10,000 -3,000
Net cost of permanent positions... 1,122,000 1,385,000 1,418,000
Other personnel compensation...... 3,000 6,000 6,000
Total compensatione.e.ceeceeceee 1,125,000 1,391,000 1,424,000
NASA funded. . cvvevnienrnnnes .o 1,125,000 1,391,000 1,424,000
Reimbursable..cevereceeeenanes ——— ——— -
Personnel berefits.....ce..... ceeeee 82,000 109, 000 111,000
NASA fundedee.veverrieeniocennnnas 82,000 109,000 111,000
Reimbursable.....vceeeneecencocnsns ——- .- -
Total personnel cOStS.....cvivvuuess 1,207,000 1,500,000 1,535,000
NASA funded.....cvcivvvensvococnsos 1,207,000 1,500,000 1,535,000
Reimbursable.....v.eeeeeececenceons - - .-
Average Number of All Employees
(Man Years)e:eeeeeeeeeeecooononoes 103 114 116

Other requirements reflect an increase of §$78,000 over the amount:
estimated to be required for FY 1965. All of the increase is required for
the periodical updating of the master planning for the Nuclear Rocket Develop-
ment Station at Nevada. This includes special studies and engineering services
designed to minimize future operational costs of the station.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

762-047 O - 65 {Fols,

STAFFING SUMMARY
o5 . ORGANIZATION AND STAFFING CHART
NASA - TERS
Excepted 170 169 NASA HEADQUARTERS
cs-16 39 39
Gs-15 384 384
Gs-14 302 302
All other GS 1,242 1,243
wage Board 19 19
Total 2,156 2,156
Temporary 65 65 ADMINISTRATOR
J— 65 66
. 5 LER 1
Total Positions 2,221 2,221 Excepted 5 S
G5-1% - -
GS-15 -
] re-1s -
1 All other GS 7 7 I l
Wave Raard 3 T _ e
LEGISLATIVE AFFATRG = —
- INTERNATIONAL AFFAIRS N POLICY PLANNING TECHNOLOGY UTILTZATION
65 héb Total 13 13
Excepted 3 3 65 86 65 66 65 66
GS-16 - - Excepted 2 2 Excepted 4 u Excepted 3 73
GS-15 4 4 Gs-16 L ! EXECUTIVE SECRETARIAT GS-16 - - GS-16 - -
GS-14 2 2 GS-15 3 B 6815 a o GS-15 i io
All otner Gs 20 20 CS-14 - - 65 66 Gs-14 3 3 GS-14 11 11
Wage Board 1 1 All other GS 21 21 Excepted 1 L ALl other GS 13 13 All other GS 53 53
Wage Board - il GS-16 - - Wage Board - _- Wage Board - -
Total 30 30 GS-15 2 2
Total 27 27 GS-14 3 5 Total 24 24 Total 77 77
All other G§ 29 29
Wage Board - -
Total 35 35
GENERAL COUNSEL PUBLIC AFFAIRS
65 66 65 66
Excepted 5 Excepted 505
[ - - 6S-16 N N
68-15 11 11 ¢5-15 16 1s
c5-14 8 8 Cs-14 b
ALl other GS 27 27 B
) \ : . All other GS 73 73
Wage Board o = Wage Board . -
Total 5 51 ASSOCIATE ADMINISTRATOR
ota
Total 5
65 65 115 115
Excepted 3 3
GS-16 - -
GS-15 2 2
GS-14 2 2
All other G$ 8 8
. Wage Board - =
INDUSTRY AFFAIRS PROGRAMMING DEFENSE AFFAIRS ADMINISTRATION
85 86 65 66 fotal b 65 66 LER-Y
Excepted 5 5 Excepted ER) = 2 NASA-Wide
Gs-16 11 vt T Excepred 33 Excepted o 10
Gs-13 1515 6s-15 15 15 Gs-15 1 1 Gs-16 ! 1
GS-14 25 25 GS-14 15 15 Cs-14 L L Gs-15 43 43
ALl other Gs 97 ALl other CS 50 50 ALl other G§ s s o5t AT
Wage Board - - Wage Board N i tage Bourd All other GS 181 185
— — age Boar = i Wage Board - -
Total 125 125 Total 87 87 Total 10 10 Total 285 289
Headquartcers Opcrations
Excepted 1 1
G5-10 - -
DSACASHK* n8]-1 5 A ’
. ) TRACKING AND DATA ACQUISITION GS-14 6 6
85 06 All other GS 201 157
Excepred - - 65 66 Waye Board 17 17
Ge-14 Exceptea 5 5
GS-15 1 i cs-16 3 2 Total iy id
CS-14 11 11 c5-15 U 20
All other GS 8 8 GS-14 7 7
Wage Board - - All other GS Ih 26
Wage Board - -
Total 26 26
Total 60 60
T i e SPACE SCIENCE AND ALVANCED RESEARCH AND
MANNED SPACE FLIGHT APPLICATIONS TE LOCY
hs i £S 154 0> [
* NASA Staffing for: Excepted 44 43 Excepted 33 33 Excepted 33 33
Soolf h i 55-16 i 14 w10 13 13
Defeuse Supply Agency Contract G8-15 120 0 G5-15 53 53 GS-15 60 60
Adminisrration Services Regiong £s-14 A 0514 26 28 G5-14 25 25
All other GS 206 All other GS 144 144 All other GS 91 91
Wage Board - - Wage Board - - Wapge Board - -
Total 461 46l Total 270 270 Total 222 222
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’ ADMINISTRATIVE OPERATIONS
FISCAL YEAR 1966 ESTIMATES

NASA HEADQUARTERS

MISSION AND CAPABILITIES:

The mission of the Headquarters of the National Aeronautics and Space
Administration is to plan and provide executive direction for the programs
authorized by the Congress, and to implement the national objectives stated
in the National Aeronautics and Space Act of 1958, as amended. The prin-
cipal statutory functions are:

1. To conduct research into, and for the solution of, problems
of flight within and outside the earth's atmosphere and to
develop, construct, test, and operate aeronautical and space
vehicles for research purposes.

2. To conduct activities required for the exploration of space
with manned and unmanned vehicles,

3. To arrange for participation by the scientific community in
planning scientific measurements and observations to be made
through use of aeronautical and space vehicles, and conduct
or arrange for the conduct of such measurements and observa-
tions.

4. To provide for the widest practicable and appropriate dissem-
ination of information concerning its activities and the results
therecf.

The following offices at Headquarters assist general management in
carrying out the technical aspects of this mission:

The Office of Manned Space Flight - Responsible for all NASA
activities directly involving manned space flight missions.
Programs include Gemini - to develop an operational capability
to fly a two-man spacecraft in near-earth orbit for periods up
to fourteen days and to learn new techniques, including
rendezvous, docking and extra-vehicular activity; Apollo - to
develop a three-man operational capability in near-earth orbit,
in lunar environment, including manned landing on the lunar
surface, and return to earth; and Advanced Missions - to

plan a brcad program of exploration which will achieve and
maintair. &z position of space leadership for the United States.
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This office also has overall institutional responsibility for the three
installations primarily concerned with the manned Space flight programs.
These installations are: George C. Marshall Space Flight Center, in-
cluding Mississippi Test Facility, Michoud Plant, and at Slidell where
a computer facility is located; the Manned Spacecraft Center, including
NASA activities at the White Sands Missile Range; and the John F.
Kennedy Space Center.,

The QOffice of Space Science and Applications - Responsible for all

NASA programs for the unmanned scientific investigation of space with
sounding rockets, earth satellites, and deep space probes to the moon,
planets and interplanetary space and for the scientific experiments

to be conducted by man in space; for research and development of use-
ful applications of space flight in the areas of meteorology, communi-
cations, navigation, geodesy, and for the support of operational systems
using these developments; for the development and procurement of the
light and medium class of launch vehicles up to and including the
Atlas/Centaur; and for the sustaining wuniversity program.

In addition to the foregoing, this Office has overall institutional
responsibility for the installations primarily involved in carrying
out NASA's space science and applications programs. These instal-
lations are: Goddard Space Flight Center, Wallops Station, Pacific
Launch Operations Office; and the NASA Resident Office at JPL, which
administers tthe NASA contract with the California Institute of
Technology for the operation of the Jet Propulsion Laboratory.

The Office of Advanced Research and Technology - Responsible for the
planning, direction, execution, evaluation, documentation, and dis-
semination of the results of all NASA research and technology programs
which are conducted primarily to demonstrate the feasibility of a
concept, structure, component, or system which may have specific
general application to the Nation's aeronautical and space objectives.
This Office 13 also responsible for coordinating NASA's total program
of supporting research and technology, which is related to carrying
out the specific flight missions in order to avoid unnecessary dupli-
cation and to insure that the agency has an integrated and balanced
research progranm.

In addition, this Office has overall institutional responsibility
for the research centers primarily involved in carrying out NASA's
advanced research programs. These installations are: Ames Research
Center, Electronics Research Center, Flight Research Center, Langley
Research Center, Lewis Research Center, and the Space Nuclear Pro-
pulsion Office,

The QOffice of Tracking and Data Acquisition - Responsible for the
development, implementation, and operation of tracking, data
acquisition, communications, and data processing facilities, systems,
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and services required for NASA flight programs. In addition, the
Office is responsible for the agency-wide coordination of the
managemer.t of automatic data processing.

SUMMARY OF RESOURCES REQUIREMENTS :

1964 1965 1966
Number of Pcsitions, end of year. 2,133 2,221 2,221
Average Number of All Employees.. 1,944 2,070 2,150
Administrative Operations:
NASA Headquarters.............. $49,115,000 $52,668,000 $56,103,000
Jet Propulsion Laboratory
(purchase of computers)...... --- 20,587,000 ---

Total, Administrative

Operations.......oocvvvunen $49,115,000 $73,255,000 §56,103!000

INSTALLATION DESCRIPTION:

The NASA Headquarters is located at 400 Maryland Avenue, S.W.,
Washington, D.C., and also occupies other buildings in the District of
Columbia and nearby Virginia. Except for space leased in the Universal
North Building and a storage area in Virginia, personnel occupy Government-
owned buildings.

ANALYSIS OF RESOURCES REQUIREMENTS BY OBJECT CLASSIFICATION:

1964 1965 1965

11. Personnel Compensation...... $22,302,000 $25,897,000 $26,822,000
12. Personnel Benefits.......... 1,678,000 1,834,000 1,912,000

Total, personnel costs.... $23,980,000 §$27,731,000 $28,734,000
21. Travel and Transportation

of Persons....eveeennnseaes 2,607,000 2,634,000 2,627,000
22, Transportation of Things.... 456,000 460,000 281,000
23. Rents, Communications,

and UtilitieS...oveuuueen. 1,969,000 2,058,000 2,218,000

24, Printing and Reproduction,,. 1,233,000 1,640,000 1,701,000
25, Other ServiceS.............. 17,747,000 16,767,000 19,875,000
26. Supplies and Materials,,,... 566,000 421,000 414,000
31, EQUipment.......eeeeeseoeo.. 555,000 21,534,0008/ 243,000

a/ Includes $20,587,000 for purchase of ADP equipment for the Jet
Propulsion Laboratory, Pasadana, California.
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1964 1965 1966

32. Land and Structures .... 1,000 -——— -
42. Insurance Claims and
Indemnities.......... . 1,000 10,000 10,000
Total...... ceeeae Ceeee $49,115,000 $73,255,000 §56,1Q3,000

The above estimates, other than for personnel compensation and bene-
fits and travel, have been distributed between NASA-wide support functions
with all centers benefiting and for operation of Headquarters. The follow-
ing table shcws this comparison by object classification.

Analysis of Funding for NASA-wide
Support and Headquarters Operations

FY 1965 FY 1966
Object NASA-wide Hdqrts. NASA-wide Hdqrts.
Class Total Support Operat. Total Support Operat.

(In thousands of dollars)
22. Transportation
of Things..... $460 $400 560 $281 $221 560
23. Rents, Communi-
cations and

Utilities..... 2,058 882 1,176 2,218 1,116 1,102
24, Printing and
Reproduction.. 1,640 1,454 186 1,701 1,511 190

25, Other Services.. 16,767 15,592 1,175 19,875 18,646 1,229
26. Supplies and

MaterialsSess.. 421 30 391 414 23 391
31. Equipment....... 21,534 20,6998/ 835 243 74 169
32. Lands and Struc-

tUTeS. vvvveone - -—-- -——- -—- -——- -
42, Insurance Claims

and Indem-

nities...cevee. 10 --- 10 10 - 10

Total......... $42,890 $39,057 $3,833 $24,742 $21,591 §3,151

a/ Includes $20,587,000 for purchase of ADP equipment for the Jet Propul-
sion Laboratory, Pasadena, California.
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JUSTIFICATION BY OBJECT CLASSIFICATION:

Personnel Distribution

1964 1965 1966
Direct Persomnanel by Program
Manned Space Flight
Y 1 s 73 104 104
APOLLO. i v it vttt ittt tttae i eranteostnaanaenas 286 297 297
Advanced missions.....ieiiiiiiersacnaniannas 60 60 60
Space Science and Applications
BioscCienCe. v inirinnennereertieresaossanannse 23 23 23
Sustaining university program........ecce0.s 68 73 73
Physics and astronomy.......eceeeveeesccces 56 52 52
Lunar and planetary exploration............ 54 57 57
Communication satellites.......vvevieeeenesns 14 10 9
Launch vehicle development.......cvevvneeues 12 13 13
Meteorological satellites.......covivvunenn 20 20 20
Launch vehicle procurement......ceeeoceeeeas 13 14 14
Applications technology satellites......... 8 9
Advanced Research and Technology
Nuclear 1ockets. . evreieinnsnnsnssoansness 27 28 28
Nuclear-electric systems..... . 4 4 4
Chemical propulsion........ccvviivcanncanas 21 21 21
Space vehicle systems........... e teerrseas 44 46 46
Electronics systems..... et ecersetnenanan 35 35 35
Aeronautics...oevieronneainn Ceseasssaraasns 22 26 26
Human factorx systems......... e etearsanaas 22 23 23
Basic research... oottt iiieciocinnnnasean 26 27 27
Solar and chemical power........cevvvvevvan 10 12 12
Tracking and Data Acquisition 51 60 60
Technology Utilization 14 13 13
Sub-total, direct positions 959 1,026 1,026

AO 4-6



1964 1965 1966
Support personnel:
NASA-wide SUPPOTL. ...t ieinrnnersennsnnesas 865 901 905
Administration........ i ivennenenrnrnennnnss 267 229 225
Sub-total , support positions.........ceveee 1,132 1,130 1,130
Total, permanent positions.................. 2,091 2,156 2,156
Other positions:
Positions under cooperative training
AETEeMENTS. v it evernesnssnsossessonnasss --- - -——
Other temporary positions.........cevevevenn 42 65 65
Total, all posSitions.........iiveinvencoceneeens 2,133 2,221 2,221
Personnel Costs
1964 1965 1966
Total Positions.........c.coveuuee 2,133 2,221 2,221
Permanent..........coivevuvnnnn 2,091 2,156 2,156
Other.....iviuiiiinreineennseneas 42 65 65
Personnel Compensation:
Annual cost of permanent
positions ......... .00 $22,249,000 $25,652,000 $25,645,000
Pay above the stated annual
o 3 o = S 160,000 99,000 99,000
Lapses (deduct)................ -1,448,000 -1,272,000  -355,000
Net cost cf permanent positions 20,961,000 24,479,000 25,389,000
Other personnel compensation... 1,341,000 1,418,000 1,433,000
Total ccompensation........... - 22,302,000 25,897,000 26,822,000
NASA funded................ 22,302,000 25,897,000 26,822,000
Reimbursable............... --- --- ---
Personnel benefits..........cc0.. 1,678,000 1,834,000 1,912,000
NASA funded..............0cuu 1,678,000 1,834,000 1,912,000
Reimbursable................... --- --- ---
Total personnel costs............ 23,980,000 27,731,000 _28,734,000
NASA funded.................... 23,980,000 27,731,000 28,734,000
Reimbursable................... --- --- ---
Average Numter of All Employees
(Man Years)........coiuieuvnnsan 1,944 2,070 2,150
AQ 4-7
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Personnel Costs - $28,734,000

The personnel costs for FY 1966 are estimated to be $1,003,000 above
the requirement for FY 1965, of which $925,000 is for personnel compensation
and $78,000 for personnel benefits, to cover the cost of 80 man years re-
sulting from full year employment in FY 1966 of personnel hired in FY 1965.

Travel and Transportation of Persons - $2,627,000

There is a slight decrease below the FY 1965 level for travel
and transportation of persons during FY 1966. The estimate includes
$2,322,000 for NASA employee travel, of which, $2,150,000 will be
used for direction and coordination of program and administrative
activities; $107,000 for the contract charter airlift service; $30,000
for costs relating to initial duty stations, temporary assignments and
transfers; and $35,000 for meetings of NASA technical committees and work-
ing panels. The balance of $305,000 is for non-NASA employee travel of
technical and research advisory committees; and for costs of local trans-
portation and rental of passenger motor vehicles.

Transportation of Things - $281,000

The FY 1966 estimate for transportation of things is projected at
$179,000 below the FY 1965 level primarily as a result of a reduction in
the transportation of exhibits and for cargo airlift costs.

The requirement of $281,000 in FY 1966 under this object class includes
$140,000 for the domestic and overseas shipment of exhibits and spacemobiles;
$42,000 for the ''cargo'" portion of the charter airlift service; $56,000 for
costs of transportation of household goods and personal effects; and 543,000
for freight, express, drayage and parcel post costs of shipments to NASA
installations, and rental of trucks from GSA.

The distribution of $281,000 in FY 1966 includes $221,000 for NASA-
wide support and $60,000 for Headquarters operations.

Rents, Communications, and Utilities - $2,218,000

The FY 1966 estimate for rents and communications reflects a net
increase of $160,000 over FY 1965 -- $107,000 for rents and $53,000
for communications.

The net increase of $107,000 for rents includes: 1) an increase of
$278,000 for rental of space to house the NASA Scientific and Technical
Information Facility on a full year basis in FY 1966. This space will
be acquired through the General Services Administration during the latter
part of FY 1965. 1In previous years, the rental of space was included as
a part of the contract with Documentation, Inc.; and 2) a decrease of
$171,000 for rental of ADP equipment.
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The increase of $53,000 for communications costs reflects minor in-
creases for local telephone and exchange services, Federal Telecommuni-
cations systems lines, telegraph and TWX service and for postage costs.

The request of $2,218,000 in FY 1966 includes $1,116,000 for NASA-wide
support and $1,102,000 for Headquarters operations.

The following table reflects changes for this object classification:

Increase
or
Decrease
Rents $+107,000
Space..w .. ... Cheec s it oen +278,000
ADP equipment......ccenevrereccnncencos -171,000
Other equipment.......coviveveereneenns ---
Office equipment........cocvviieeenannn -
Communications +53,000
Leased lines. ... .i ittt i e -16,000
Local telephone and exchange
BEEVICE. vttt vt i it iasveonsnsanannasons +39,000
Long distance tolls........... Cee e -10,000
FTS charges. . .o ciiiennennsnseeeneanss +10,000
Telegraph. ... ...t iiierennienananns +10,000
101 QPO +10,000
Bde T oF- V€= +10,000
Total. ..ot iiiieinnnnns $+160,000

Printing and Reproduction - $1,701,000

The FY L1966 estimates reflect an increase of $61,000 over FY 1965
for these services. About 89 per cent, or $1,511,000 of the $1,701,000
requested covers printing costs for NASA-wide support activities associated
with the scientific and technical documentation programs; such as printing
of scientific and technical aerospace reports covering world-wide inter-
disciplinary report literature in the aerospace field, special publications
on research program developments and integrated reports of orbital, lunar,
and planetary flights; and proceedings of symposia and conferences on
selected scientific topics; and for printing of educational media concerning
the Agency's program results in formats suitable for dissemination to the
educational community and to the general public. The remaining 11 pex cent,
or $190,000, is required for Headquarters operations for printing and re-
production of forms, regulations and general printing and reproduction
services.
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About 93 per cent, or $1,577,000 of the FY 1966 estimate is for printing
and allied services which will be performed through Government sources. The
remaining 7 per cent, or $124,000, is for printing and photostating to be
done by commercial sources.

Other Services - $19,875,000

The FY 966 estimate for other services is $3,108,000 higher than for

FY 1965. The following table shows an analysis of the major increases
in this area:
Increases
NASA scientific and technical information
facility......ovvun.. ettt e es e .. $800,000
Technical documentation program............ 1,000,000
Scientific information systems development, 200,000
Preparation of manuscript material for
specialized scientific and technical
publications and monographs.............. 490,000
Audio visual processing/depository service. 180,000
International graduate fellowship program.. 170,000
Various minor adjustments in other
Headquarters programs and projects..... - 268,000

] o $3,108,000

Of the ret increase of $3,108,000, about 80 per cent, or $2,490,000,

is requested for the scientific and technical information program. This
includes:

1. $80C,000 to provide for the documentation in NASA's contractor-
operated Scientific and Technical Information Facility of the
greatly increasing volume of scientific and technical data re-
quired for direct use in NASA's research and development programs.
The FY 1966 workload is expected to be at least 25% greater than
the FY 1965 level.

2. §$1,000,000 for documentation of world-wide aerospace journal
literature, primarily to align the funding of a contract to a
full fiscal year basis in FY 1966. In addition, it would pro-
vide a small expansion in the program to process this literature
for immediate use in the NASA technical programs. The global
output of aerospace literature is increasing at an accelerated
rate.
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3. $200,000 for information systems development to increase the
effectiveness of the NASA technical information program and to
permit the most economical interchange of NASA computerized
documentation output with those of Department of Defense, Atomic
Energy Commission, and other government agencies.

4. $490,000 for preparation of manuscript material for specialized
scientific and technical publications, handbooks, data compilations,
and monographs on aerospace subjects such as radio propagation
through re-entry systems, design of meteorological sounding rockets,
stabilization standards for interplanetary probes, space prcbe
instrumentation, satellite scientific instrumentation, and launch
fac:lities.

The remaining 20 per cent, or $618,000, includes an increase of
$170,000 for the International Graduate Fellowship program sponsored by
foreign countries and administered by the National Academy of Sciences;
$180,000 for services in connection with the processing, indexing, storage,
and distribution of audio visual material including maintenance of ccntrol
over receipt cataloging and storage of film; and $268,000 for various items
such as, rel:ability and quality assurance studies of selected assessments
of hardware design, security reinvestigation program, toxicity studies re-
lating to the NASA-wide occupational medical program, and procurement pro-
grams, policies and procedures studies.

Of the total $19,875,000 requested for this object classification in
FY 1966, about 94 per cent will be used for NASA-wide activities and 6 per

cent for Headquarters Operations.

Supplies anc Materiais - $414,000

The estimate for FY 1966 for this category is $7,000 less than in
FY 1965. Funds requested are for the purchase of expendable and non-
expendable items such as: office supplies and materials, pamphlets and
documents fcr the technical documentation and educational services programs,
periodical subscriptions for the law and technical libraries, and photo-
graphic and drafting supplies.

Of the $414,000 about 6 per cent, or $23,000, is used for NASA-wide
activities and 94 per cent, or $391,000 for Headquarters Operations.

Equipment - $243,000

The FY 1966 estimate reflects a reduction from FY 1965 requirements.
The principal reason is the non-recurring item of $21,200,000 in FY 1965
for the purchase of ADP equipment ($20,587,000 for the Jet Propulsion
Laboratory and $613,000 for NASA Headquarters). In addition, a reduction
of $91,000 is estimated for the requirement for the purchase of miscellaneous
office and other equipment,
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The estimate of $243,000 for office and other equipment in FY 1966
includes $74,000 for the procurement of 10 replacements for existing
spacemobiles and for the purchase of models and equipment needed in support
of spacemobile lecturers. The balance of $169,000 is required for purchase
of office furniture and equipment for Headquarters Operations.

Insurance Claims and Indemnities - $10,000

The FY 1966 requirement is estimated at the same level as for FY 1965.
These funds are to cover payment of claims of $2,500 or less under the
provisions of 28 U.S.C. 2672 for injury or loss of property, personal
injury, or death caused by the negligent or wrongful act or omission of
any employee of NASA while acting within the scope of the responsibility
of his office or employment.
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ADMINISTRATIVE OPERATIONS
FISCAL YEAR 1966 ESTIMATES

NORTH EASTERN OFFICE

MISSION AND CAPABILITIES:

The North Eastern Office was merged with the Electronics Research Center
effective September 1, 1964, The fiscal year 1965 and 1966 requirements of
this office are included with the estimates for the Electronics Research Center,

SUMMARY OF RESOQURCES REQUIREMENTS :

1964 1965 __1966
Number of Positions, end of year. 33 - -
Average Number of All Employees.. 30 -——- ———
Administrative Operations........ $379,000 --- -

INSTALLATION DESCRIPTION:

The North Eastern Office was located in Cambridge, Massachusetts.

ANALYSIS OF RESOURCES REQUIREMENTS BY OBJECT CLASSIFICATION:

1964 1965 1966

11. Persormel Compensation...... $280,000 -—- -——-
12. Personnel Benefits.......... 20,000 == L ===

Totsl, personnel costs.... $300,000 .- ——
21. Travel and Transportation

of FersonsS...ceessecescces 27,000 ~—- —--
22. Transportation of Things.... 1,000 —— -—-
23. Rents, Communications,

and UtilitieSecieveacascnse 28,000 --= —-—-
24, Printing and Reproduction... 4,000 -——- -—-
25. Other Services....viveeese .o 3,000 ——- .-

Services of other agencies 3,000 --- -—-
26, Supplies and Materials...... 10,000 -—- -———
31, Equipment...... sreseeaes N 3,000 —_— ———

Total.,e.veoenaes checesenne $379,000 - — .=
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JUSTIFICATION BY OBJECT CLASSIFICATION:

Personnel Distribution

Support personnel
1964
Director and staff...ccoveeennenes 2
NASA"Wide supvport...o............- 30
Sub-total, support positioms.... 32
Total, permanent positions...... 32
Other positions:
Positions under cooperative
training agreement8.....cec000 -
Other temporary positions....... 1
Total, all positionS..cceecsseesacse 33

Personnel Costs

1964
Total PoSitiONS.cesaveccacrscoscasnns 33
Pemnent.'ll.....l........ll..... 32
Other.....ccc.. cecscessens cecesnse 1
Personnel Compensation: v
Annual cost of permanent positions $305,000
Pay above the stated annual rate.. 2,000
Lapses (deduct)...eeecsecscsccvene ~39,000
Net cost of permanent positioms... 268,000
Other personnel compensation...... 12,000
Total compensation.....cccceces. 280,000
NASA funded...cccevecaseoccnns 280,000
Reimbursable...ceccsesscescese -
Personnel benefits...cececcvcnennnns 20,000
NASA funde'd.........-............. 20,000
Reimbursable......coveveecenconnse ——-
Total personnel coSstS8........ seessas 300,000
NASA funded....... cessaseassenens . 300,000
Reimbursable....eooeeceeccens cesaa -
Average Number of All Employees
(Man Years) c.cceeecnsssssccccsonce 30
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
ORGANIZATION AND STAFFING CHART
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GS-14 49 49
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Total
65 66
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65 66
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4 4 Other GS 23 23
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Total 24 24
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6 6 Total 9 9
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Total 4 4 Total 9 9
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ADMINISTRATIVE OPERATIONS
FISCAL YEAR 1966 ESTIMATES

WESTERN OPERATIONS OFFICE

MISSION AND CAPABILITIES:

The primary mission of the Western Operations Office is to provide
technical, contractual, and administrative support to NASA field centers
and NASA Headquarters for programs and projects located in Southern
California and other areas west of Denver. The Western Operations Qffice
functions as a field service in such areas as procurement, technical and
contract administration, legal and patent reviews, and personnel, admin-
istrative support, and financial management activities in the area west
of Denver.

Technical management support as assigned by field centers and NASA
project managers includes the technical management and administration of
research and development and facilities contracts; monitoring of related
quality assurance requirements; quality assurance surveys of industrial
plants and organizations; monitoring of advanced technology contracts;
negotiation cf contracts; procurement of pressurants and propellants for
NASA and contractor requirements; and the operation of a contract admin-
istration and quality assurance organization for the Apollo and Saturn
projects at the North American Aviation, Inc., plant at Downey, California.

The mission of the Western Operations Office also includes admin-
istrative support and services for the NASA Resident Qffice at the Jet
Propulsion Laboratory. The Resident Office, physically located at the
Jet Propulsion Laboratory in Pasadena, California, has principal contract
administration responsibilities for the NASA contract with the California
Institute of Technology which operates the Jet Propulsion Laboratory.

SUMMARY OF EESOURCES REQUIREMENIS:

1964 1965 1966
Number of Positions, end of year... 376 406 406
Average Number of All Employees.... 336 390 405
Administrative Operations.......... $4,924,000 $5,989,000 $6,327,000

INSTALLATION DESCRIPTION:

The main Western Operations Office is located at 150 Pico Boulevard,
Santa Monica, California. The Office occupies a group of leased buildings
and no Government investment in buildings or acreage is involved at this
location. In about two years, the main office will move to a new GSA
Federal Office Building to be constructed in nearby West Los Angeles.
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Over one-third of the Western Operations Office staff is located in
Government-owned facilities at Downey, California, which are currently being
utilized by the Space Information Systems Division of North American Aviation,
Inc. The Government-owned portion of the North American Aviation Dowmey
complex is located on 166 acres and the land and plant acquisition value
is approximately $44 million as of June 30, 1964. The responsibility for
management of property and facilities was transferred from the Air Force to
NASA on July 1, 1964. A few additional Western Operations personnel are
assigned to other contractor locations within the Los Angeles area where
full time project support is required. The map on page AO 4-15 shows the
location of the Western Operations QOffice in the Los Angeles area and the
Downey Operat:ions Office is identified therein as NAA Autonetics - SID.

ANALYSIS OF RESOURCES REQUIREMENTS BY OBJECT CLASSIFICATION:

1964 1965 19€6

11. Persormnel Compensation...... $3,378,000  $4,155,000 $4,376&,000
12. Personnel Benefits.......... 231,000 291,000 304,000

Totzl, personnel costs.... $3,609,000 $4,446,000 $4,682,000
2l1. Travel ard Transportation

of Persons.......oovvuuunn 243,000 296,000 303,000
22. Transportation of Things.... 13,000 24,000 20,000
23. Rents, Communications and

Utilities......oovvvuvnn.. 315,000 448,000 469,000
24. Printing and Reproduction... 13,000 17,000 17,000
25. Other ServiceS.............. 456,000 567,000 672,000

Services of other agencies 173,000 50,000 38,000
26. Supplies and Materials...... _ 51,000 65,000 65,000
31. Equipment.............c000... 51,000 76,000 71,000
32. Lands snd Structures........ - - -
42. Insurance Claims and

Indemnities............... - - -

Total......oviiieiienennn, 24!924!000 $5,989,000 $6,337,000

JUSTIFICATION BY OBJECT CLASSIFICATION:

Personnel Distribution

1964 1965 1966
Direct Personnel by Program
Manned Space Flight
Gemini.......oiviiiinnnnnnnnenn. 1 1 1
N o B 146 149 149
Advanced Manned Missions........ 4 4 4
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1964
Space Science and Applications
Lunar and planetary exploration..... .. 8
Communication satellites.............. 6
Launch vehicle development.ceecececessecss 3
Launch vehicle procurementeececeescsecs 4
Meteorological satelliteBecececccasaes 13
Advanced Research and Technology
Solar and chemical power.......... RN 27
Chemical propulsion...... e e e 5
Space vehicle systems......... Ceerees 3
Technology Utilization............ Ceenan 2
Sub-total, direct positions......... 222
Support Personnel
Director and Staff................ et 9
NASA-wide Bupportoao.oooo-o-noo-ooo.oooo 144
Sub-total , support positions.......... 153
Total, permanent positions........ ceee 375
Other positions:
Positions under cooperative
training agreements.......... cecsesann -
Other temporary positions....... ceeees . 1
Total, all positions.....ccoveveeniennnnnns 376
Personnel Costs
1964
Total PosSitionS......c.ieeves-- . Ceeernees 37
Permanent........coivvvnnennes . . 375
Other.....civviiieiirenensnnens . oo 1

1965
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1964 1965 1966

Personnel Conmensétion:
Annual cost of permanent positions.. $3,551,000 $4,077,000 $4,078,000

Pay above the stated annual rate.... 31,000 16,000 15,000
Lapses (deduct)......iiiiiieneannnan -498,000 -231,000 ~-1,000
Net cost of permanent positions..... 3,084,000 3,862,000 4,092,000
Other personnel compensation........ 294,000 293,000 286,000
Total comperisation.........oee.... 3,378,000 4,155,000 4,378,000
NASA funded......... e ceren 3,378,000 4,155,000 4,378,000
Reimbursable...........cvvenrnn. --- --- -
Personnel benefits,......civevinienns 231,000 291,000 304,000
NASA funded.......ivviiiiinnennnnnn, 231,000 291,000 304,000
Reimbursable....... .o iiiiernnnnns --- - -
Total personnel COSES.veevenveneennenn 3,609,000 4,446,000 4,682,000
NASA funded.............. e e ces 3,609,000 4,446,000 4,682,000
Reimbursable......... N --- - -

*

Average Number of All Employees
(Man Years).......... ettt 336 390 405

Personnel Compensation and Benefits - $4,682,000

Personnel costs in FY 1966 are estimated to be $236,000 higher than in
FY 1965, of which $223,000 is for personnel compensation and $13,000 is for
personnel benefits. The higher estimate primarily reflects full year employ-
ment in FY 1966 for personnel hired during the last half of FY 1965.

Travel and Transportation of Persons - $303,000

Employee travel requirements are estimated to increase $7,000 in FY
1966 due to a larger professional staff on-board at the end of FY 1965.
The total estimate includes $256,000 for the travel of staff personnel.
This amount is needed for program and administrative direction and co-
ordination, for attendance at NASA technical meetings and working panels;
and for costs of temporary assignments and transfers and travel to initial
duty stations. The balance of $47,000 covers expenses of local transportatiun
and toll charges and the rental of passenger motor vehicles from the General
Services Administration.

Transportation of Things - $20,000

The FY 1966 estimate is projected $4,000 below the FY 1965 requirements
primarily for movement of household goods for new employees and for local
drayage costs.
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The estinate of $20,000 consists of $14,000 for movement of household
and personal effects; $4,000 for commercial shipments by land, water, and
air; and $2,000 for local drayage and parcel post.

Rents, Commurnications and Utilities - $469,000

The estimate of $469,000 for this category is $21,000 higher than for
FY 1965. The FY 1966 request includes $190,000 for the commercial lease
of real estate and the term rental of equipment. This is the same funding
level as the projected FY 1965 requirement. These rental costs cover the
lease of 45,120 square feet of building space for $170,000 or an average
annual cost of $3.75 a square foot. The balance of the estimate, amounting
to $20,000, is needed for the rental of office and other types of equipment.

The cost of communications services is expected to increase $21,000
in FY 1966. 7The increase includes additional funding of $16,000 for the
installation of more leased teletype circuits at the West Coast Communi-
cations Center required for effective communication with major project
offices located in contractor plants. The remaining $5,000 of the increase
is required for local telephone and exchange services. The major categories
of communications services requirements are the following:

FY 1966

Leased lines.......ceoveuvennen it $103,000
Long distance tolls.....c..iiiviiennnnennannnnns 45,000
Local telephone and exchange......... Chee e 90,000
All other communications.......iveieveveensennss 30,000
Total. . ittt iieessensonosnsaananansansas $268,000

The balarce of the estimate for FY 1966 is related to the $11,000
required for utilities,

Printing and Feproduction - $17,000

Funding cf FY 1966 requirements for the printing and reproduction of
technical and administrative reports, publications and forms is expected
to remain at the FY 1965 level. Approximately 90 per cent of the estimate,
or $15,000, is for commercial printing of technical documents and related
materials. The remaining $2,000 will cover printing of administrative and
educational materials by other Government agencies.

Other Services - $672,000

The estimate for other services in FY 1966 reflects an increase of
$105,000 over FY 1965 requirements, of which $50,000 is for supplementary
technical support in evaluating advanced technological data required for
accomplishment of mission operations, $42,000 is for enlarging the capacity
of the reliable electrical connections school to meet the increasing demand
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of aerospace contractors for certified instructors to train their production
employees for compliance with more stringent quality assurance requirements.
The balance cf the increase, amounting to $13,000, will be used to finance
the operation of the technical reference library om a full year basis and
for various minor contractual services of a non-recurring nature.

The following table shows FY 1966 funding requirements by category of
service:

ADP equipment operation........cieeeeoconesoonnnss $50,000
Custodial Services......ceviieiroesnensnsancsas ces 19,000
Advanced technology support...... Cecresraneseanens 50,000
JPL administrative aircraft lease and

(0 5 1=3 o B s e 1 « TS 247,000
Technical reference library......c.ivieveereennonss 65,000
Reliable electrical connections school....... ceeen 210,000
Miscellaneous minor services..... et se e 31,000

Total.....eovveenennnnnns et e Che e $672,000

Services of Other Agencies - $38,000

Reimbursable services provided by other Government agencies are
estimated to decrease $12,000 in FY 1966 to $33,000 as a result of a
projected reduction in the requirement for contract administration
services by the NASA resident office at the Jet Propulsion Laboratory.
An additional $5,000 is required to support continuation of consulting
engineering services to the resident office by the Army Corps of
Engineers.

Supplies and Materials - $65,000

The FY 1966 requirement for supplies and materials is expected to
remain at the 7Y 1965 level. $53,000 of the amount requested is for office
use; the remaining $12,000 will be used for procurement of expendable
electrical, photographic, maintenance and operating supplies. Purchase
of non-expendable items will be necessary only for inventory replacement.

Equipment -~ $71,000

The amount of $71,000 requested is to provide for the purchase of
passenger-carrying vehicles, photographic and non-capitalized equipment, and
replacement of unserviceable office equipment and furniture, The FY 1966
requirements for these items is $5,000 less than in FY 1965,
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