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MATTONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 ESTIMATES

GENERAL STATEMENT

The National Aeronautics and Space Administration was established on
October 1, 1958, pursuant to the National Aeronautics and Space Act of
1958, approved on July 29, 1958. The Act states that the policy and pur-
pose of the United States activities in space will be: to conduct space
and aeronautical activities for peaceful purposes for the benefit of all
mankind. These activities should contribute materially to: the expansion
of human knowledge in the atmosphere and space; the improvement and use--
fulness of aeronautical and space vehicles; the development and operation
of space vehicles; the establishment of long-range studies, the preservation
of United States leadership in aeronautics and space technology and utili-
zation; the dissemination of pertinent information gained in the program
to civil and military agencies; the cooperation with other nations in
aeronautics and space activity pursuant to peaceful interests; and the
effective utilization of scientific and engineering talents and facilitles
of the nation.

A total program of $3,878,000,000 is requested to support current and
proposed programs. However, the amount of appropriations requested is
$3,760,527,000, reflecting application of $117,473,000 of the 1969 appro-
priation reserved from apportionment pursuant to the Revenue and Expenditure
Control Act of 1968 (Pub.L. 90-364, 82 Stat. 251).

The industrial community, under contracts with the NASA, will continue to
carry forward the prime design, development, and fabrication effort of the
NASA program. Specific elements of the activity will continue to be pursued
within NASA installations, other government agencies, universities, and
research contractors which have the necessary level of expertise in special
areas of engineering and science. The major elements of the program fall
within the following categories:

MANNED SPACE FLIGHT: A program for the continued development and
demonstration of a capability for manned space operations and ex-
ploration; tio maintain progress in manned space flight; and to
provide information required for future decisions concerning
follow-on space programs.

SPACE SCIENCE AND APPLICATIONS: A program of unmanned space flight
involving: (1) scientific investigations of the earth, solar system,
stars and space environment; compiling new knowledge in astronomy;
planetary and interplanetary studies and experiments on the effects

of space environment on living organisms; and (2) the adapting of space
technology s0 acquired for the direct benefit of mankind in areas such
as weather, communications, navigation, traffic control, geodesy,
meteorology, and earth resources.

SUM 1



ADVANCED RESEARCH AND TECHNOLOGY: A continuing program to provide the
technological base for significant future aerospace missions.

TRACKING AND DATA ACQUISITION: A program for providing the support

required by the worldwide NASA manned and unmanned space flight
programs.

Detailed justification of the FY 1970 budget estimate for the total
program of $3,878,000,000 is provided in the following three volumes:

Volume Amount
IT Research and Development $3,168,900,000%*
IITI Construction of Facilities 58,200,000
IV Research and Program Management 650,900,000
TOTAL $3,878,000,000%

* Includes application of $117,473,000 of FY 1969 appropriation noted
on the previous page.
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NASA INSTALLATIONS

Nuclear Rocket Development Station
Jackass Flats, Nev.

Plum Brook Station
Sandusky, Ohio

Ames Research Center
Moffett Field, Calif. Lewis Research Center

Cleveland. Ohio

Kennedy Space Center

Western Test Range, Lompoc, Calif. Electronics Research Center¥

Cambridge Mass

Goddard Space Flight Center *

Flight Research Center Greenbelt. Md

Edwards, Calif. 3 \ :

Wallops Station *

Jet Propulsion Laboratory Wallops Island. Va

Pasadena, Calif.

NASA Headquarters

White Sands Test Facility Washington. D. C

Las Cruces, N. Mex. Langley Research Center *

Hampton. Va.
¥ Manned Spacecraft Center i

Houston, Texas Kennedy Space Center *

. - C K dy. Fl
Slidell Computer Facility ape Mennedy. T4

Slidell, La. Marshall Space Flight Center

Huntsville, Ala.

Michoud Assembly Facility
New OQrleans, La.

Mississippi Test Facility
Bay St. Louis, Miss.

* Indicates Installations for which construction projects
are requested in the Fiscal Year 1970 budget estimates



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1970 ESTIMATES

SUMMARY OF APPROPRIATIONS

(In thousands of dollars)

Approprlation

Research and Development.........
Construction of Facilities.......

Research and Program Management..

TOTAL. .

P.L. 90-131 P.L. 90-550
Fiscal Year Fiscal Year Fiscal Year
1968 1969 1970
$3,925,000 $3,370, 300 $3,061,427
35,900 21,800 58,200
628,000 603,173 650,900
$4,588,900 $3,995,273 $3,760,527
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1970 ESTIMATES

SUMMARY OF APPROPRIATIONS (ADJUSTED)

(In thousands of dollars)

Research and

Research and Construction Program
Total Development of Facilities Management
FISCAL YEAR 1968
National Aeronautics and Space Administration

Appropriation Act, 1968 (81 Stat. 384)....... $4,588,900 $3,925,000 $35,900 $628,000
NASA Appropriation Transfers (81 Stat. 385).... -— ~13,450 +1,900 +11,550
Transfer to "Operating Expenses, Public

Buildings Service," General Services

Administration (81 Stat. 349).ccccccsceccccns =127 —-—- -—— -127

Appropriation (adjusted)....ceoeeeueenn ees. $4,588,773 $3,911,550 $37,800 $639,423
FISCAL YEAR 1969
Independent Offices and Department of

Housing and Urban Development Act,

1969 (82 Stat. 945)...... cecsevssssessessesess $3,995,273 $3,370,300 $21,800 $603,173
NASA Appropriation Transfers (82 Stat. 945).... - -59,268 +13,900 +45,368
Transfer to "Operating Expenses, Public

Buildings Service," General Services

Administration (82 Stat. 943)..cecececcencens -280 - - ~280

Appropriation (adjusted)..... cerasesses eee. $3,994,993 $3,311,032 $35,700 $648,261
FISCAL YEAR 1970
Appropriation request........c. tececesnsssans . §$3,760,527 $3,051,427 $58,200 $650,900
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1970 ESTIMATES

SUMMARY OF BUDGET PLAN BY APPROPRIATION BY BUDGET ACTIVITY

P e I R
uu;;a;a}

SCIENTIFIC
MANNED INVESTI- SPACE
SPACE GATIONS APPLI~ SPACE ALRCRAFT SUPPORTING
APPROPRIATION TITLE TOTAL FLIGHT N SPAGE CATIONS  IECHNOLOGY IECHNOLOGY  ACTIVIY
Fiscal Year 1968............ $4,639,750 $3,154,922 $510,902 $130,535 $379,801 $136,284 $327,306
Research and development.. 3,966,952 2,809,230 438,452 110,332 237,688 81,400 289,850
Construction of facilities 33,505 21,340 3,595 - 2,115 3,170 3,285
Research and program
management....oeeseesss . 639,293 324,352 68,855 20,203 139,998 51,714 34,171
Fiscal Year 1969........0.... $3,877,520 $2,510,175 $406,208 $124,939 $336,551 $150,200 $349,447
Research and development.. 3,193,559 2,177,500 329,983 105,039 193,665 94,900 292,472
Construction of facilities 35,700 10,414 1,925 —— 386 - 22,975
Research and program
management....... ceeasss 648,261 322,261 74,300 19,900 142,500 55,300 34,000
Fiscal Year 1970......c00... $3,878,000% $2,339,250 $489,044 $169,601 $340,238 $161,467 $378,400
Research and development.. 3,168,900*% 2,007,700% 409,549 148,601 190,350 100,700 312,000
Construction of facilities 58,200 14,250 1,595 ——= 8,088 4,767 29,500
Research and program
MANageMeNnt. .ceeeeesereos 650,900 317,300 77,900 21,000 141,800 56,000 36,900

* Includes $117,473,000 of FY 1969 funds applied to FY 1970 budget plan.



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1970 ESTIMATES

SUMMARY OF BUDGET PLAN

OFFICE OF MANNED SPACE FLIGHT PROGRAMS

(Thousands of dollars)

1968 1969 1970

Research and Development $2,809,230 $2,177,500 $2,007,700
Apolloooooooooooococo.oooo.o. 2’5569030 290259000 1’651’100
Space flight operationms,,.... 253,200 150,000 354,100
Ad"nced m18810n8..........-o indading 2’500 2’500
Construction of Facilities 21,340 10,414 14,250
Kennedy Space Center..cceocce 19,342 7,364 12,500
Manned Spacecraft Center,.... 750 1,333 1,750
Marshall Space Flight Center, 823 -~ -—-
Michoud Assembly Facility.... 425 400 -
Various locations,..cecec0e00 ——- 1,317 .-
Research and Program Management 315,098 312,028 307,450
Kennedy Space Center.,..see. 93,131 97,669 97,501
Manned Spacecraft Center,,... 95,737 97,998 97,748
Marshall Space Flight Center, 126,230 116,361 112,20}
TOTAL, MANNED SPACE FLIGHT, $3,145,668  $2,499,942 $2,329,400

SUM 8




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 ESTIMATES

SUMMARY OF BUDGET PLAN

OFFICE OF SPACE SCIENCE AND APPLICATIONS PROGRAMS

OFFICE OF UNIVERSITY AFFAIRS PROGRAM

SPACE SCIENCE AND APPLICATIONS
PROGRAMS AND PROJECTS

Research and Development

Physics and astronomy...cee..
Lunar and planetary
exploration...ccecccceoveee
Bioscience, .sisceecccscocscae
Space applicationS....eeeee..
Launch vehicle procurement...

Construction of Facilities

Goddard Space Flight Center,,
John F, Kennedy Space Center,
NASA....‘li...............u.

Wall.Ops Stiltionu e0evo0estsnoe
Various locationS..ceeeeocecs

Research and Program Management

(Thousands of dollars)

1968

$552,850
139,500

147,500
41,800
99,500

124,550

3,595

565

2,290
740

77,073

Goddard Space Flight Center.,
Wallops Station..cececevocsse

TOTAL, SPACE SCIENCE AND
APPLIC‘\'H()NS. ® 0 000000 0o

UNIVERSITY AFFATRS PROGRAM

Research and Development

Sustaining university program

68,305
8,768

$633!518

$ 10!000

1969 1970
$438.416  $558,800
125,116 119,600
81,800 146,800
32,700 32,400
98,600 135,80
100,200 124,200
1,925 1,595
--- 670
1,650 -
275 500
- 425
82,510 88,053
73,490 79,024
9,020 9,029
$522,851  $648,448
$ 9,000 $ 9,000

SUM 9



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 ESTIMATES
SUMMARY OF BUDGET PLAN
OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY PROGRAMS

OFFICE OF TRACKING AND DATA ACQUISITION PROGRAMS
OFFICE OF TECHNOLOGY UTILIZATION PROGRAM

(Thousands of dollars)

1968 1969 1970
ADVANCED RESEARCH AND TECHNOLOGY
PROGRAMS AND PROJECTS
Research and Development $315,022 $285,171 $290,400
Basic research,,...cecc00000000 21,465 21,000 21,400
Space vehicle systemS....ccce. 34,100 31,700 30,000
Electronics systemsB....oecceee 38,057 34,771 35,000
Human factor systemS...ccccess 19,828 19,700 23,600
Space power and electric
propulsion systems.....ccoe. 43,735 42,200 39,900
Nuclear rocket8...ceces000ccs00 54,000 32,000 36,500
Chemical propulsion,....cccee0e 37,037 28,900 25,100
Aeronautical vehicles.....es.. 66,800 74,900 78,900
Construction of Facilities 5,285 386 12,855
Ames Regsearch Center,.,.,,.0004 3,170 386 -—-
Electronics Research Center,,, - -—- 8,088
Langley Research Center,...... = caw 4,767
Lewis Research Center....,eeoc. 2,115 -—- ~——-
Research and Program Management 189,059 193,924 195,600
Ames Research Center....cesceee 33,781 34,036 34,050
Electronics Research Center,., 15,352 17,237 18,566
Flight Research Center.,...c.. 9,469 9,680 9,615
Langley Research Center.,..... 62,213 62,947 63,308
Lewis Research Center.....,... 66,222 67,845 68,061
Space Nuclear Propulsion .
Office,cceccecescccosecnsene 2,022 2,179 2,000
TOTAL, ADVANCED RESEARCH
AND TECHNOLOGY.....00c0... $509,366 $479,481 $498,855
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(Thousands of dollars)

1968 1969 1970
TRACKING AND DATA ACQUISITION
PROGRAMS AND PROJECTS
Research and Development
Tracking and data acquisition,... $275,850 $279,672 $298,000
Construction of Facilities 1,930 21,975 17,000
Jet Propulsion Laboratory..ccecee 1,930 -ne -——
Various Location8c.cceocsecvcccoose co-- 21’975 17!000
TOTAL, TRACKING AND DATA -
ACQUISITION, s0vsec0s000ccoccee $277!780 $301!647 _g__:us 000
TECHNOLOGY UTILIZATION - Research
and Development $ 4!000 $ 3!800 _$_ 5 !000

SUM 11
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1970 ESTIMATES

NUMBER OF PERSONNEL POSITIONS

Fiscal Year

Fiscal Year

Fiscal Year

1968 1969 1970
MANNED SPACE FLIGHT...occeveocasss 13,961 13,285 13,035
John F. Kennedy Space Center,

NASA:::vseosooccccssassonnne .o 2,917 2,921 2,881
Manned Spacecraft Center..... ces 4,604 4,383 4,303
Marshall Space Flight Center.... 6,440 5,981 5,851

SPACE SCIENCE AND APPLICATIONS.... 4,316 4,731 4,900
Goddard Space Flight Center..... 3,822 4,243 4,412
Wallops StatioN..seeccscscecnses 494 488 488

ADVANCED RESEARCH AND TECHNOLOGY.. 12,040 11,577 11,533
Ames Research Center........... . 2,083 1,974 1,956
Electronics Research Center..... 794 844 900
Flight Research Center.......... 566 539 534
Langley Research Center......... ' 4,037 3,885 3,849
Lewis Research Center.....ccces. 4,452 4,235 4,195
Space Nuclear Propulsion Office. 108 100 99

SUPPORTING OPERATIONS
NASA Headquarters.....coeeees. .o 2,154 2,152 2,132

TOTAL PERMANENT POSITIONS..... 32,471 31,745 31,600

POSITIONS OTHER THAN
PERMANENT . .cccevsnnoccnccas 2,170 2,193 2,193
TOTAL POSITIONS....ccv.. ceenss 34,641 33,938 33,793

SUM 12



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

PROPOSED APPROPRIATION LANGUAGE

RESEARCH AND DEVELUPMENT

For nccessary éxpenscs, not otherwise provided for, including
research, development, operations, services, minor construction,
[supplies, materials, equipment;] maintcnance, repair, and altera-
tion of real and personal property; and purchase, hire, maintcnance,
and operation of other than administrative aireraft necessary for
the conduct and support of acronautical and space research and devel-
opment activities of the National Aeronauties and Space Adminis-
tration, [$3,370,300,0000 $3,051,427,000, to remain available until
expended. (42 U.S.C. 2461, et seq., 60 U.S8.C. 611-615; Independ-
enl Ofices and Department of Housing and Urban Development
Appropriation Act, 1969; additional authorizing legislation to be
preposed.)

RD 1
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

RESHARCH aND DEVELOPMENT

Proaram and Finaneing (in thousands of dollars)

Budget plan (amnounts for research and

Costs and obligations

Identification code development actions programed}
a 108-0-1-251 1968 actual 1969 estimate 1970 estimate 1968 actual 1969 estimate 1970 estimate
Program by activities:
Direct program:
1. Manned space flight:
(a) Gemini._ e eiiiiie eeocciims meiiemsemne  —eeoos 4,808 ooeieas ameecccceaoo
(b) Apollo_ e 2,556,630 2,025,000 1,651,100 2,489,182 2,310,000 1,675,000
(c) Apollo applications 253,200 150,000 345,100 127,551 216,000 369,000
{d) Advanced manned mission studies .. ._____.______.__. ... _. 2,500 11,500 3,933 4,000 10,000
2. Scientific investigations in space:
(a) Physics and astronomy ..o 155,981 144,191 134,958 177,902 158,800 135,200
(b) Lunar and planetary exploration. ____...._c.._______. 156,874 97,770 166,151 169,177 113,000 152,500
(c) Bioscience. . - oo oo 42,800 34,300 34,000 43,812 37,000 34,000
(d) Launch vehicle development and support.......__..._. 82,797 53,722 74,440 99.627 60,000 70,050
3. Space applications - . oo ceecooooaee 110,332 105,039 148, 601 107,628 --107,000 . 141,800
4, Space technology _ - - oo oo mm 237,688 193,665 190,350 245,096 ~217,200 203,950
5. Aircraft technology .. ... 81,400 94,900 100,700 70,694 ~ 87,000 ~96, 400
6. Supporting activities:
(a) Tracking and data acquisition__.._.._.____ e 275.850 279,672 298,000 285,002 295,000 321,700
(b) Sustaining university program.__. ... ccecooocoooe- 10,000 9,000 9,000 40,473 26,000 23,000
(¢) Technology utilization____________._____. U 4,000 3,800 5,000 4,320 4,000 5,000
Total direct program costs, funded.__..___..______.. 3,966,952 3,193,559 3,168,900 3,869,205 3,635,000 3,237,600
Reimbursable program:
1. Manned space flight:
(a) Gemini. .. eieiicciiin mcmmmmmmss emmmeeee—as oo I 84 ..
(b) Apollo_ oo 212 615 555 261 709 555
(c) Apollo applications 371 306 o ... 12 665 ...
2. Scientific investigations in space:
(a) Physics and astronomy__._____._.__________.___.____. 8,412 5,744 494 8,132 11,292 494
3. Space applications._ ______ .. . e - 21,215 32,656 34,601 35,386 65,257 34,601
4, Space technology_ .. . ... - 31,619 25,379 28,300 34,748 26,455 28,300
5. Aircraft technology . . . ... 5,368 2,800 2,550 3,234 7.423 2,550
6. Supporting activities:
(a) Tracking and daia acquisition-__ ..o .__....__ 598 500 500 243 678 500
{c) Technology utilization ... ... ... . e it e 42 4 .
Total reimbursable program costs__._________.__.___ 67,795 68,000 67,000 82,059 112,567 67,000
Total program costs, funded . _______.________. 4,034,747 3,261,559 3,235,900 3,951,264 3,747,567 3,304,600
Change in selected resources 1 iiiiiin il i mmemcemeeoe- —69,980 —174,860 —68,700
10 Total o e 4,034,747 3,261,559 3,235,900 3,881,284 3,572,707 3,235,900
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REsEARCH AND DrveLopmenT—Continued

Program and Financing (in thousands of dollars)—Continued

R . Budget plan (amounts for research and Costs and obligations
Jdentifieation code development actions programed)

27-00-0108-0-1-251

1968 actual 1909 estimato 1970 estimate 1968 actual 1969 cstimate 1970 estimate

Financing:
Receipts and reimbursements from:
W Federalfunds_ . . . ... —63,233 —56,000 —59,200 —63,233 —56,000 —59,200
14  Non-Federal sources®. .. ____ . . ... —1,535 —12,000 —7.800 -1,535 —12,000 —17,800
Adjustment to prior year reimbursable orders__.______.________. —3,027 e e i e el
21 Unobligated balance available, start of year:
For completion of prior year budget plans__.__.__.______._.__._ —160, 362
Available to finance new budget plans________.___________.__.. —56,352
23 Unobligated balance transferred to other accounts ... ... ... 600
Reprograming from prior year budget plans_ ____.__________._..__  =55,402 _ ... il -
24 Unobligated balance available, end of year:
For completion of prior year budget plans. . ___ . ___ . L oo eeeeaa. 31,148 o e eeiaean
Available to finance new budget plans_ . _____ ... __ .. ... _.__........ 2,473 L .- 17,473 . ...
Budget authority. ... .. 3,911,550 3,311,032 3,051,427 3,911,550 3,311,032 3,051,427
Budget authority:
40 Appropriation. . . _ . 3,925,000 3,370,300 3,051,427 3,925,000 3,370,300 3,051,427
41 Transferred to other accounts_ ... ___ ... . .. .. .__._..._. —13,450 —-59,268 . ... —13,450 —59,268 _ . __......
43 Appropriation (adjusted) __.__ .. _ . . ... ... 3,911,550 3,311,032 3,051,427 3,911,550 3,311,032 3,051,427
Relation of obligations to outlays:
71 Obligations incurred, net_ . ... e ; 3,816,516 3,504,707 3,168,900
72 Obligated balance, start of year - 1,573,457 1,443,923 1,428,630
74 Obligated balance, end of year_ . e aeceaaaos —1,443,923  —1,428,630 ~1,362,530
90 O layS o e e e mam e 3,946,050 3,520,000 3,235,000
1968 1969 1970
Note.— Reconciliation of budget plan to obligations: actual estimate estimale
Total budget plan_ . oo 4,034,747 3,261,559 3,235,900
Deduct portion of budget plan to be obligated in subsequent years____.__._..__. 258,989 . ecmmeeo
Add obligations of prier year budget plans_ . . oo ceooaao 105,526 311,148 -
Total obligations_ . _ . _ . e 3,881,284 3,572,707 3,235, 900
1968
adjust-
1 Selected resources as of June 30 are as follows: 1967 ments 1968 1969 1970
SOTeS o e e 39,097 ~5,735 35,357 35,357 35,357
Unpaid undelivered orders. 1,043,395 ___.___ 969,409 794,549 725,849
AdVanees L e e e 10,112 ___.._. 12,123 12,123 12,123
Total selected resources_ - . o e 1,092,604 —5,735 1,016,889 842,029 773,329

2 Reimbursements from non-Federal sources are reccipts for services performed ¢cn Communications Satellite Corporation projects (42 U.S.C, 2473).



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 ESTIMATES

SUMMARY OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY PROGRAM BY COGNIZANT OFFICE
(In thousands of dollars)

BUDGET Fiscal Year Fiscal Year Fiscal Year
ACTIVITY OFFICE/PROGRAM 1968 1969 1970
MANNED SPACE FLIGHT ..vueueeuevan. $2,809,230 $2,177,500 $2,007,700
1b Apollo...civeeinnnnnns Cessenne 2,556,030 2,025,000 1,651,100
lc&d Space flight operations....... 253,200 150,000 354 ,100%%*
1d Advanced missions..ceceeecen.. - 2,500 2,500
SPACE SCIENCE AND
APPLICATIONS . cvvevense ceecenss 552,850 438,416 558,800
2a Physics and astronomy...... .es 139,500 125,116 119,600
2b Lunar and planetary
exploration....ceeceveceanse 147,500 81,800 146,800
2c¢ Bioscience..ccceeeeccccncscnae 41,800 32,700 32,400
3 Space applications.......ce... 99,500 98,600 135,800
* Launch vehicle procurement.,,, 124,550 100,200 124,200

UNIVERSITY AFFAIRS

6b Sustaining university program. 10,000 9,000 9,000
ADVANCED KESEARCH AND
TECHNOLOGY e e evevecvananss ceas 315,022 285,171 290,400
445 Basic research..ciccenceeccens. 21,465 21,000 21,400
4 Space vehicle systems......... 34,100 31,700 30,000
4&5 Electronics systems.......c.... 38,057 34,771 35,000
4&5 Human factor systems.......... 19,828 19,700 23,600
4 Space power and electric
propulsion systems.......... 43,735 42,200 39,900
4 Nuclear rocketS..ceeeececesnes 54,000 32,000 36,500
4 Chemical propulsion........... 37,037 28,900 25,100
5 Aeronautical vehicles......... 66,800 74,900 78,900
6a TRACKING AND DATA ACQUISITION... 275,850 279,672 298,000
6c TECHNOLOGY UTILIZATION.......... 4,000 3,800 5,000
TOTAL BUDGET PLAN... .ot esvanee $3,966,952 $3,193,559 $3,.168,900%*

*Funds for the procurement of launch vehicles are statistically distributed to
unmanned flight programs (e.g., Physics and Astronomy, Space Vehicle 5ystems).
**Includes application of $117,473 which has been reserved from apportionment
pursuant to the Revenue and Expenditure Control Act of 1968 (Pub. L. 30-364,

82 Stat. 251).
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 ESTIMATES

NEW RESEARCH AND DEVELOPMENT PROJECTS

The fiscal year 1970 budget estimates contain $56,200,000 for the
following projects.

Lunar and Planetary Exploration Program

Mariner-Mercury 1973.....0000000... $3,000,000

The objectives of the Mariner-Mercury 1973 mission are to obtain
scientific data on the planets Mercury and Venus from a Mariner spacecraft
as it flies past each planet. By utilizing a gravitational swingby maneuver
at Venus, the launch vehicle energy required to reach Mercury is reduced by
a factor exceeding 3:1. More importantly, a launch in 1973 will permit the
acquisition of data from two planets by the same spacecraft during the same
flight. Relatively little is known of Mercury, the last terrestrial planet
to be explcred. Therefore, this mission will permit the first close-up
measurements cf the planet's surface characteristics and properties of its
atmosphere. Although the experiments will emphasize Mercury, they will also
be used to collect additional data on Venus such as the acquisition of tele-
vision pictures which have not been attempted on previous Venus missions.

The Mariner spacecraft for the 1973 Venus/Mercury mission will be based
upon the design of the Mariner-Mars 1969 spacecraft. The funds requested
for FY 1970 will provide for system design and long lead time develcpments,
especially the scientific instruments.

Planetary Explorers........ece..... $8,000,000

The Planetary Explorer spacecraft is a small, relatively inexpensive,
planetary orbiter which will serve to complement the larger and more complex
Mariner spacecraft series in exploring Mars and Venus and their space environ-
ment efficiently and economically. Its magnetic cleanliness and 50 1b. payload
capability makes it an ideal carrier for instruments to measure both planetary
and interplanetary particle and field environments, as well as for planetary
upper-atmosphere experiments. A block of 5 flights will provide foir explora-
tion and near-continuous orbital monitoring of the planets Venus and Mars,
with single launches to Venus in 1972, 1973, and 1975, and to Mars iIn 1973
and 1975,
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These missions will be matched to the requirements of specific experi-
ments, and provide increased flexibility, faster response to new discoveries,
and flight opportunities for additional qualified scientists to further enhance
the scientific return of the planetary exploration program.

Funds requested for FY 1970 will be used for the detailed design of the
spacecraft. A structural test model and thermal control model for the Venus
1972 version will also be built and tested during this time.

Space Applications Program
Synchronous Meteorological Satellite (SMS)..... $3,600,000

The objectives of the Synchronous Meteorological Satellite (SMS) are to:
(1) demonstrate a prototype operational SMS; (2) permit continuous observation
of major weather systems routinely, thus enhancing the ability to predict and
locate severe short-lived storms; (3) derive important wind field data over
considerably larger areas and in much less time than heretofore possible, and
(4) provide capability for rapid dissemination of processed meteorological
data to local meteorologists.

Feasibility and project definition studies were completed in FY 1968.
FY 1970 funds are required to undertake the design and development of two
SMS satellites, planned for launch in 1971 and 1972, capable of continuous
weather observation, analysis of cloud motions through observations that will
permit derivation of important wind fields, and for obtaining other signifi-
cant meteorological data from synchronous altitude.

Earth Resources Technology Satellites (ERTS)...$14,100,000

The objectives of the Earth Resources Technology Satellites are to: (1)
assess the practical value of remote sensing of earth resources from space;
(2) compare the capabilities in earth resources data acquisition of a space
system versus aircraft; (3) determine whether, and in what configuration, an
operational space-assisted user-oriented earth resources survey system should
be pursued; (4) determine which remote sensors are most effective for earth
resources surveying; (5) develop and improve data handling procedures; and
(6) ensure full understanding of operational system requirements and costs.

It is planned to design, develop, launch and test spacecraft capable of
conducting a variety of selected experiments in the earth resources disciplines.
A definition and preliminary design study is being conducted in FY 1969.
Starting in FY 1970, effort will be initiated on procurement of two space-
craft and associated sensors for launch in 1971 and 1972. These missions

will result in a major advancement in our understanding of the overall subject
of earth resources survey from space.
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Nuclear Rockets Program

NERVA Development....eccceesssesse. $27,500,000

The objective of this joint NASA-ALC project is to provide a rocket
propulsion system for application to advanced orbital, lunar and planetary
missions. System analysis, design, and development of this nuclear engine
through pre-flight rating tests is planned. The engine will have a specific
impulse of approximately 825 seconds, a thrust of approximately 75,000 pounds
(1500 megawatts reactor power) and will include the capability for multiple
cycles of operation, long duration operation, and high reliability. A nuclear
stage using this type of engine would be capable of performing a wide variety
of high energy and high payload space missions beyond the performance poten-
tial of chemical rockets.

Initiation of full-scale development, including final engine design,
procurement, fabrication and testing of component development hardware; pro-
curement of long lead items; and test stand modifications is planned for FY
1970. Pre-flight rating test completion is planned for mid-calendar year
1977,
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES

SUMMARY

OFFICE OF MANNED SPACE FLIGHT APOLLO PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

From its inception, the Apollo program has focused on developing and demon-
strating a basic national capability to conduct manned space operations around
the earth and moon, and on the moon. The development of the Apollo spacecraft,
the Saturn launch vehicles and the associated operations base, with the con-
struction of the ground facilities required to achieve this, has brough:
together the largest and most varied scientific and engineering team ever
assembled for a peaceful program., This partnership of industry, universities,
and government has advanced the Apollo program to the point where the national
goal of manned lunar landing and return during 1969 is within reach. The
accomplishment of this goal will be a decisive demonstration of the Nation's
ability to conduct complex space operations, and will provide a sound foun-
dation for a new and increasingly productive era in space flight. The flight
hardware being produced, the specialized skills of the workforce, the nation-
wide complex of laboratory, manufacturing, test, and launch facilities, and
the technology created in Apollo, establish a versatile and powerful national
asset.

Saturn/Apollo flights began in October 1961 when a Saturn I demonstrated
the propulsion concept of clustering large liquid fueled engines. Seven
years later, in October 1968, after fifteen successful flights, the Apollo
phase of the Saturn I/IB series of launches was concluded with the completion
of the Apollo 7 mission. The Apollo 5 mission, using a Saturn IB, resulted
in the initial flight test of the Lunar Module. This unmanned test, in
January 1968, verified the ascent and descent stage propulsion systems,
including restart and throttle operations, and qualified the Lunar Module for
manned flight testing.

Apollo 7, the first manned Apollo mission, was launched from Cape Kennedy
on October 11, 1968 and added a number of "firsts" to the history of manned
space flight. It was the first American flight with a three-man crew in one
spacecraft. It was the first manned mission where the spacecraft had its own
propulsion system, a 20,500 pound thrust engine, for major maneuvers in earth
orbit. It was the first manned demonstration of the spacecraft and ground
support communications system required for deep space operations; the first
test of the television equipment planned for a manned lunar mission; and the
first use of ar advanced on-board computer capable of controlling the space-
craft's attitude and velocity.

The first Apollo Saturn V, an unmanned development test flight designated
Apollo 4, was launched on November 9, 1967. During this Apollo 4 mission,
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the Saturn V vehicle launched an Apollo Command and Service Module into a
high elliptical orbit to test the systems and to verify the heatshield's
ability to withstand the intense heat of re-entry from lunar distances. The
major test objectives were achieved, and the 6 million individual parts in
the complex Saturn V performed reliably., The second unmanned flight test of
the Saturn V occurred on April 4, 1968. During this Apollo 6 mission, the
"POGO" phenomenon (longitudinal oscillations) developed, causing unacceptably
high stresses in the space vehicle. Additionally, igniter fuel lines in the
upper stages ruptured, resulting in a premature shutdown of two engines on
the second stage, and the failure of the third stage engine to restart.
Despite these difficulties, the Saturn V placed the Apollo spacecraft into
orbit around the earth. The resolution of anomalies that occurred in

Apollo 6 by a government and industry task team under the direction of the
Marshall Space Flight Center is considered an outstanding technical achieve-
ment. The POGO and fuel line rupture problems were resolved through an
extensive program of flight data analysis, mathematical modeling using
computers, and ground testing, and the Saturn V launch vehicle was determined
to be ready for manned flight.

In the history of man, the flight of Apollo 8 will be chronicled as the
first time man ever escaped the bondage of his planet, flew to another
celestial body and orbited around it, and safely returned to earth. On
December 21, 1968, the first manned Saturn V launch vehicle sent the Apollo
crew of Astronauts Borman, Lovell and Anders into a completely successful ten
orbit mission around the moon. The lunar orbits at sixty nautical miles
provided future Apollo crews with valuable information on lunar lighting,
lunar features and landmarks, and confirmed man's ability to acquire reference
points for guidance purposes. The mission tested the operation of the track-
ing and communication systems at lunar distances, and provided valuable data
on perturbations in lunar orbit that are thought to be the consequence of
concentrations of heavy metals beneath the lunar surface. The incorporation
of these perturbations into the calculations for rendezvous and docking during
later lunar missions will be of great assistance in assuring the success of
these maneuvers. The flight was a demonstration of the capability of the
spacecraft to function and support man in the hostile environment of space
233,000 miles from the earth; of the accuracy of the guidance and navigation
systems; of its ability to maneuver and change course; and of the heatshield's
and spacecraft's structures capacity to withstand the forces and heat at the
high speed of earth re-entry from lunar distances.

On Apollo 9, the fourth Saturn V will launch an Apollo Command and Service
Module and Lunar Module into orbit around the earth to perform the rendezvous
and docking maneuvers that will be required for a landing mission. For the
first time, the Command and Service Module will dock with the Lunar Module,
and two of the three Apollo crew members will transfer to the Lunar Module.
The reliability and performance of this module will be evaluated during these
manned simulations of lunar operations. The following mission, Apollo 10,
is planned as the last major step before a manned lunar landing may be
attempted. This mission will be an operational checkout of the complete
Apollo spacecraft in orbit around the moon, including rendezvous and docking.
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The success of these two missions, Apollo 9 and 10, will provide the experience
to attempt the initial lunar landing. It should be recognized that although
this mission sequence leading to the initial lunar landing represents the
primary plan, alternate Apollo planning recognizes that a requirement for
additional missions prior to the landing attempt may become apparent as the
program proceeds., For this eventuality, the program has the capability to
repeat any mission as required to establish a sound basis for moving to the
next step in the mission sequence.

SUMMARY OF RESOURCES REQUIREMENTS @

(Thousands of Dollars)

1968 1969 1970
Spacecraft..cciceeecncccncaccnns $1,034,700 $ 902,800 $ 653,800
SAtUTN V.e.ieorecsoccoacoonconnns 853,965 534,453 496,700
Lunar explorationN.ceccsececcscocs -—- --- 11,000
OperationsS..ceiveececccccccecncs 545,765 546,400 489,600
Saturn IB...oot.ooonoooan.n-..-o 101’100 "1,347 -—-
Engine development...ceccceeevee 20,500 -——— -~
Total.eeeseerescocosoesconnasce $2,556,030 $2,025,000 $1,651,100

BASIS OF FUND REQUIREMENTS :

Spacecraft

The Apollo spacecraft consists of three modules: the Command Module, the
Service Module, and the Lunar Module. The Command Module is a double-shelled,
conical shaped spacecraft containing systems for communications; environmental
control; guidance and navigation, stabilization and control for inflight and
re-entry manuevering; thermal protection against the heat of re-entry; and
earth landing systems. Providing the living and crew station quarters, it is
the only hardware used during a mission that is recovered. The Service Module
is a cylindrical structure storing most of the spacecraft consumables such as
oxygen, hydrogen, and propulsion fuels. The Service Module contains the main
spacecraft propulsion system providing 20,500 pounds of thrust; the reaction
control system for secondary propulsion and maneuvering; the electrical power
system; and elements of the communication and environmental control systems.
The Lunar Module is a self-contained vehicle consisting of a descent stage and
an ascent stage with a two-man cabin. The module serves as a base of operations
on the surface of the moon. Each stage is equipped with its own engine - the
descent stage engine provides the decelerating force necessary for a soft
landing; the ascent stage engine launches the two astronauts up from the
surface of the moon to the orbiting Command and Service Module. Eleven
Command and Service Modules will be in various stages of production and
factory checkout during FY 1970.

During FY 1970, eleven Command and Service Modules and seven Lunar Modules
will be in various stages of production and checkout. Funds also provide for
spacecraft integration, checkout, and reliability, test operations, crew
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equipment, space suits, logistics, instrumentation, and scientific equipment.
Saturn V

The Saturn V launch vehicle, this country's most powerful rocket, possesses
nearly five times the thrust of the Saturn IB. Comprised of three propulsion
stages and an instrument unit, the Saturn V can launch payloads of nearly 145
tons into low earth orbit, or payloads of 50 tons to the moon. The project
includes fifteen flight vehicles for a planned series of unmanned qualification
flights, manned lunar landing simulations and manned lunar landing. Manu-
facturing, systems installation, test and checkout of the last seven vehicles
will be underway in FY 1970. FY 1970 funds also provide a quick response
capability for resolving any Saturn V problems encountered in the flight
missions, and for engineering support activity required for flight evaluation.
Five Saturn V launches are planned for the budget year.

Lunar Exploration

The activities and developments necessary to expand the capabilities and
usefulness of basic Apollo hardware to conduct extended exploration of the
moon are being studied intensively. Man's capabilities to conduct such an
exploration must be enhanced by extending his lunar staytime beyond the one-
day capability in present Apollo hardware, and by expanding the radius of
his exploration through the use of astronaut mobility aids and the develop-
ment of lunar traverse vehicles. FY 1970 funding will be used for the
definition of modifications to Apollo hardware, new system requirements and
experiments.

Operations

Operations consists of crew training, launch, flight and recovery, and the
program wide technical and Department of Defense support required for manned
space flights. Included in the Apollo portion of operations is funding of
the basic capability to conduct manned flight together with activities
necessary for specific Apollo missions. The associated operations project
included in Space Flight Operations funds only those efforts unique to that
program,

The two principal centers for launch, flight control and recovery activities
are the Kennedy Space Center, Florida and the Manned Spacecraft Center, Texas.
The Kennedy Space Center is responsible for checkout of both the launch
vehicles and the spacecraft; maintenance and operation of the launch facilities;
final integration and integrated checkout of the space vehicle which includes
the launch vehicle payload; the operation and coordination of supporting
facilities, ground support equipment and logistics support; and the conducting
of the launch. The Manned Spacecraft Center (MSC) in Houston is the head-
quarters for all crew, flight, and recovery operations. The astronauts are
based at this Center along with most of their essential training equipment.
Also at MSC is the Mission Control Center with its highly sophisticated
computer complex and extensive communications links to the tracking network
and other worldwide data sources.
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Technical operations provides for the systems engineering needed for the
integrated technical support, review, and analysis of the entire Apollo
program; the supporting development necessary for product improvement; for
the contractor administration, audit, and property administration services
provided by the Department of Defense on a reimbursable basis; and for the
nonrecurring maintenance and rehabilitation of government owned industrial
plants. In FY 1970 systems engineering services provide functional and
performance standards for Apollo developed hardware; technical integration
and evaluation; technical documentation; and overall trajectory analysis.
Funding for supporting development will concentrate on engineering efforts
to improve Manned Space Flight hardware. The nature of these effort:s vary
widely, extending from alternative subsystems to new subsystems to new
material fabrication and testing. Effort in FY 1970 will be devoted to
those promising areas highlighted in previous work with new tasks focusing
on applied systems development.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1970 ESTIMATES

SUMMARY

OFFICE OF MANNED SPACE FLIGHT SPACE FLIGHT OPERATIONS PROGRAM

PROGRAM OBJEC'TIVES AND JUSTIFICATION:

The Space Flight Operations program is directed toward increasing the
scientific, technical, and economic return on this nation's investment: in
technology: launch, production, and operations facilities; the scientific,
engineering and management skills and expertise; operational techniques; and
hardware equipment developed in the Gemini and Apollo programs. Contilnued
use of this national capability is an essential element as this nation
continues its industrial and technical growth and maintains its role as a
technological leader of the world. The focus for the Space Flight Operations
program is the development and operation of a manned space station that can
be launched in the mid-1970's.

Initial Space Flight Operations will be conducted in Apollo Applications,
which is built on the strong base of flight experience, ground facilities,
and trained manpower developed in the Apollo program. Apollo Applications
employs the Saturn I Workshop, the Apollo Telescope Mount, and basic space
vehicle hardware developed and procured in Apollo. This basic hardware is
being modified to meet the unique requirements of the Apollo Applications
missions and to capitalize on the Apollo developed capability by accomplish-
ing a limited but carefully selected spectrum of scientific, technological
and medical investigations. The project is a progressive step toward the
establishment of a long-term space flight operations capability in the Space
Station, and furnishes information which will be used to reach scund decisions
on the content and configuration of our future operations in the space environ-
ment.

SUMMARY OF RIESQURCES REQUIREMENTS:

(Thousands of Dollars)

1968 1969 1970
Apollo applications.w.ecciceecconccens $253,200 $150,000 $308,800
Space statlon..cceeereesoscecascoscsncns — —_— 9,000
Operations....iceeeeeeececscaccssernnns —— — 36,300

Total program plan....ceececececsenes $253,200 $150,000 $354,100

Application of funds reserved from apportionment pursuant
to the Revenue and Expenditure Control Act of 1968

(Pub. L. 90-364, 82 Stat. 251).cccciecencescnccccrccncacans -117,473
Budget authority requested......ccceeveccencrcocrcsnccansns $236,627

332-955 O - 69 - 3



BASIS OF FUND REQUIREMENTS:

Apollo Applications

Apollo Applications consists of three basic missions and relies primarily
on hardware developed and produced for the Apollo program. The mission objec-
tives include:

1. Obtaining information on how best to sustain or improve the effective-
ness of man in space in terms of biomedical considerations, living conditions,
mobility, and work station designs.

2. Effecting long duration operations. Since the quantity of data return
and other accomplishments is generally directly proportional to the duration
of the flight, the value and economy of each mission can be greatly enhanced
by increasing the amount of time that can be devoted to productive activities.

3. Conducting scientific, technical, and applications tasks with the
purpose of assessing, experimenting with, and increasing man's capabilities
for performing these tasks; as well as the acquisition of useful data and
results.

4, Providing information to support the effort in developing the long
duration Space Station of the mid-1970's.

The Saturn I Workshop mission planned for flight in 1971 requires the
launch of two Saturn IB vehicles to establish and begin operation of a large
volume workshop in earth orbit. An unmanned flight, consisting of a Saturn IB
with an Airlock Module, and a Docking Adapter, will be launched first. A
second Saturn IB launch, occurring approximately one day later, will be manned
and will rendezvous with the S-IVB stage of the first flight. The experiments
planned on this mission are chiefly devoted to determining and evaluating
task performance of men in space over extended periods of time, and include
habitability experiments, medical evaluations of the effect of long duration
space flight on the crew, engineering experiments and various technology and
scientific experiments, including earth science observations.

The Workshop revisit mission uses a single Saturn IB launch of a three-
man Command and Service Module to rendezvous and dock with the Workshop
stored in orbit at the completion of the previous mission. This mission is
the first flight test of the concept of reusing a habitable space structure
after a period of several months of untended operation in orbit. Its planned
duration of 56 days is the next step in the progressive extension of mission
length to systematically test and evaluate the ability of both man and equip-
ment to function effectively for long periods of time in space.

The third mission, planned for early 1972, uses the Workshop as a base of
operations for a manned solar observatory. A Saturn IB will launch a three-
man Apollo Command and Service Module configured for a 56-day mission. After
the Command and Service Module rendezvous and docks with the Workshop, the
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crew enters and reactivates the Workshop and prepares for the operational

phase of the mission. Later, a second Saturn IB launches the unmanned Apollo
Telescope Mount (ATM) which will rendezvous and dock with the Workshop. The
ATl incorporates high resolution solar telescopes and spcctrographs for obscrv-
ing dynamic phenomena on the surface and in the corona of the sun.

Backup hardware will be provided for both the Workshop (with Docking
Adapter and Airlock) and the Apollo Telescone Mount, including a second set
of experiments for the Workshop and Solar Astronomv missions. The backup
flight hardware will provide program assurance in the event of a malfunction
or failure in the primarv missions.

Funding in FY 1970 will cover storage and maintenance costs required for
the Saturn IB's provided bv Apollo and for continuing production effort on
vehicles # 213 and 214: detailed engincering, fabrication. and certification
testing of modified spacecraft subsvstems to qualifv them for long duration
missions: and start of assembly of flight smacecraft. FY 1970 funds will
also be used in extensive development and qualification tests of components
and subsystems of the Saturn T Workshop; the Airlock Module: Multiple Docking
Adapter; and the ATM. Fabrication of flight hardware will be initiatead
during the year.

Space Station

The Space Station system will consist of the station itself, experiments,
supporting modules and logistic systems for personnel transfer and resupply.
Based on the findings of completed advanced studies, a selection of detailed
objectives and program constraints is being made and industry is being asked
to prepare preliminary designs of station and logistic systems configurations.
After completion of these contractual efforts, a comprehensive in-house
analytical review will be conducted, to refine concepts, develop preliminary
design specifications, define support requirements, and assess preliminary
manufacturing and test requirements. Funds requested in 1970 are for con-
tinuing definition studies, preliminarv engineering and necessary supporting
work.

Operations

Operations include efforts at the Kennedv Space Center and the Manned
Spacecraft Ceonter that are directlv involved with prelaunch, launch, flight,
crew, and recovary planning activities and the technical operations noceded
for integrated technical support, review, and analysis of the Apollo Applica-
tions missions. TY 1970 funds are required for mission planning and analysis;
initiation of procurement for an ATM simulator: trainer modifications to
Apollo Application configurations: maintenance of Saturn IB launch canability
including equipment and svstems in storage, bv keeping it in a condition of
good repair o permit reactivation to support Apollo Applications launches;
modification of launch check-out equipment to accommodate Apolle Applications
unique hardware; test planning and procedures for check-out of previously
deactivated equipment and systems as well as Apollo Applications unique hard-
ware and documentation planning for reactivation of launch complexes for Apollo
Applications, ED 19






RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES

SUMMARY

OFFICE OF MANNED SPACE FLIGHT ADVANCED MISSIONS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objectives of the Advanced Missions program are to examine advanced
manned space flight program concepts, including logical extensions of the
national space capability through analysis of present hardware systems for
growth potential; to develop requirements for future systems; to provide
guidance for research and technology activities; and to provide technical
information and cost data upon which future program decisions can be tased.

SUMMARY OF RESOURCES REQUIREMENTS :
(Thousands of Dollars)
1968 1969 1970
Advanced missions studies....soco0ccee -—- $2,500 $2,500

TOtal...............-.-...-..--.....- - - §2.500 §2‘500

BASIS OF FUND REQUIREMENTS:

Advanced Missions Studies

Advanced studies provide for future manned space flight program planning.
The studies utilize the capabilities of industry to perform conceptual designs
and provide technical trade-off data to supplement in-house activities. During
FY 1969, emphasis is being placed on support of the Space Station definition
effort.

FY 1970 funding will be used as follows:

a. Rescue and Escape - Studies will be undertaken to examine and identify
methods and systems for astronaut escape and rescue on lunar orbit and lunar
surface missions. Conceptual design of manned and unmanned earth based
rescue systems will be studied for low earth and geosynchronous orbit missions.
The impact of the projected use of such systems on the design and operation of
Space Stations and lunar surface shelters and vehicles will be assessed.

b. Advanced Lunar Studies - Studies will be conducted on advanced studies
which have the potential for utilization in the latter half of the 1970's.
The studies will be concerned with spacecraft systems required to transport
personnel and cargo to the moon and systems to provide shelter and support
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for exploration activities. System synthesis studies will provide planning
data applicable to development of an early lunar station using Apollo system

derivatives.

c. Advanced Space Station Studies - Advanced Space Station studies will
include identification of advanced mission requirements and operational modes
for a semipermanent space station. New modules required for second generation
payloads and systems required for missions in synchronous orbit will be
examined. The implications of deep space missions for these modules and

systems may also be examined.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES

SUMMARY

OFFICE OF SPACE SCIENRCE AND APPLICATIONS PHYSICS AND ASTRONOMY PROGRAM

PROGRAM 0OBJECTIVES AND JUSTIFICATION:

The Physics and Astronomy program is directed to increase human knowledge
of the earth's space environment, the sun, the stars, and more distant celes-
tial bodies. Research is being conducted under this program to invesiigate
the earth's upper atmosphere and ionosphere; the magnetosphere and the
interplanetary medium; the sun, the stars, and galaxies; cosmic dust: cosmic
rays and other physical and astronomical phenomena found beyond the earth's
atmosphere.

Techniques used to gather information on these phenomena range from
theoretical and laboratory research through aircraft, balloon and sounding
rocket flights to small Explorer spacecraft, large automated orbiting
observatories, and manned spacecraft. Research groups involved in this
program are located at NASA field centers, other government laboratories,
universities, and industrial laboratories. Opportunities are also extended
to scientists in other nations to participate in the program through flight
experiments on NASA spacecraft and cooperative sounding rocket and satellite
projects.

The data generated in this program are made widely available to the
scientific and technical community in order to further advance future
scientific research, and to contribute to education and the advance of
technology.

SUMMARY OF RESOURCES REQUIREMENTS:

(Thousands of Dollars)

1968 1969 _ 1970
Supporting research and
technology/advanced studies.. $22,904 $19,900 $19,600
Data analysSiS..eceecarencncssoes 2,900 3,400 3,700
Sounding rockets......cconus00. 20,000 20,100 20,100
Solar observatories.....c.c.ceeee 11,332 12,000 14,800
Astronomical observatories..... 44,768 36,900 28,600
Geophysical cbservatories...... 20,064 13,200 6,800
Explorers.....eceeev... e cen 17,532 19,616 _26,000
Total..veeeereeanasnns eevesss $139,500 $125,116 $119,600
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BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology/
Advanced Studies

The Supporting Research and Technology project provides for the research
required to support a firm foundation for space physics and astronomy. This
project provides for advanced technological development of experiments and
spacecraft components for future flight programs, the support of theoretical
and laboratory research, and the conduct of scientific flight research using
balloons and aircraft. The program is carried out by universities, nonprofit
and industrial research centers, NASA centers and other Government agencies.

Data Analysis

The objective of this project is to exploit the data obtained from space
science experiments on NASA spacecraft. Reduced data records are forwarded
by each principal investigator to the National Space Science Data Center
(NSSDC) located at the Goddard Space Flight Center. After processing
and cataloging, the availability of the data is made known to the world
scientific community through periodic announcements by the NSSDC.

The funding in FY 1970 provides for a continuation of the data collection
effort of the NSSDC. As the holdings improve, the usefulness of the NSSDC
to the scientific community is being reflected in an increase in the requests
for data. The FY 1970 funding also provides for modest support of correlative
studies which utilize data from several separate investigations as well as
new approaches to the analysis of available data.

Sounding Rockets

Sounding rockets offer a uniquely effective means of conducting scientific
studies at altitudes between 80 and 1,000 miles. These rockets are relatively
small, inexpensive vehicles capable of carrying a wide variety of instrumen-
tation to conduct studies in planetary atmospheres, ionospheric physics,
energetic particles, astronomy, and solar physics. Sounding rocket flights
are extremely useful in developing instrumentation for later use on satellites.
The usefulness of sounding rockets for astronomical observations of the sun
and stars in the X-ray and ultraviolet regions of the spectrum have been
greatly increased by the development of accurate attitude control systems
capable of spatial pointing accuracies of one arc second.

FY 1970 funds will continue the current sounding rocket program of 100
to 125 flights per year. It is expected to utilize the recent advancements
in attitude control, together with additional improvements in the altitude
capability of the Aerobee series of rockets, to provide for greater program
emphasis in the astronomy and solar physics disciplines.
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Solar Observatories

The Orbiting Solar Observatory (0SO) is a spin-stabilized satellite
designed to continuously point at the sun and scan the celestial sphere.
Observations of solar and astronomical events are recorded and transmitted
to ground based stations for analysis and dissemination in appropriate
scientific publications by the Principal Investigators. O0SO-I and 0S0-II
were launched in 1962 and 1965, respectively, and obtained over 8,600 hours
of scientific data including the first long duration observations of the
X-ray and ultraviolet spectra of the sun. 0SO-I proved that it was practicable
to orbit a highly complex spacecraft with independent scientific instruments
which obtained useful scientific data. O0SO-III and OSO-IV were launched in
1967 and each 1s still providing 7.5 hours a day of real time scientific
data. Data from 0SO-III showed that the center of the galaxy is a source of
gamma rays of energy greater than 50 million electron volts.

In FY 1970, funds will provide for continued analysis and publication
of scientific results based on data obtained from 0SO-IV; orbital operation
and data analysis of 0SO-F; completing ground testing for launch preparations
and initial data analysis for 0SO-G; design, development, and initial manu-
facture of spacecraft and experiment instrument components on 0S0-H; and
initial development on 0SO-I, J, K.

Astronomical Observatories

The Orbiting Astronomical Observatory (0AO) project is designed to develop
and use an accurately stabilized automated space observatory system for
telescopic observations of celestial objects in the electromagnetic spectral
range from the X-ray region through the ultraviolet into the vigible region.
The early experiments in the OAO project will provide exploratory sky mapping
surveys in the ultraviolet, with later experiments providing high resolution
studies of faint objects. The first mission, launched in 1966 by an Atlas
Agena vehicle, failed to achieve its mission objectives, but did provide a
test of major subsystems and identified weaknesses in the observatory system,
Based on the knowledge gained from the first flight and a thorough review
of the project, the OAO system was revised. After two years of intensive
redesign, development and testing effort, OAO-II was launched successfully
on December 7, 1968 by an Atlas Centaur vehicle. Data from the two scientific
experiments are now being processed and analyzed.

FY 1970 funds will provide for completion of the OAO-B observatory tests
and prelaunch operations, as well as support for launch, in-orbit operations,
and processing and analysis of data from the scientific experiment. Funds
will also be used on the OAO-C mission for qualification tests of the
experiment; acceptance tests of the flight experiment; modification, inte-
gration, and test of the spacecraft; and initiation of the observatory
tests.
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Geophysical Observatories

The Orbiting Geophysical Observatory (0GO) project has as a primary
objective the accomplishment of a coordinated series of scientific studies
of the earth's environment and the effect of solar activity on that environ-
ment. Five observatories have been launched at approximately one year
intervals, starting with OGO-1I in 1964. These missions and the planned
0GO-F mission cover the period from minimum to maximum activity of the current
sunspot cycle, and provide for widely spaced measurements throughout the
earth's magnetosphere as well as the nearby interplanetary medium. O0GO-1 and
III are still transmitting data, although in a spin stabilized mode. OGO-IV
and V continue to operate in the original three-axis stabilization mode.
Operations of the 0GO-II satellite were discontinued in November 1967 after
two years in orbit. The five OGO spacecraft have carried 105 experiments
and accumulated over one million hours of experiment operation.

FY 1970 funds provide for operational support for data acquisition, and
data analysis for 0GO-1V, V, and F.

Explorers

Explorers are small special purpose satellites designed and instrumented
to provide for specialized scientific investigations and are flown in the
unique orbits required for these investigations. The Fxplorer class space-
craft and their experiments are developed by NASA installations, universities,
industry and cooperating foreign countries. They are used for investigations
of the earth's atmosphere, ionosphere, and magnetosphere; exploration of the
magnetospheric boundary region and interplanetary space; and astronomical
observations of the sun and other celestial objects.

The early Explorer satellites have been responsible for many of the
discoveries made in the earth's environment during the past decade. With
the continuous development of launch vehicle capability and instrumentation,
they have become versatile and sophisticated tools for specialized space
investigations as well as explorations. Launched by the Scout and Delta
vehicles, they provide a flexibility to conduct specific tasks without the
design and orbit compromises inherent in large observatories.

FY 1970 funds provide for launching of the magnetospheric boundary
and interplanetary space explorer IMP-G; flight qualification and launch
preparation of the Radio Astronomy Explorer RAE-B, a radiation belt study
on the Small Scientific Satellite SSS-A, and five cooperative satellites;
and continued development of other approved Explorer missions.

In FY 1970 it is planned to initiate Atmosphere FExplorer missions
(C and D) which were deferred in FY 1969. These require onboard propulsion
needed to maintain the low orbital altitudes necessary to investigate the
lower boundary and energy balance of the upper atmosphere on a global
basis. Additional Small Scientific Satellites, Small Astronomy Satellites,
and interagency and International Cooperative Satellites are also nlanned
to investigate phenomena discovered in the earth's enviromment and to
provide sky surveys in wave length regions not visible from the ground.

RD 26



SCHEDULE OF LAUNCHES

Project

Solar Observatories

Astronomical Observatories

Geophysical Observatories
Explorers

(including International
Cooperative Satellites)

Sounding Rockets

Mission

0s0
0Ss0
0so
0so
0s0
0s0

OAO
0AO

0GO

[l SRR B e B

100-125 launches per year

RurHomx

Ow

F

Scout, 2 Deltas
Scouts, 3 Deltas
Scouts, 2 Deltas
Scouts,
Scouts, 1 Delta
Scout, 1 Delta

Calendar Year

1969
1969
1971
1973
1974
1975

1969
1971

1969

1969
1970
1971
1972
1973
1974’
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES
SUMMARY

OFFICE OF SPACE SCIENCE AND APPLICATIONS LUNAR AND PLANETARY EXPL.ORATION
PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Lunar and Planetary Exploration program is the
scientific exploration of our solar system utilizing manned and automated
spacecraft supported by earth-based research. The current program places
emphasis on planning the further exploration of the moon by manned systems
and on the exploration of the planets and the interplanetary medium using
automated spacecraft. Intermediate and long range objectives encompass a
broad exploration of the solar system and interplanetary space through more
comprehensive missions to the outer planets and to the asteroids and comets.
The ultimate achievement of these objectives will provide data to better explain
the origin, history, and mechanisms of development of our solar systemn,
thereby increasing our understanding of the evolution of the earth and the
processes that control its environment.

The fundamental scientific objectives of the lunar exploration program
are to understand the moon's origin, evolutionary history, relationship to
the earth and the solar system, and processes of formation. Projects now
completed have advanced considerably our knowledge of the moon and provided
a wealth of data which aided and will continue to aid in unraveling the
mysteries of our nearest neighbor. The Ranger project, the first step in
this effort, provided the first close up picture of the moon's surface
through the thousands of lunar photographs its spacecraft transmitted to
earth. The subsequent Lunar Orbiter project provided the large scale de-
tailed photographs of the moon required for the selection and certification of
sites for the Apollo manned lunar landing missions. The Surveyor project,
by demonstrating the soft landing of a complex spacecraft, verified the
ability of Apollo to land on the lunar surface. In addition, Surveyor made
valuable contributions to our knowledge of the moon by taking hundreds of
high resolution photographs of the lunar terrain, measuring lunar surface
bearing strength and by making the first rudimentary chemical analysis of
lunar materials. The initial phase of lunar exploration came to a close with
the successful completion of the Surveyor project.

The next phase of our exploration of the moon will be conducted by men in
the Apollo program currently approaching fruition. The initial landings and
the subsequent modifications to the systems necessary for comprehensive
exploration of the moon are funded under the Manned Space Flight program.
However, a manned exploration of this scope requires a very solid foundation
of scientific research if it is to be an effective program. Funding requested
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under the Supporting Research and Technology and Data Analysis projects will
provide the science planning which will serve as the base for conducting
meaningful exploration of the moon.

The planetary and interplanetary programs have experienced a high degree
of success beginning with the Mariner II flyby of Venus and continuing with
the most recent successful launching of the Pioneer IX spacecraft into an
orbit around the Sun. The Mariner II mission in 1962, the first flyby
mission to Venus, provided new data on the magnetic and atmospheric charac-
teristics of the planet. The Mariner IV mission to Mars in 1965 provided the
first close up photography of the planet's cratered surface and showed that
its atmospheric density was very low compared to the earth. Mariner V,
launched in June 1967, made more precise measurements of Venus' ionosphere,
magnetosphere, and atmosphere. Pioneer IX, launched in November 1968, is
the latest in the current series of spacecraft designed to measure the
interplanetary medium. Earlier missions provided data enabling a better
understanding of the mechanisms related to the propagation through space of
solar disturbances, the effect of these disturbances on terrestrial
phenomena, and the relationship between solar activity and solar and cosmic
rays.

The next phase of the Planetary program includes a series of missions to
Mars, Venus, and Mercury, and the first mission to the vicinity of Jupiter.
Two Mariner flyby missions to Mars are scheduled for 1969 to be followed by
two Mariner orbiters in 1971. 1In 1973, a single Mariner spacecraft will be
used to study both Venus and Mercury. The Viking project, utilizing the
orbiter/lander team approach found so successful in exploring the moon will
be launched to Mars. This project, combining a lander and a Mariner class
orbiter, will be launched to Mars by the Titan/Centaur launch vehicle in
1973. Pioneer E is scheduled for launch in 1969 for further interplanetary
studies. Modification of the successful Pioneer spacecraft design will
permit missions beyond Mars to the vicinity of Jupiter; Pioneer F and G
launches are scheduled for the 1972 and 1973 Jovian opportunities.

SUMMARY OF RESOURCES REQUIREMENTS :

(Thousands of Dollars)

1968 1969 1970

Supporting research and technology/
advanced studieS....covceesres $19,800 $20,600 $24,600
Data analysisS.....cceeeeseeeassne 600 2,600 2,700
Piloneer..i.iceecerteecencoenacncs 6,000 5,000 18,200
Mariner-Mars 1969....c.c0000uuun 62,850 27,200 4,900
Mariner-Mars 1971....¢ccccvecece —— 18,300 45,400
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SUMMARY OF RESOURCES_REQUIREMENTS: (cont'd)

(Thousands of Dollars)

1968 1969 1970

Mariner-Mercury 1973........0.... ——— —— 3,000
Viking...... et ssesaaanaeasnennn —_— 8,100 403,000
Planetary explorers......cceveses —— ——— 3,000
Advanced planetary missions

technology......... ceerenarenan 12,000 —— ———
SUIVEYOT . et vererssssessosnssnas s 33,000 —— —_—
Lunar orbiter............ creee .o 9,500 —— ——
Mariner-Venus 1967....¢c000004s cee 3,400 —— ——
Voyager.......vcu... e eons N 350 ——= —_ =

Total.....ooeuns Ceeeerraeseanans $147,500 $81,800 $146,399

BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology/Advanced Studies

Supporting Research and Technology provides for support of flight missions
by conceiving and developing science experiments and engineering capabdilities
and by conducting studies that define the objectives and requirements of
various long range flight mission possibilities. Data obtained from ground
based activities supported by this program are combined with flight results
to yield significant advancement in our knowledge of the moon and solar
system. The advanced technical development part of this program is oriented
toward initiating technological development of future subsystems, components,
techniques and processes that may have application to long range spacecraft
concepts and providing the laboratory research required to determine the
feasibility of alternative design concepnts for future, more complex missions
to the planets. Areas of interest are new telecommunication and data auto-
mation techniques and concerts, and increased reliability and lifetime of
components. The advanced studies program identifies and evaluates long range
potential missions in terms of new information to be gained from the planets.

During FY 1970, effort in the lunar science area will largelv be devoted
to increasing our scientific knowledge of the moon, continuing laboratory
investigations and theoretical studies related to the moon and drawing on
data from ground based research and from Ranger, Surveyor, lLunar Orbiter,
Apollo 8 and subsequent Apollo missions. Research in the advanced technical
development program will concentrate in the areas of Jupiter flyby and Grand
Tour missions; provide more emphasis to the critical technologies for Venus
probes and buoyant Venus stations; and develop concepts for an advanced Mars
lander in the later 1970's.
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Data Analysis

The primary purpose of spacecraft missions to the moon or to the planets
is to conduct experimental investigations which will advance our knowledge
and understanding. Data are obtained by scientific instruments aboard the
spacecraft and are transmitted to earth for analysis by the scientists
conducting the experiments. The initial data reduction and analysis is
funded by the flight project as a part of its project responsibilities. Very
often the time required to reduce and analyze the data, and to publish the
results, is longer than the period of support provided by the project.

In 1970, the Lunar Data Analysis project will support continuing Lunar
Orbiter photographic analysis. This analysis will emphasize geographical
areas outside the Apollo landing zone, primarily for scientific interest.

The balance of the funds requested will support analysis of data obtained in
early Apollo lunar orbital and landing missions. The purpose of these
analyses will also focus on potential Lunar Exploration mission requirements.
The Planetary Data Analysis project will continue to support the reduction of
data from the Mariner IV, Mariner V, and Pioneer missions; and also from earth
upper atmosphere experiments. It will provide the results for the use of the
scientific community in advancing the knowledge of mankind in general.

Pioneer

The objectives of the Pioneer project are to provide for the continuing
investigation of the interplanetary medium and the propagation of solar and
galactic phenomena in this medium; and to provide initial exploration of the
remote regions of the solar system in order to increase knowledge of the
origin and evolution of the earth, sun, and planets, and the dynamic pro-
cesses that shape the terrestrial environment.

The current series of Pioneer spacecraft weipgh about 140 pounds each and
are launched by the Thrust-Augmented Improved Delta. The first three of these,
Pioneers VI, VII, and VIII were launched successfully in 1965, 1966, and 1967
respectively; all three continue to operate successfully. Pioneer IX was
successfully launched on November 8, 1968. All spacecraft subsystems are
performing normally, and all on-board scientific instruments are transmitting
valuable scientific information on the interplanetary medium. Pioneer IX
and Pioneer E, to be launched in 1969, are essential elements of our network
of deep space ''weather stations''. The experiments for these Pioneers are
designed to measure the solar wind flow, magnetic fields, and the electron
density in space; and to observe the energy spectra, fluxes, and direction
of solar and galactic cosmic rays. The opportunity to perform these experi-
ments on widely separated spacecraft in deep space is providing unique and
valuable scientific information about the sun and its influence on the solar
system. The combination of measurements from the four widely separated
stations enable us to detect and estimate the paths of solar storms.
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This information helps forecasters to provide advance warning of radiat:ion
dangers to spacecraft and of variations in the protective magnetic envelope
of the earth which affects the long range radio communication of the world.

In FY 1969, the development of Pioneer F and G was initiated to be
launched into trajectories permitting the exploration of the environment of
interplanetary space between one and five Astronomical Units (AU) from the
sun, including the asteroid belt and the magnetosphere of Jupiter. (One AU
is equal to the mean earth-to-sun distance, 92,000,000 miles.) With this
type of trajectory, we should be able to study the hazardous region of the
asteroid belt and measure the gradient of the sun's influence on inter-
planetary space and the penetration of galactic cosmic radiation into the solar
system. While the spacecraft is in the vicinity of Jupiter, instrumenis will
measure the properties of charged particles, magnetic fields, and radio
frequency emissions. Data from these measurements will be used to study the
composition and dynamics of the atmosphere surrounding the planet and its
interaction with the interplanetary medium. It will also be used to analyze
the thermal balance of Jupiter and the source of energy which the planat
seems to have. These missions will require modifications to the space:raft
to compensate for the lessening of solar radiation as a power source and the
more demanding communications and thermal conditions. New experiment instru-
mentation will also be required to make measurements in the asteroid belt
and near Jupiter. Also in FY 1969, NASA initiated, as part of the Pioneer
project, a cooperative project with West Germany, Helios, for measurements
of the interplanetary medium to within 0.3 AU of the sun.

FY 1970 funds will be used for design and development work on the space-
craft and the selected experiments for Pioneer F and G. Operational support
for the five active Pioneer spacecraft and for data analysis will continue.
U.S. experimerts for Helios will be selected and begun.

Mariner

The objective of the Mariner program is to conduct the early exploration
of the planets with automated spacecraft in the medium weight class, about
1000 pounds. The Mariner spacecraft represents the tool in the Planetary
program for remcte observations, from an attitude controlled spacecraft of
the other plarets in the solar system. Mariner II flew by Venus in December
1962 to provide the first direct temperature and magnetic field measurements
from near the planet. This was followed by the Mariner IV flight past Mars
on July 14, 1965. Mariner IV's primary objective was to conduct initial
close up scientific observations of Mars and its environment. The objective
was achieved and included pictures of the planet showing a cratered surface
similar to that of the moon. Although close up pictures of Mars were the
primary goal, valuable information on the planet's atmosphere and ioncsphere
was also acquired. On October 19, 1967, Mariner V flew past Venus some
2,600 miles from the planet's surface and made measurements to determine the
properties of the Venusian atmosphere and the interaction between the planet
and the interplanetary medium, improving and significantly augmenting the
data acquired five years earlier by Mariner II. According to Mariner V,
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Venus is a hot planet with a thick lower atmosphere - mostly carbon dioxide.
The heavy atmosphere is surrounded by a sphere of hydrogen analogous to that
of earth.

The next step in the scientific exploration of the planets consists of two
Mariner spacecraft to flyby Mars in early August 1969 to provide data on the
planet's physical, chemical, and thermal properties. These spacecraft will
be instrumented to transmit more data from scientific instruments during
this one opportunity than has been transmitted by all previous planetary
missions combined. The science instruments consist of two television cameras,
an infrared spectrometer, infrared radiometer, and an ultraviolet spectrometer.
In addition to these flight instruments, it is also planned to conduct a
planetary occultation experiment making use of the spacecraft's radio equip-
ment, and a celestial mechanics experiment using the tracking data.

The scientific investigation of Mars using orbiting spacecraft will begin
in 1971. The Mars 1971 spacecraft, which will use many of the proven sub-
systems of the Mariner IV and Mariner 1969 exploratory flyby missions, will
begin detailed studies of the atmosphere and environment of the planet, and
provide a close up look at large areas of the surface. This 1971 mission
will provide broad topographic and thermal coverage; seasonal variations in
the atmosphere and on the surface; and other long-term dynamic observations.
Some of the scientific instruments for the Mariner-Mars 1971 missions will
be improved versions of those carried on the Mariner-Mars 1961 flyby. How-
ever, the scientific data return will be increased significantly. This
increase in data return results from the spacecraft being in orbit about the
planet allowing multiple measurements and observations over a period of
several months. From orbit, it will observe approximately 70% of the planet's
surface including the wave of darkening, cloud movements and any other dynamic
and seasonal changes in the planet's atmosphere or on the planet's surface.

A single modified Mariner spacecraft will be used to study both Venus and
Mercury in 1973, Although the similarities between Mars, Venus, and Earth
make the study of these planets important to our knowledge of earth and its
place in the solar system, the knowledge of other planetary bodies can also
make a significant contribution. 1In 1973, using the same rocket required
to go to Venus, a spacecraft can be accelerated by Venus' gravity and orbital
velocity so that the same spacecraft can also swing by Mercury and begin the
exploration of this, the closest planet to the sun. The Mariner svnacecraft,
which will be launched by an Atlas/Centaur, will return both ultraviolet
and visual television pictures, atmosphere and ionosphere data, as well as
thermal maps from both Venus and Mercury. 1In addition, it will monitor the
space environment in the unexplored regions between Venus and Mercury.

The funds requested for FY 1970 will support post-launch operations for
Mariner-Mars 1969 through encounter, and initial analysis of scientific and
engineering data. FY 1970 funds requested for Mariner-Mars 1971 will be
used to procure flight hardware, and provide for tests of prototype subsystems,
and environmental systems tests of the prototype spacecraft. Fiscal Year
1970 funds will also be used to prepare functional specifications for
Mariner-Mercury 1973 spacecraft and to permit initial flight hardware pro-
curement activities.
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Viking

The exploration of Mars initiated in 1965 by the Mariner series of space-
craft will be continued in 1973. While these prior missions were to study
the planet from orbital or flyby distances, the 1973 mission will be the first
opportunity to obtain data from direct measurements in the Mars atmosphere
and on its surface.

The objectives established for the Viking project are to obtain, through
the use of two lander/orbiter missions to Mars in 1973, scientific data which
will significantly increase our knowledge of the Mars atmosphere and surface
with particular emphasis on providing information relevant to life on the
planet. Entry objectives include measurements of atmospheric composition
and structure. Post-landing objectives are to visually characterize the
landing sites, search for organic compounds, and investigate the abiliry of
the environment to support life. Orbiter objectives are to study the dynamic
characteristics of the planet and its atmosphere from orbit, to provide
pictures of the landing area, and to relay data from the lander on the Mars
surface to earth. This teamwork between the orbiter and lander should yield
scientific results which would not be attainable for independent lander and
orbiter missions.

The lander to be used for this mission will be a soft lander similar to
those used in the Surveyor project. Technology developed for Surveyor and
the Apollo Lunar Module will be directly applicable to the Viking lander.
This lander will be mated with a modified Mariner 1971 orbiter, which will
have the capatility to insert the lander into orbit prior to landing. This
will permit orbital entry for the lander which has the advantage of smaller
surface dispersions for the lander, lower entry velocities, and better con-
trol of entry angles.

FY 1970 furnds will provide for the completion of functional specifications,
selection of prime contractor for the lander system, initiation of detailed
system design for the lander and orbiter, and will provide for continued
development work on long lead items. During FY 1970, the specific scientific
instruments tco be flown will be selected after the results of the Mariner
1969 mission are known and development work on these instruments will begin.

Planetary Explorers

The Planetary Explorers are relatively small, low-cost, spin-stabilized
spacecraft designed for a Thor/Delta launch and to orbit the near plarnets.
The five-shot program includes launches to Venus in 1972, 1973, and 1975 and
to Mars in 1973 and 1975.

The Planetary Explorers will team with the larger Mariner spacecraft to
produce a highlv efficient program to explore the near planets, just as the
most efficient program to explore the earth and its environment proved to be
a mix of small Explorer orbiters with larger satellites such as Nimbus and 0GO.
As part of its role on the team, the magnetically clean Planetary Explorers
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will make those sensitive readings of the particle and field environments
around Venus and Mars which are difficult to make aboard the higher-powered
Mariners with their strong internal magnetic fields. The Planetary Explorers
will thus free the Mariners to concentrate on conducting those high priority
experiments which require stable and precise pointing, high power, and high
data rate. Effort during Fiscal Year 1970 will include completion of the
detailed design, fabrication, and test of a structural test model and a thermal
control model.

Schedule of Launches

Calendar

Project Mission __Year
Pioneer Pioneer E 1969
Pioneer F 1972
Pioneer G 1973
Helios A 1974
Helios B 1975
Mariner Mars 1969 (2) 1969
Mars 1971 (2) 1971
Mercury 1973 (1) 1973
Viking Mars 1973 (2) 1973
Planetary Explorers Planetary Explorer A 1972
Planetary FExplorer B 1973
Planetary Explorer C 1973
Planetary Explorer D 1975
Planetary Explorer E 1975
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES
SUMMARY

OFFICE OF SPACE SCIENCE AND APPLICATIONS BIOSCIENCE PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The Bioscjience program has three principal objectives: (1) the attainment
of a thorough understanding of the effects of the space flight environment on
terrestrial organisms; (2) the search for extraterrestrial life, with the
primary emphasis directed initially to the moon and nearest planets; and (3)
prevention of the transfer of terrestrial organisms to the planets, so that
their scilentific value for studying hypotheses on existence of extraterrestrial
life will not be destroyed.

SUMMARY OF RESOURCES REQUIREMENTS:

(Thousands of Dollars)

1968 1969 __1970

Supporting research and
technology/advanced studies.......... $10,122 $9,900 $11,400
Planetary quarantine........ceeceoevese 1,678 1,300 3,000
Biosatellite....coeeeseceaacascosnsonse 30,000 21,500 183,000
TOtal.eeeeeeoevoooocsnsosasannssass $41,800 $32,70Q $32,400

BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology/Advanced Studies

Research in environmental bioclogy deals with the response and interaction
of living earth systems with the variables of the space and planetary environ-
ments. Critical space environmental factors, e.g., altered gravity, are being
studied to determine the manner in which each of these individually or in
combination with others, influence normal function in biologic systems
removed from their normal earth habitat. Knowledge of this nature is re-
quired to establish expeditious and efficient means for using a variety of
living organisms to assist in the bilologic exploration of the unique space
environment. The ground based research carried out under Supporting Research
and Technology (SR&T) supports flight research on the Biosatellite and other
flight projects.

Behavioral biology seeks fundamental knowledge concerning the behavior of
organisms, their behavioral mechanisms of adaptation to artificial and extra-
terrestrial environments, and determining the biologic bases of such behavior,
thus providirng a broader understanding of the function of the total crganism
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and its environmental interactions. Both ground based and in-flight studies
are designed to investigate the effects of weightlessness and other condi-
tions peculiar to the space environment.

Emphasis is placed on intensive studies in four areas, which appear to
hold promise of the greatest return in terms of basic scientific information
and future applicability to space research. These include: (1) effects of
the space environment on behavior; (2) experimental analysis of behavior; (3)
neurological and biochemical bases of behavior; and (4) biological informa-
tion, control, and communication systems.

The Physical Biology program involves ground based basic research in
bioinstrumentation, comparative physiology and biophysics. In comparative
physiology, studies are being carried out on the dynamics of physiological
systems, special attention is being paid various oscillatory activities in
the thermoregulatory, cardiovascular, behavioral, and hormonal systems.
While the long-term goals of studying these phenomena have implications for
understanding of the mechanism of life processes and the workings of entire
physiological systems, a more direct goal for space biology and medicine is
in monitoring and evaluating the physical condition and well being of
astronauts during space flight missions.

The Exobiology research program has dual objectives of understanding the
controlling factors in the origin of life, and determining the uniqueness
of life on earth. The research ranges from the analysis of fossil remains
and simulation of planetary atmospheres and other environmental extremes,
to the development of automated life detection equipment intended to increase
the reliability of the data by broadening the basis for analysis of individual
samples. 1In addition to the biological interest in Mars, laboratory experi-
ments now suggest that organic synthesis may be occurring on Jupiter which
has a primitive reducing atmosphere. The development of prototype instru-
mentation for exobiologic studies on the Martian surface is needed as a
precursor to flight instrument developed for an early Mars lander. The
life detection and organic analytical techniques developed in various labora-
tories must now be converted into flight instruments which in turn must be
tested and integrated into a suitable payload so as to achieve the scientific
objectives of the exobiology program. Such work must be done in FY 1969 and
1970 in order to support Viking, a 1973 Mars lander, and later missions. The
development of this instrumentation is considered to be the most important
single item in the Bioscience Supporting Research and Technology (SR&T) project
and is extremely critical to the Viking mission. The entire increase in the
Bioscience SR&T project has been requested for this purpose.

The Bioscience Communications project was established to increase effec-
tive communication between NASA program scientists and administrators and
scientists in universities, industry, and other government agencies. Through
support of ad hoc and interdisciplinary conferences, symposia, scientific
training programs, research literature and reports, and the Space Science
Board of the National Academy of Sciences, the project works toward a more
complete exchange of information and ideas within the scientific community.
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Funding for advanced programs and technology is used to define the require-
ments for future Bioscience missions and to develop specific mission plans
based upon those requirements. In cooperation with the other life scilence
programs in OART and OMSF, experiment priorities are established and specific
payloads recommended for the proposed missions.

Planetary Quarantine

Earlier Planetary Quarantine efforts were directed toward reducing and
assaying the biologic contamination on spacecraft and toward defining de-
contamination and sterilization procedures needed to reduce that contamina-
tion to levels required to maintain the planets free of terrestrial life.
Excellent results have been achieved in limiting contamination in spacecraft
manufacture and assembly. More recently, studies have been continuing to
critically examine various factors, including microbial resistance and
survival characteristics, that suggest modification in sterilization methods
and procedures, so that planetary quarantine requirements will be achieved at
less cost along with greater ease and assurance. Of particular value have
been the results of studies of the probability of release of organisms buried
in the solids of the spacecraft and growth of terrestrial micro-organisms in
severe environments as may be encountered on Mars and Venus.

The Planetary Quarantine activity is shown as a separate line item
because of its direct relationship to the planetary flight program.
Continuing efforts are being made, before initiation of space flights
destined to land on the planets, to assure adequate technology development
in the solution of the complex problems related to the planetary quarantine
constraints. The funding increase requested is in direct support of the
Viking missicn.

Investigations in FY 1970 are directed towards further simplifying the
sterilization requirements and in direct support of planetary missions.

Biosatellite

The biological effects of the space flight environment are being studied
in the Biosatellite project. During flights of Biosatellite I and II the
engineering design and integrated operation of the spacecraft systems were
thoroughly checked out.

The Biosatellite II experiment results showed that there was an interaction
between radiation and weightlessness and other factors encountered in space
flight.

Biosatellite D, Primate Mission, is to be flown early in 1969 and will
carry a primate and subject the animal to a long-duration period of weight-
lessness (up to 30 days) and, through extensive instrumentation, will
determine the changes that occur to his central nervous system and physiology.
The primate's brain waves will be recorded and analyzed as will its cardio-
vascular system performance (through electrocardiograms), its alertness,
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memory, and coordination through the use of a behavioral task performance
panel. Also, through the use of a unique automated and miniature wet-chemistry
laboratory, measurements of calcium and other urine constituents will be made
to determine the changes in body metabolism.

Funding for FY 1970 will provide for continued development of the primate
experiment, the analyses of the Biosatellite D flight results, the acceptance
of the spacecraft, and preparations for launch of Biosatellite F.

SCHEDULE OF LAUNCHES

Calendar
Project Mission Year
Biosatellite Biosatellite D 1969
Biosatellite F 1970
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES

SUMMARY

OFFICE OF SPACE SCIENCE AND APPLICATIONS SPACE_APPLICATIONS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATIONS :

The objectives of the Space Applications program are to: (1) conduct a
broad program of research and technical development oriented toward the
application of space techniques for the benefit of mankind; (2) expand the
knowledge of atmospheric and space phenomena; (3) develop and test procedures,
instruments, subsystems, spacecraft, and interpretive techniques for the
various applications; (4) fulfill NASA's responsibilities under the Communi -
cations Satellite Act of 1962; (5) develop and implement for the Envirommental
Science Services Administration (ESSA), Department of Commerce, the opera-
tional meteorological satellite system; and (6) cooperate with the user
govermment agencies such as the Departments of Agriculture, Commerce, Interior,
and Department: of the Navy through the Earth Resources Survey Program Review
Committee to achieve the practical benefits to mankind in earth resources.

Effort in the Space Applications program is directed toward research,
development, and flight test of experiments, subsystems, and spacecraft in
the areas of applications technology, communications, earth resources,
geodesy, meteorology, and navigation and includes development of operational
systems for user agencies.

Through these efforts the knowledge and technology of space are applied
to the solution of the practical problems of mankind. Examples of these
applications are: (1) improved weather forecasting through more knowledge
and better understanding of the atmosphere and its content and energy;

(2) improvement of communication techniques through understanding and
expansion of the frequency spectrum, development of space antenna designs
and pointing accuracies, and increasing multi-access capabilities; (3)
increasing our knowledge of the size and shape of the earth through the
acquisition of global datum; and (4) better understanding and assessment of
the factors affecting the agriculture environment, water resources, and soil
and terrain conditions,

The Space Applications flight programs include Tiros, Nimbus, Synchronous
Meteorological, Applications Technology, Geodetic, and Earth Resources
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Technology Satellites. Planned launches during the FY 1970 period include
ATS-E, Nimbus D, a number of Meteorological Sounding Rockets, support to the
Tiros Operational Satellite System funded by ESSA, and support of launches
for the Intelsat III1 series for COMSAT. 1In FY 1970, effort will be initiated
on hardware procurement for two Earth Resources Technology Satellites (ERTS)
planned for launch in 1971 and 1972 and on two Synchronous Meteorological
Satellites (SMS) planned for launch in 1971 and 1973.

SUMMARY OF RESOQURCES REQUIREMENTS :

(Thousands of Dollars)

1968 1969 1970
Supporting research and technology/

Advanced studieS....cec.cceennccone $19,300 $19,600 $22,400
TIROS/TOS improvemeats...... tesessase 9,100 5,800 5,200
NimbuS.ccoceseececoscencscocenssssonce 33,700 31,800 29,200
Synchronous meteorological satellite. -—- -—- 3,600
Meteorological soundings....cccececas 3,000 3,000 3,000
Cooperative applications satellite... 100 100 100
Applications technology satellites... 25,600 24,700 44,200
Geodetic satellites.....cevcieccsccss 3,400 2,400 3,000
Earth resources SuUrvey..ccceoeeecececcee 5,300 11,200 25,100

Aircraft program......eeecesasesscss (5,300) (9,200) (11,000)

Earth resources technology

satellite..cveverercecvccncaccane (--=) _(2,000) (14,100)

TOtala....-...........'......-.c-.o §99‘500 §982600 2135!800

BASIS OF FUND REQUIREMENTS :

Supporting Research and Techmology

The objectives of the supporting research and technology are to conduct
programmatic and project oriented technological development, fundamental
studies, component and subsystem design, materials improvement research, and
advanced mission studies to determine feasibility and conceptual character-
istics. The effort includes supporting activities in the applications
disciplines (applications technology, communications, earth resources,
geodesy, meteorology, and navigation) and a number of interdisciplinary
activities. FY 1970 funds are required to maintain the current level of
supporting research and technology efforts in the separate applications
disciplinary areas and to place increased emphasis on certain technology
areas, particularly development of automatic data processing capabilities
related to earth resources survey.
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TIROS/TOS Improvements

The objectives of this project are: (1) to provide research and develop-
ment toward advanced meteorological satellite systems, particularly in
support of the TIROS Operational System (TOS) program; (2) to provide
maximum interim operational data for use in weather analysis and forecasting;
(3) to measure emitted infrared and reflected solar radiation in selected
spectral regions; and (4) to observe cloud cover and patterns, and megsure
the earth atmosphere heat balance.

Nine TIROS research and development spacecraft funded by NASA and nine
operational spacecraft funded by ESSA have been successfully launched.
Current development effort by NASA is to complete the TIROS M spacecraft for
launch in second quarter of calendar year 1969. Under TOS Improvements,
effort will be continued in the development of advanced sensors and subsystems
such as high resolution radiometers and attitude determination systems which
will be incorporated into future operational spacecraft. FY 1970 funds are
required for post launch support and data acquisition and handling for
TIROS M, for continued sensor and subsystems development for TOS Improvements
and for a systems definition study for a future spacecraft system (TIROS N).

Nimbus

The objectives of this project are to develop a significantly improved
meteorological satellite to provide data for use by the scientific community;
to carry out fligu: tests to prove the applicability of the instrumentation;
to fulfill special data requirements of the atmospheric sciences research
community which can be provided uniquely by this instrumentation functioning
as a space metecrological observatory and to provide the basis for further
significant technological advances in meteorological satellites for
operational as well as scientific uses. These objectives will be extended
in the Nimbus E and F missions to develop an applications observatory in
polar orbit at low to medium altitude that will flight test technology and
experiments for meteorology and other applications disciplines.

Seven spacecraft are in the series of which two have been successfully
launched: Nimbus I, August 28, 1964, and Nimbus II, May 15, 1966. A third
spacecraft launch, May 18, 1968, was lost due to launch vehicle failure.
Immediately thereafter, action was initiated to provide a replacement for
this launch. This mission, identical to the Nimbus B configuration, has
been designated B2 and is scheduled to be launched in CY 1969, D in 1970,

E in 1972, and F in 1973.

FY 1970 funds are required for continued data acquisition and analysis of
spacecraft in orbit; to complete, test and launch Nimbus D; and to comtinue
the development of Nimbus E and F spacecraft and selected experiments.
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Synchronous Méteorological Satellite (SMS)

The objectives of the Synchronous Meteorological Satellite (SMS) are to:
(1) demonstrate a prototype operational SMS; (2) permit continuous observa-
tion of major weather systems routinely, thus enhancing the ability to
predict and locate severe short-lived storms; (3) derive important wind
field data over considerably larger areas and in much less time than
heretofore possible; and (4) provide capability for rapid dissemination of
processed meteorological data to local meteorologists.

Feasibility and project definition studies were completed in FY 1968.
FY 1970 funds are required to undertake the design and development of two
SMS satellites capable of continuous weather observations, analysis of cloud
motions through observations that will permit derivation of important wind
fields, and for obtaining other significant meteorological data from
synchronous altitude.

Meteorological Soundings

The objectives of this project are to investigate the structure and
characteristics of the atmosphere through the use of sounding rockets and to
develop a small inexpensive meteorological sounding rocket system. Three
areas of effort are involved: (1) 1large research sounding rockets to
explore the characteristics and pnenomena of the atmosphere between 30 and
about 100 km which is otherwise inaccessible; (2) the development of an
inexpensive operational meteorological sounding rocket system capable of
reliable launches amenable to the requirements for range support, research,
and network operations; (3) sounding rocket field experiment support, which,
through cooperation with other countries, provides for the establishment of
self-sustaining capabilities for coordinated meteorological sounding rocket
launches from sites that will contribute mutually valuable data. Approxi-
mately 50 large research rockets and about 125 small development rockets are
launched each year. FY 1970 funds are required to procure additional large
research and small developmental rockets, flight test various payload
experiments, improve rocket performance and to continue field experiment
projects with other cooperating countries to obtain additional atmospheric
research data.

Cooperative Applications Satellite

This cooperative project between the United States and France in space
meteorology consists of developing instrumented balloon techniques to be
utilized in conjunction with an earth orbiting satellite for the purpose of
obtaining the characteristics of air masses, particularly in-situ measure-
ments of speed and wind direction at various altitudes. The meteorological
data obtained will be used by U, S. and French scientists to assist in
understanding the structure of the atmosphere and extended weather fore-
casting capability. One spacecraft and one backup with instruments will be
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provided by France. The spacecraft will be launched by NASA in 1970 to
gather data from approximately 500 balloons, developed and launched by France
in the Southern Hemisphere. Satellite tracking and data acquisition,
reduction and analysis will be provided by France, after initial tracking by
NASA. The U. S. will provide the Scout launch vehicle, and backup if
required, launch services, initial satellite tracking, and analysis, along
with France, of the reduced data.

FY 1970 funds are required to continue technical support, procure the
Scout launch vehicles, and provide for launch and post launch support.

Applications Technology Satellites

The overall objectives of this project are to design, develop, flight
test and evaluate a variety of scientific and technological experiments in
the space applications disciplines by use of a series of spacecraft, most of
which are launched into synchronous orbit. Seven spacecraft are in the
series of which four have been launched to date, one planned for medium
altitude and three for synchronous orbit. However, due to launch vehicle
anomalies, two planned orbits, medium altitude of ATS II and synchronous
orbit of ATS [V, were not achieved. Three additional spacecraft are heing
developed for launch: ATS-E for launch in CY 1969, F in 1972, and G in 1974.
ATS-E will flight test an experimental three-axis gravity gradient stabili-
zation system for spacecraft in geostationary orbit, test a millimeter wave
experiment, an L-band communications experiment, and will measure the
enviromment of the geostationary orbit. ATS F and G also will be launched
in synchronous orbit to flight test a space erectable parabolic antenna,
approximately 30 feet in diameter, and capable of accurate pointing to about
.1 degree of arc. A number of additional scientific and technological
experiments will also be flight tested on these missions. Effort will also
continue in FY 1970 to develop promising advanced experiments which have
been defined but have not been assigned to a specific flight mission.

FY 1970 funds are required to complete development of the ATS-E spacecraft
and associated experiments in preparation for launch in the third quarter
CY 1969, to complete the spacecraft design for ATS F&G, initiate development
of these spacecraft and selected experiments, and continue development of
advanced applications experiments.

Geodetic Satellites

The objectives of this project are to support the National Geodetic
Satellite Program (a joint NASA/DOD/DOC program under NASA management) and
to develop the application of geodetic satellite techniques to solid-earth
geophysics and oceanography.

Three geodetic satellites have been launched, PAGEOS I, June 23, 1966;
GEOS 1, November 6, 1965; and GEOS 11, January 11, 1968. Data obtained from

RD 45



these launches are utilized in the establishment of a unified worldwide
geodetic datum. Effort will be initiated in FY 1970 for an additional
mission (GEOS-C) for launch in late CY 1970, to obtain the additional data
required to meet the gravimetric objective of the National Geodetic Satellite
Program, and to demonstrate the feasibility of employing a geodetic satellite
radar altimeter to measure the mean sea level of the oceans. FY 1970 funds
are required for continued data acquisition and analysis, and for preparations
for the GEOS-C mission.

Earth Resources Survey

The objectives of this project are to: (1) assess the practical value of
remote sensing of earth resources from space; (2) compare the capabilities in
earth resources data acquisition of a space system versus aircraft; (3)
determine whether, and in what configuration, an operational space-assisted
user-oriented earth resources survey system should be pursued; (4) determine
which remote sensors are most effective for earth resources surveying;

(5) develop and improve data handling procedures; and (6) ensure full
understanding of operational system requirements and costs.

This project includes two activities in the earth resources disciplines:
(1) an aircraft flight program to develop and test remote sensing techaiques,
sensors, and data handling systems at altitudes of from 500 feet to above
50,000 feet altitude; and (2) to design, develop, launch, and evaluate two
spacecraft carrying earth resources experiments.

The objectives of the aircraft program are to promote the development,
modification, calibration, and test of remote sensors being planned for
future space missions and to contribute to the development of data handling
and analysis techniques needed before earth resources space hardware becomes
available. Three aircraft are utilized in this activity, each equipped with
a variety of sensors and data handling subsystems to obtain earth resources
data. Aircraft flights are conducted over a number of domestic and foreign
test sites.

The objectives of the Earth Resources Technology Satellite (ERTS) are to
design, develop, launch and test a series of spacecraft conducting a variety
of experiments in the earth resources disciplines.

Effort in the earth resources survey is coordinated with other user
agencies through the Earth Resources Survey Program Review Committee which
includes representatives from Departments of Agriculture, Commerce, Interior,
and Navy, and is chaired by NASA,

FY 1970 funds are required to continue aircraft operations, sensor procure-
ment, data processing, and to conduct about 50 flights over 60 test sites
and to initiate spacecraft and sensor hardware development for two ERTS
spacecraft.
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SCHEDULE OF LAUNCHES

Schedule of Significant Research and Development Events

Calendar
Project Mission _Year
TIROS Launch of TIROS M 1969
TOS and ITOS* Launch of TOS G, H, 1969-1972
and ITOS A-E {(about 2 per
yr, subject
to call-up
by FSSA)
Nimbus Launch of Nimbus B2 1969
Launch of Nimbus D 1970
Launch of Nimbus E 1972
Launch of Nimbus F 1973
Synchronous Meteorological Launch of SMS-A 1971
Satellite Launch of SMS-B 1972
Cooperative Applications Launch of CAS-A 1970
Satellite Launch of Back-up
(If Required) 1971
Applications Technology Launch of ATS-E 1969
Satellites Launch of ATS-F 1972
Launch of ATS-G 1974
Geodetic Satellites Launch of Geos C 1970
Earth Resources Technology Launch of ERTS-A 1971
Satellites Launch of ERTS-B 1972
INTELSAT** Launch of INTELSAT III 1969-1970
C-E (subject to
call -up by
COMSAT)

* ESSA funded.
*% CAMSAT funded.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES

SUMMARY

OFFICE OF SPACE SCIENCE AND APPLICATIONS LAUNCH VEHICLE PROCUREMENT PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Launch Vehicle Procurement program is to provide
launch vehicles and related services to support mission requirements and to
improve existing vehicles to support future mission needs. Operational
vehicles currently being procured are: Scout, Delta, Thor Agena, and (entaur.
In addition to these vehicles, initial funding for the Titan III C is also
included in FY 1970. 1Integration of the Centaur stage with the Titan booster
is being initiated to support the Viking mission.

SUMMARY OF RESQURCES REQUIREMENTS :

{Thousands of Dollars)

1968 1969 1970

Supporting research and technology/

advanced studieS.cceeecsceccrcccece $4,350 $4,000 $4,000
SCOUL s everorsonseessasesesasocsoannes 10,200 12,600 15,700
DELtAcseecenseneronsesansensoanacsone 33,696 24,000 33,700
AZENA+ .+ s erunnesessasssosesesnasassnne 7,999 11,900 7,300
Centaur.ceeisencasssssoscscrssconcsne 68,305 47,700 57,600
Titan III Cusenccocosscsoscccaccscsos == —=- 5,900

Total.vo.oveeneeennnoanna cteevsscens 2124!550 2100!200 §é34!200

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology/Advanced Studies

Under this project launch vehicle requirements to support future missions
are defined and new technology required for advanced missions is developed
in a timely and orderly manner. In FY 1968 and FY 1969 advanced studies
efforts have been directed toward the Centaur/Burner II integration, Saturn
S-IVB/Centaur integration, and solar-electric propulsion. In FY 1970
advanced studies are planned in the areas of chemical and electric high-
energy upper stages. FY 1969 supporting research and technology efforts are
being conducted in five disciplines of launch vehicle technology: Propulsion
and energy conversion, guidance, control and navigation, instrumentation and
electronics, structures and materials, and vehicle engineering. In FY 1970
efforts in these areas will be continued.
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Scout

Scout is the smallest launch vehicle in the NASA vehicle family. It is
capable of lifting small payloads into earth orbit and performing small probe
and reentry missions. FY 1970 funds for procurement of Scout vehicles will
be utilized to purchase vehicle hardware, production systems engineering and
management, vehicle checkout and launch services, maintenance and engineering
services and vehicle improvements.

Delta

The Delta vehicle is capable of lifting a wide variety of medium-sized
payloads into earth orbit or launching smaller payloads into deep space. It
has launched more meteorological, communications, and scientific spacecraft
than any other NASA vehicle. Its configuration consists of a Thor booster,
Delta second stage, and a third stage as necessary to support given missions.
FY 1970 funds will be utilized to procure first and second stage vehicles,
launch services, and other supporting services. In addition, funding will
be necessary for vehicle related engineering support and maintenance of
ground support equipment. Vehicle improvements will also be continued.

Agena

The Thor Agena launch vehicle is utilized for polar orbital missions
which exceed the capability of the Delta vehicle. The Atlas Agena vehicle
was phased out of NASA use during FY 1968. During FY 1970 funds will be
required to purchase Agena upper stages and Thor boosters in addition to a
variety of launch related activities.

Centaur

The Centaur is the largest vehicle system employed by NASA exclusively
for automated space missions. It consists of the Atlas booster and the
high energy Centaur upper stage. This vehicle is uniquely qualified to
launch high velocity deep space and heavy earth orbital missions. During
FY 1970 funds will be utilized for procurement of vehicle hardware for the
Orbiting Astronomical Observatory, Mariner-Mars 1971, Pioneer, Planetary
Explorer, and Mariner-Mercury 1973 missions. In addition, funds will be
necessary for launch services and other supporting activities, for continua-
tion of the Centaur improvement program, and for the Titan Centaur integra-
tion.

Titan III C

The Titan III C vehicle is capable of lifting heavy payloads into earth
orbit. It consists of two five-segment solid stages and three liquid
propellant stages. Titan IIXI C will be procured through the U. S. Air Force
which has primary management responsibility for this vehicle. During FY 1970
funds will be needed to initiate procurement of vehicles and services for
the Applications Techmology Satellite F and G missions.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES

SUMMARY

OFFICE OF UNIVERSITY AFFAIRS SUSTAINING UNIVERSITY PPROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The University program includes support from many elements of NASA.
University investigators conceive and design the majority of NASA space
science experiments, conduct extensive supporting research, advise the agency
of policy and technical issues, and, in the process, train thousands »f
engineers, scientists, and managers for the national aerospace program.
Through their participation, universities gain new knowledge and experience
necessary to their own advancement and for the development of regponsive
educational programs.

The Sustaining University program supports university training and research
essential to the NASA effort which is outside the responsibility of other
NASA organizations. These grants complement project research and field
center activities but are generally broader and longer range than project
research, Multidisciplinary research and training activities are supported
which include the consideration of social and economic implications of
scientific and technical advancement as well as those which promote closer
working relationships among universities, industry, and NASA Centers.
Graduate training, summer fellowships, and research in areas where NASA has
identified special needs, such as management of technology and engineering
systems design, are supported under the Sustaining University program.

The program is designed to bring the universities into closer partnership
with NASA. It helps increase the nation's technological resources by
sharing with the universities the responsibility of determining, directing,
and assessing research and training pursuits. This support is largely
managed by the universities, and thereby provides the distinct benefit of
contributing to greater fiscal and academic strength in each university.

The program also has the effect of providing greater geographic distribution
of research support.

SUMMARY OF RESOURCES REQUIREMENTS :

(Thousands of Dollars)

1968 1969 1970
Research.......cc.0vvune ceccessansene $6,000 $5,000 $5,000
Administration and Management...... oo 1,500 1,500 1,500
Engineering Systems Design....... coss 1,000 1,000 1,000
Special Training.......... ceesesacsna 1,500 1,500 1,500

Totale.oieoeteeencavoseoncnansaconss 210!000 $9,000 29!000
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BASIS OF FUND REQUIREMENTS :

Research

The research element of the Sustaining University program supports
activities that are broader in scope and longer range in nature than mission
oriented project research. Multidisciplinary approaches to research are
stressed and participating universities are given extensive local control and
flexibility to assess and respond to broad Agency needs. The emphasis is on
multidisciplinary studies that include the social, economic, and public
policy aspects of scientific and technical developments. This program also
complements NASA's project research and supports activities that encourage
the application of aerospace research to the understanding and solution of
contemporary human problems.

With a budget of $5 million in FY 1970, the research element of the
Sustaining University program will support multidisciplinary programs at
25 universities. A limited number of research projects will be supported at
developing institutions in cooperation with NASA Centers.

Administration and Management

The success of future complex technological efforts is becoming
increasingly dependent on the education and training of individuals with a
much broader understanding of the management process, as well as science
and technology. This portion of the program is aimed at supporting those
few universities that have a responsibility for education in the fields of
administration and management. Students and faculty associated with these
programs are encouraged to use the facilities and managerial staff of NASA
and similar organizations as a research laboratory to enable them to gain
insight into the realistic problems of public management. They are given
access to data, systems, and management experiences not usually available.

The $1.5 million in FY 1970 will be allocated to continue support for
research and training programs at 10 universities.

Engineering Systems Design

The engineering systems design element brings together the relevant
engineering specialists at the doctorate level to create a research team to
undertake a major systems design problem, such as a satellite commnunications
system. The design approach uses and promotes the most recent advances in
both the engineering and physical sciences and incorporates advanced
information and systems theories as part of graduate training programs.

In FY 1970 a budget of $1 million will allow NASA to continue the support

of graduate students and supporting research in engineering systems design
at five institutions.
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Special Training

As aerospace manpower deficiencies are identified, the Sustaining
University program responds with special training activities to meet the
new conditions and demands. A Summer Faculty Fellowship Program is designed
to help young faculty members become familiar with the newest aerospace
developments in engineering and science. A faculty fellowship prograsm in
systems engineering design brings young faculty members from different
engineering and scientific disciplines together to work on space related
problems requiring a team approach. Other activities of a specialized
nature inclucde summer institutes for upper division undergraduates tc
acquaint them with some of the substantive problems of space science and
engineering; and post-M.D. training in aerospace medicine for a few
selected medical doctors.

In FY 1970, $1.5 million is requested for continuation of these
specialized training activities.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES

SUMMARY

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY BASIC RESEARCH PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The Basic Research program supports fundamental research in the phwsical
and mathematical sciences, It is aimed at providing an understanding of the
physical phenomena pertinent to other NASA programs concerned with current
and future aircraft and space activities. This basic research is carried out
principally in NASA's Research and Space Flight Centers supplemented by
investigations at universities, industrial research laboratories, and other
Government research centers. Fundamental understanding of physical phenomena
in many fields of science is required to develop the technology for NASA's
programs. Basic research in NASA, therefore, must encompass a wide spectrum
of disciplines. It ranges from very fundamental studies into the nature and
properties of atoms and molecules to the more applied research areas such as
determining the best materials for the supersonic transport airplane.

SUMMARY OF RESOURCES REQUIREMENTS :

(Thousands of Dollars)
1968 1969 1970
Supporting research and
technologY.ieseeeseocscssconscsnnsanne $21.465 $21,000 $21.400

Totaliceereseneerooncassconnnsonass $21,465 $21,000 §21.40Q

BASIS OF FUND REQUIREMENTS:

The Basic Research program is divided into four broad disciplines: Fluid
Physics, Electrophysics, Materials, and Applied Mathematics.

The Fluid Physics subprogram promotes basic research on aerodynamic and
gas dynamic problems relevant to NASA objectives in both aeronautics and
space. During the past year the program has been reoriented to emphasize
aeronautics problems. In aeronautics, for example, preliminary results show
promise for understanding and reducing sonic boom and noise. A program of
research on air pollution from aeronautics sources is beginning. Entry
research continues with studies primarily concerned with experimental simu-
lation and verification of theories regarding high speed entry.

The objective of the electrophysics subprogram is to obtain a better

understanding of fundamental electron-atom-molecule behavior in an environ-
ment of acoustic, nuclear, electric, and magnetic forces. The research
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results are directly relevant to advancing communications technology, plasma
propulsion technology, and the technology associated with several advanced
space power supply systems.

The materials subprogram covers a broad spectrum of activities ranging
from explorations of the behavior of materials in unusual environments to
very fundamental studies to define the relationship between atomic and
electronic structure of solids and their physical and mechanical character-
istics. Increased emphasis is being placed on those programs which are
especially applicable to aeronautics. These include studies of ceramics and
polymers for advanced composites for aircraft structures and propulsion
systems. Long range studies to determine feasibility of processing materials
in space are a recent addition to the program.

The applied mathematics subprogram is aimed at producing the new and im-
proved mathematical techniques required to solve aeronautics and space
problems. The areas of interest include the mathematics to optimize the
control of spacecraft and the mathematics required for rendezvous and for
precise re-entry.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1970 ESTIMATES

SUMMARY
OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEMS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The Space Vehicle Systems program is an applied research and technclogy
program dealing with entry vehicle and launch vehicle aerothermodynamics, with
launch vehicle and spacecraft structures, with spacecraft environmental pro-
tection and control, and with space vehicle design criteria. The objectives
of the program are to conduct research in laboratory facilities and by selected
flight experiments to: Provide baseline technological information required for
decisions relative to new space vehicle mission undertakings; provide the advanced
technology for the conception and design of future manned and unmanned spacecraft
and for launch vehicles; and encourage and support technological innovations in
the approach to space vehicle design to permit new and useful accomplishments.

Although the principal focus for the advanced research and technology efforts
is NASA vehicles and missions, the program also recognizes and contributes to
related DOD technology needs.

A new activity has been initiated, providing a data bank for the cocllection
and disseminat:ion of information on aerospace safety and providing for research
programs in selected areas of aerospace safety.

SUMMARY OF RESOURCES REQUIREMENTS:

(Thousands of Dollars)
1968 1969 1970

Research and Technology:
Space vehilcle aerothermodynamics........ $11,815 $9,605 $8, 545

Space vehlcle structures.....eeseeeecescs 9,779 9,771 8,980
Space environmental protection
and control....ceveveveesceccnne ceesees 10,754 10,550 9,105
Space vehilcle design criteria........... 1,752 1,774 1,570
Aerospace safety research.........co0cnevee tadl === 1,800
Total......cooneceenccass cessssssseene $34,100 $31,700 $30,000

BASIS OF FUND REQUIREMENTS:

Research and Technology

A primary objective of this ongoing research during FY 1970 is development
of technology for manned orbital logistics vehicles with the goals of improved
economy through land recovery and reuse and improved operational flexibility
through greater maneuverability during reentry.
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Research will continue also on a number of techniques for terminal descent
and landing of semiballistic types of spacecraft like Apollo. Of these, the
gliding parawing offers promise for early application, and an ongoing large-
scale flight program will continue during FY 1970.

Another major objective is to develop technology for planetary atmospheric
probes and hard landers. Also, Parachute/decelerator flight experiments will
investigate deployment, performance and reliability of planetary decelerator
systems under conditions representative of deployment in the atmosphere of
Mars.

Scout-launched reentry technology experiments, which deal with aerothermo-
dynamic aspects of atmosphere entry flight, will continue. A planetary
atmosphere experiment will investigate a technique to use special measurements
of vehicle motions and heating to determine the properties and composition of
an unknown planetary atmosphere. A heat transfer and boundary layer transition
experiment will measure heat transfer, map the transition region, and measure
the acoustic environment.

The cooperative NASA and USAF Lifting-Body Flight Research program will
continue to investigate piloting problems and flying and handling qualities
of configurations representing advanced concepts of manned reentry vehicles.
During FY 1970, the HL-10 tests will move into the supersonic phase. The
X-24A will begin flight tests, and the M-2 will be modified and used as a
research tool for investigating advanced lateral control techniques.

Major objectives of the space vehicle structure subprogram relate to estab-
lishing new and improved concepts and developing advanced analysis and test
techniques to permit future vehicles to achieve appropriate balance between
performance, efficiency and cost.

Emphasis will be given to structural concepts for manned lunar exploration
involving expandable shelters and airlocks for near-term applications., Critical
problems associated with orbital space station structures will be studied also.

Emphasis will be given to improving the effectiveness of structural test
programs of launch vehicles to reduce costs without increasing the risk of
failure.

Unique structures are being studied to develop feasible concepts for orbiting
radio telescopes 1,000 meters in diameter to operate at frequencies lower than
10 megahertz (MHz).

The importance of meteoroid protection increases as space vehicles become
larger and mission durations become longer. A flight experiment to investigate
the effectiveness of meteoroid bumpers will be undertaken to provide corre-
lation with laboratory investigations. Flight experiments to obtain additional
data on both the near~earth and interplanetary meteoroid environments may be
included on missions conducted for other purposes.
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As more complex space missions are undertakem, the need for active thermal
control systems increases also. Emphasis will be placed on development of
techniques for more advanced and reliable temperature control of spacacraft.

Two "piggyback" experiments will be carried on the NASA Orbiting Frog
Otolith Experiment; one is to verify a new radiation dosimetry technijue, the
other is to qualify in flight a thin~film meteoroid velocity sensor.

The space vehicle design criteria subprogram develops, documents, and
publishes criteria, including models of the environments, that are applicable
to the design of space vehicle structures, propulsion systems, and guidance
and control systems. The FY 1970 funds will be used to contract for the
services of technical experts outside of the Federal Government who have
knowledge and experience in fields of current interest.

Aerospace Safety Research

The objective of this new activity is to insure that NASA maintains and
pursues an adequate research program to provide information needed for safety.
An Aerospace Safety Research and Data Institute has been established at the
Lewis Research Center which functions as a central point within NASA for the
gathering of technical data and coordination and stimulation of an active
research program for increased safety of aerospace activities. Preliminary
activities relating to the establishment of the Technical Data Bank and the
survey and analysis of ongoing safety-related research and development
activities are underway.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1970 ESTIMATES

SUMMARY
OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY ELECTRONICS SYSTEMS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Electronics Systems program is to identify and support
endeavors fundamental to new and continued progress in electronic technology.
Component arid system progress in terms of performance, reliability, and cost
provide the means for timely and efficient attainment of future naticnal goals
in aeronautics and space. Research activities are performed both in-house and
under contract. In building a base of technology in electronics, NASA has
struck a balance between system oriented efforts and efforts to develop new
technology applicable to aeronautics and space operations. In addition to the
accumulation of fundamental knowledge which can be drawn from over the years,
this program includes critically needed techniques and components, particularly
those which will be pacing items in future aeronautical and space developments;
exploration of more than one possible path to a desired goal; and configuration
of selected techniques and components into systems in order to demonstrate their
technical feasibility, and collect data on their operational potentiel and cost
effective application.

SUMMARY OF RESOURCES REQUIREMENTS :

{Thousands of Dollars)

1968 1969 1970
Supporting research and
technolo;;y.-........--....-.............. $37’557 $34,271 $35,00()
Flight Pr(ijeCtS.......................-.o. 500 500 - .-
Totaloicuwol»oo.oooooooooo-o.oocuo-oo-ooa. i38,057 §34,771 $35,000

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

The requested FY 1970 funds are needed to support basic and applied research
and advanced technical development efforts in the disciplines related to elec-
tronics and control. Avionic components are an integral part of all automatic
and semiautomatic systems used in aircraft and manned and unmanned space vehicles.
Key systems and components such as communications, flight control, navigation and
guidance, computation and data processing, a myriad of sensors, reference and
control systems, approach and landing, surveillance and identification, and
hazard avoidance depend on electronic equipment. Specific objectives of the
guidance program are advanced precision inertial and electromagnetic sensors
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and simplified techniques for navigation and guidance applicable to supersonic
aircraft and future space vehicles. Increased emphasis on V/STOL aircraft
guidance, control and display systems will help realize the promise which

V/STOL vehicles have in relieving overloaded transportation systems in major
population centers. Advanced research in avionics offers substantial support

to various aspects of air traffic control such as communications, navigation,
surveillance, and hazard avoidance. Research in communication at higher
frequencies (centimeter to millimeter wave lengths) is expected to result in
higher information transfer rates, smaller and lighter weight antennas, simpler
power generation equipment. Continued advancements in the technology of com-
puting and data processing are required to keep pace with the growing complexity,
variety and volume of data attendant to the experimental development and operation
of advanced aeronautical and space vehicles; the end objective is to facilitate
the acquisition and extraction of useful information for human users. Instru-
mentation research will be continued to advance measurement capabilities in the
far ultraviolet and soft X-ray regions. Development of instrumentation systems
will be carried on using laser technology for accurate measurement of gas
parameters and flow field characteristics of test models at hypersonic speeds.
Research in solid state technology with emphasis on integrated circuits in which
many components are combined into one functional assembly of minute weight and
size for aerospace application will be continued; integral to the program is the
search for materials and techniques to provide longer useful lifetimes of com-
ponents and a consequent reduction in cost of both system and component testing.

RD 62



RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES
SUMMARY

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY HUMAN FACTOR SYSTEMS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Human Factor Systems program is to provide the essen-
tial research data and the technology necessary to ensure the safe and proper
participation of man in advanced aeronautical and space missions and to further
the development of the systems necessary to sustain him. The program elements
include: (1) Human Research and Performance, (2) Life Support and Protective
Systems, (3) Man-Systems Integration, and (4) Advanced Concepts. The program
efforts are concentrated on the measurement of stress in man and animals under
the unique environmental factors of aeronautical and space missions, particularly
the relationships of stress to the operators' safety, performance, and proper
utilization. These measurements are made in controlled simulation studies and
validated by essential flight experiments. The life support technology effort
is concentrating on providing advanced technology for efficient, reliable, and
maintainable long duration subsystems. These are assembled into complete
environmental control systems and tested in long duration manned space cabin
simulator tests.

The work is accomplished through a multidisciplinary approach which includes
research in physiology, psychology, medicine, biology, engineering, physics,
chemistry, and electronics at NASA Centers, Department of Defense aerospace
medical laboratories, other Government facilities, universities, and industry.

SUMMARY OF RESOURCES REQUIREMENTS:

(Thousands of Dollars)

1968 1969 1970
Supporting research and
technologyeeeoseosasoasecsance $18,228 $17,910 $21,600
Biotechnolagy flight
ProjectSceeccccrccecccccococs 1,600 1,790 2,000
Total....................... ‘_§_19.828 $194100 §23,600

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

This is an integrated program effort directed toward fulfillment cf the
Human Factor Systems program objectives, In FY 1970, emphasis will be given
to investigations to define and understand such phenomena as changes in man's
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cardiovascular function due to prolonged exposure to zero gravity and other
space flight stressors, behavioral changes in small groups of men isolated and
confined for extended periods, the unique design features necessary to ensure
the highest reliability of life support and protective systems, and the
psychological and physiological effects of aircraft noise, These and other
problem areas require research in cardiovascular, respiratory, and vestibular
physiology; in bioinstrumentation, to measure the effects of stresses on man
and animals; in radiobiology, stress endocrinology, and microbiology; in water
and waste management; in oxygen regeneration and air pollution control; in
space suits; in extravehicular activities; in man-machine interactions, and

in many more areas, The work is directed toward defining and solving known
and anticipated problems in future aeronautical and space operations,

Biotechnology Flight Projects

The small flight experiments are designed to provide information necessary
to qualify man and his support equipment for extended space flight. In FY 1970,
work will continue on experiments which will examine the total physiological
effects of prolonged weightlessness (90 days or more) on a small primate;
ascertain the need of induced or artificial gravitational force in space
vehicles; and test life support and protective equipment designed to function
in zero gravity. The study to determine the characteristics of an earth
orbiting biotechnology laboratory will be continued and expanded. Further
work will be done on preparing experiments on vision in the lunar environment;
these will include investigations in color perception, contrast, and distance
judgments under conditions of no atmospheric scattering of light. A Scout
launch is scheduled for a vestibular experiment to study the action in weight-
lessness of the basic cells in the frog's balance mechanisms which is similar
to that in man's inner ear.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES
SUMMARY

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE POWER AND ELECTRIC
PROPULSION SYSTEMS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The primary objectives of the Space Power and Electric Propulsion program
are to: (1) establish or advance the state-of-the-art of a limited number
of systems and components having the greatest potential of satisfying esti-
mated future mission requirements to the point where there is a high degree
of confidence in their ultimate successful development, and (2) effect a
timely and orderly introduction of the new or advanced technology emanating
from the program.

Current estimates of potential future mission power system requirements
encompass a wide range of power, life and mission environments. No one
power system can meet these varied requirements. The space power program is
aimed at providing the research and technology necessary for the improvement
and/or development of a limited number of solar, chemical and nuclear
systems for anticipated auxiliary power and electric propulsion mission
requirements ranging from watts to kilowatts in the 1970's to megawatts in
the 1980's.

The early application of solar powered electric thrusters for spacecraft
position control and for small, automated, interplanetary spacecraft continues
to be a major goal of the electric propulsion program. The experience to
date from the ATS (Applications Technology Satellite) flight program, coupled
with the design and ground evaluation of typical thruster systems, confirms
their potential advantages of spacecraft operational flexibility and sim-
plicity, increased payload or decreased trip time, or reduced spacecraft
weight. The proposed SERT IT1 (Space Electric Rocket Test) flight, the
continuing ATS program, and the ground technology program are essential
steps toward the goal of early application.

SUMMARY OF RESOURCES REQUIREMENTS :

(Thousands of Dollars)
1968 1969 1970

Supporting research and
technOlogy.seeooesssacascescaanasannanes $42 ,385 $40,700  $39,400
" SNAP-8 technology..cceeceaccrccescannsanas (7,500)* (5,000)* (5,000)*
Space electric rocket test (SERT)vecccosee 1,350 1,500 500

e o $43,735 $42,200  $39,900
*Included in the Supporting Research and Technology.

RD 65

332-855 O - 69 - 6



BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

The nuclear power system technology program is focused on a limited number
of energy conversion concepts to meet a broad range of potential space power
requirements that may grow from watts to kilowatts in the 1970's, to mega-
watts in the 1980's and beyond. This broad power range is being met by
technical emphasis on both static and dynamic conversion systems including
thermoelectric, Brayton, SNAP-8, advanced Rankine, and thermionic conversion
systems. The technology underlying these systems is difficult and long range
requiring sustained effort to establish engineering data on new materials,
components, subsystems and systems under conditions of temperatures, life
and reliability never before achieved in power systems.

Emphasis in the FY 1970 solar power generation program will be placed on
obtaining improved understanding of the structural dynamic characteristics of
large area solar cell arrays. In addition, technological advances in the
electromechanical drive systems needed to turn the large solar cell arrays to
track the sun will be pushed. Methods for compact stowage during launch, and
reliable, automatic deployment once in space, will be pursued for these high
power solar cell arrays. Major advances in the resistance of solar cells to
degradation in the space environment will be sought in FY 1970.

An urgent need exists in FY 1970 to advance the technology required for
distribution, regulation, and control of space vehicle electrical power. The
electrical components and circuits needed to perform these critical functions
continue to be inadequate. Deficiencies in these power processing equipments
have been the cause of spacecraft failures in recent years. Efforts to
advance this technology must be increased in FY 1970 if reliable, long life
power systems are to be possible in the future.

A major goal of the chemical power program in FY 1970 continues to be the
development of nondestructive test methods that would permit a determination
of rechargeable battery life expectancy from tests performed for less than 1%
of battery life. The development of such a test program would contribute
substantially to increased battery life and reliability. A second major goal
in FY 1970 is the work to achieve impact resistant, heat sterilizeable
batteries for use on planetary landing capsules. Emphasis will turn toward
larger batteries for higher power and toward remote activation to avoid
deterioration during the extended travel time required to reach the planets.

The electric thruster technology program continues to make progress toward
the goal of early mission application. During FY 1969, such systems have seen
their first NASA operational flight in the Applications Technology Satellite
(ATS) program where accurate production of very low thrust for accomplishing
east-west station keeping was the principal advantage sought and realized.
During FY 1970 the electric propulsion program will focus on the high, specific
impulse ion thruster system with electric thrust vectoring capability which
shows to advantage in long duration missions for both auxiliary and prime
propulsion applications. Work on the high temperature resistojet and the use
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of biowastes as propellants from the life support system for manned space
stations will also continue.

The flight safety program provides coordination and direction for the NASA
portion of the joint AEC/DoD/NASA reviews and analyses of proposed missions
utilizing nuclear space power systems, provides guidelines for future mission
applications, develops specific design information in areas where NASA has
special competence, and the recovery of NASA launched spacecraft carrying
nuclear materials, when feasible.

Space Electric Rocket Test (SERT)

The SERT flight program's overall objective is to provide information on
the operation of electric thruster systems in the space environment. The
SERT II orbital flight has as its primary objective the verification of long
term electron bombardment ion engine performance in space. The spacecraft
will also carry experiments aimed at assessing possible electric propulsion
spacecraft interactions. SERT II is considered to be the next major step in
the development of electric propulsion for prime propulsion of interplanetary
spacecraft. The launch is scheduled for CY 1969 using the Thorad Agena
launch vehicle from the Western Test Range. The FY 1970 funds are required
for launch support and data reduction.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES

SUMMARY

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY NUCLEAR ROCKETS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Nuclear Rockets program is to provide rocket
propulsion systems for application to advanced orbital, lunar and planztary
missions. 1In carrying out this objective, the AEC-NASA Space Nuclear
Propulsion Office is conducting a detailed program of system analysis,
design, development and testing to provide a 75,000 pound thrust NERVA
engine capable of performing advanced space missions. Engine development
is proceeding using the base of technology established through the Phoebus
and NERVA technology programs.

The Nuclear Rockets program activities to be conducted in FY 1970 include,
for NERVA development, the establishment of the final engine design; the
procurement, fabrication and testing of component development hardware; and
the initiation of procurement of nozzle forgings and other long leadtime
hardware for the first development reactor and engine. In addition, the
design of Engine Test Stand No. 1 (ETS-1) modifications will be established
and a contract will be initiated for the fabrication of the new exhaust
duct for NERVA engine testing.

SUMMARY OF RESOURCES REQUIREMENTS :

(Thousands of Dollars)

1968 1969 1970
Supporting research and technology... $12,500 $6,000 $8,000
NERVA...cociseeccnncnans tresevnnacses 37,500 22,200 27,500
NRDS operatioms ..... rrseaenee cescnes 4,000 3,800 __1,000
Total........ Cereccesereneran cescas $54,000 $32,000 §36.500

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

The supporting research and technology effort (SR&T) covers a very broad
spectrum of programs, most of which are of relatively small dollar value.
The general alms are: (1) to provide support to the NERVA engine design and
development program; (2) to extend the technology for solid-core, nuclear
rocket systems beyond current performance levels; (3) to establish the
technology base required for nuclear stage development; and (4) to investigate
the feasibility of advanced propulsion concepts.
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NERVA

The prime output of the Nuclear Rockets program will be a nuclear engine,
developed through Pre-Flight Rating Tests (PFRT), having a specific impulse
of approximately 825 seconds, and a thrust of about 75,000 pounds
(approximately 1500 megawatts of reactor power). This engine will provide
a major advance in propulsion capability. A nuclear stage would be capable
of performing a wide variety of advanced space missions, beyond the
performance potential of chemical rocketry. It can greatly extend the
usefulness of the Saturn V launch vehicle, can be used effectively in Space
Propulsion of rendezvoused payloads and as an upper stage for low cost
boosters.,

NRDS Operations

The Nuclear Rocket Development Station is the national site for the
ground, static-testing of nuclear rocket reactors and engines. Eventually,
it will be used to test the propulsion modules or rocket stages associated
with flight development. The funding in this area provides for NASA's
share of the general site operations, the major portion of which is
supported by the AEC.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES

SUMMARY

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY CHEMICAL PROPULSION PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The Chemical Propulsion program has the objective of providing required
technology to permit the straightforward development of advanced chemical
rocket systems necessary for the nation's future space mission. Elements
of this program are: (1) identification of future mission propulsion
requirements; (2) research into fundamental propulsion concepts to me=t
these requirements; (3) study of principal design parameters; (4) inves-
tigation of sound technical solutions to key design problems; (5) develop-
ment of experimental design, fabrication, and test techniques; (6) demon-
stration of experimental engines and motors and, (7) evaluation of concepts
and verification of technical capability to meet the mission requirements.

The development of advanced propulsion systems to meet future space
program needs for launch vehicles and spacecraft requires a carefully
planned technology base which should precede the actual system develop-
ment phase by many years.

Applied research and experimental work is directed toward two primary
types of propulsion: systems using liquid propellants and motors which
use solid propellants. Hybrid chemical propellant systems which use
both 1liquid and solid propellants are also included. Thrust levels range
from millipounds to several million pounds and applications range from
small attitude stabilization thrusters for spacecraft to very large
motors for first stages of future launch vehicles. This program is
directed to find solutions to these requirements which are reliable,
economical, and expeditious.

Propulsion processes, performance improvement, combustion problems,
engine design, engine materials, and fabrication techniques are major
categories of active research. In addition, propellant physical pro-
perties, and chemical reaction phenomena, as they relate to advanced
propulsion systems, are explored and reported. The basic technological
investigations are supported by complementary system demonstration pro-
grams, which have the purpose of establishing the validity of the
advanced propulsion systems concepts generated by the program.
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SUMMARY OF RESOURCES REQUIREMENTS:

(Thousands of Dollars)

1968 1969 1970
Supporting research and technology...... $33,537 $28,900 $25,100
Large solid motor project......... cenees 3,500 e ——

Total.e.oeoanns sesececaas cesesssanseas $37,037 $28,900 $25,100

BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology

High performance liquid, solid, and hybrid propellants are being
examined for use in launching payloads at low cost and for use in orbital,
lunar, solar, and planetary space systems. High performance propellants
can be translated into greater payload capability or into carrying the
necessary payload with a smaller launch and space vehicle system. The
work extends the use of hydrogen fuel as a rocket propellant for space
missions and is examining the use of high density mild cryogenic
oxidizers and fuels for certain long duration in space missions. A
strong effort in simplified, relatively low-cost engine systems for launch
vehicle systems will be continued. New propulsion concepts and advanced
engine designs to improve the capabilities for transporting and maneuvering
payloads in the solar space environment are being explored.

Research on solid propellant motor systems includes nondestructive
testing techniques for inspection and qualification of loaded motors,
ignition, methods of combustion termination and restart, and improved
predictability of propellant burning rate.

Experimental engineering programs in liquid and solid propellant motors
verify research design and data extrapolations by demonstration tests of
breadboard systems. Very often such tests disclose new problems that re-
quire continued research effort. The experience helps greatly in defining
the appropriate design criteria, cycle selection, and operating conditions
for such new equipment. The work involves the design, fabrication and
test of experimental components and systems to determine their practicality,
providing a sound basis for selection of advanced propulsion equipment.

It furthermore provides a clear indication of design and test methods that
will reduce the cost of development and production of these equipments.
Fabrication process specifications, development procedures, costs, schedules,
facility and special equipment requirements, can be assessed as a result of
such work.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES

SUMMARY

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY AERONAUTICAL VEHICLES PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The role of the Aeronautical Vehicles program is to provide continued
improvements in the safety, efficiency and utility of all classes of military
and commercial aircraft, Advanced data for the design of new aircraft,
technological advances needed to develop safer and superior commercial air-
craft, and leadership in the generation of advanced aircraft concepts are
integral parts of the program, Effort in the advanced research and technology
disciplinary areas of aerodynamics, loads and structures, propulsion, opera-
ting environment and flight dynamics; plus proof-of-concept effort in the
general aviation, V/STOL, subsonic, supersonic and hypersonic aircraft areas,
is conducted in furtherance of the above objectives, Proof-of-concept activity
is system integration technology whereby full scale operating systems are used
to extend laboratory technology in system elements, The programs in these
areas encompass work in materials, noise and sonic boom, operational aspects,
propulsion system and airframe integratiomn, and the relationships which exist
between the pilot and the total aircraft system,

SUMMARY OF RESOURCES REQUIREMENTS:

(Thousands of Dollars)

1968 1969 1970

Advanced research,...ccecececcccecee $12,800 $16,891 $21,785
General aviation aircraft

teChnOIOgy.ooooaooo-ooooooooooo- 4” 535 wo
V/STOL aircraft technologY¥..eeecees 7,057 8,740 11,250
Subsonic aircraft technology..ees.. 7,905 17,046 16,190
Supersonic aircraft technology,,... 24,050 21,893 20,900
Hypersonic aircraft technology,.... 14,538 9,795 8,275

TOtal...................l....". $66!800 $74!9w ;?78!900
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Advanced Research

Advanced research in aircraft aerodynamics is a continuing investigation
of airflows determining flight performance, stability, and control. The
program in this area embraces the subsonic, transonic, supersonic, and hyper-
sonic flight regimes involved in advanced aeronautical vehicles. Funds are
required for extensions of basic studies on the supercritical wing and its
adaption to transonic aircraft, development of theory and computer programs
for analyzing supersonic aircraft configurations with respect to performance
optimization and sonic boom minimization, and application of fluid physics
to the critical aerodynamic problems of hypersonic cruise flight. Provision
has been made for upgrading of critical wind tunnel facilities as well as
for the operational support required to increase their effectiveness.

The underlying goal of the loads and structures program is the achievement
of lighter weight airframes which exhibit superior reliability and safety.
The program involves analytical and experimental studies of the structural .
environment and the structural behavior and response to this environment,
including the evaluation of new concepts. Included are basic studies of the
structural response to gust loads, evaluation of gust alleviation systems,
buffeting and flutter, structural fatigue, the use of composite materials to
achieve lighter weight airframes, and the development of improved stress
analysis procedures,

The primary goals of the Advanced Research air breathing propulsion program
are to provide advanced technology through analytical and experimental investi-
gations of engine components and propulsion concepts which either are not
readily identified with a specific flight spectrum or else identified over a
broad flight spectrum. Included are research studies of: basic mechanism of
fan and compressor noise generation and suppression, jet exhaust noise
suppression, development of engine noise prediction techniques, technological
assessment of nuclear power for aircraft use, and smoke suppression of jet
engines. Basic studies will be continued on advanced bearing and lubrication
systems, and on aircraft-propulsion system integration problems.

The research effort in the aircraft operating environment program is aimed
at solving general problems associated with the runway and flight environ-
ments, flight safety, noise, flight instrumentation and sonic boom. It
involves theoretical analyses and laboratory and flight test experiments to
validate current engineering procedures and develop solutions to aircraft
operational problems. The results provide the research for safer and quieter
aircraft operations and the basic environmental design data for application
to specific classes of aircraft.

The flight dynamics research program is aimed at the determination of the
dynamic interaction and the fundamental relationships between the pilot and
the cockpit displays, aircraft control system characteristics, aircraft flight
response behavior and the required flight path performance. It involves '
theoretical analyses, ground based simulator studies and measurements in the
real flight environment to investigate basic handling qualities factors. The
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program also includes studies of improved methods for aircraft control and of
improved test techniques, and research to establish more realistic piloted
flight simulators.

General Aviation Aircraft Technology

The general aviation industry continues to exhibit rapid growth, especially
in the area of the scheduled air taxi operation (so-called third level carrier,
mini-airlines, etc.) where the small airplane is providing air transportation
links between small communities and major air terminals. In order to assure
a continuing increase in the level of operational safety and utility, the NASA
is conducting research to provide the necessary technology base which the
industry and FAA can use for constantly improving these aircraft. The program
encompasses aerodynamics, structures, and flight dynamics technology which,
coupled to the effort in the operating environment area, is already bezinning
to fill the technology gaps in the general aviation area.

V/STOL Aircraft Technology

Technology effort will be increased both in the disciplinary and proof-of-
concept areas. Particular emphasis will be given in continuing wind tunnel
and analytical studies to providing basic information to support the design
of advanced lift-fan and rotor V/STOL concepts. General flight research will
utilize, for example, the newly-acquired XC-142 tilt-wing and XV-5B lift-fan
vehicles. These studies will add to the limited information now available,
enabling the establishment of more reliable criteria on which low speed con-
trol and handling qualities requirements for future V/STOL aircraft designs
will be based.

More specific, proof-of-concept type programs will be initiated to
evaluate in flight two concepts for providing significantly improved short-
take-of f and landing aircraft: one for prop-driven and one for jet-propelled
transports. Similar programs will be started leading to verification of two
promising rotor concepts aimed at improving the cruise performance and
reducing the vibration of conventional helicopters.

Another program will be initiated to provide the XV-5B research airplane
with higher-performance lift-fans and an improved control system enabling
handling quality reseaxrch over a broader envelope of take-off and descent
conditions more representative of future production V/STOL aircraft.

Subsonic Aircraft Technology

Technology work on subsonic aircraft is oriented toward safety of flight,
improvement of flight efficiency and the reduction of noise. 1In the disci-
plinary areas, aerodynamic technology will be conducted on advanced aircraft
configurations with particular emphasis on seeking favorable flow interactions
between airframes and high by-pass ratio turbofan engines. Structures research
applicable to subsonic commerical aircraft will include studies of structural
loads and environment, fatigue and the development of improved crack detection
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techniques, Propulsion technology will seek to improve the efficiency,
utility and safety of present and advanced subsonic aircraft propulsion
system concepts and to provide supporting in-house technology for the Quiet
Engine Project. Included are analytical and experimental research studies of
high performance, low noise fans, compressors, combustors and turbines and
studies of problems related to the integration of the Quiet Engine with
subsonic ajrcraft. Flight dynamics research will be concentrated on investi-
gation of handling qualities and operational techniques of subsonic jet
transports to provide a more rational foundation for certification criteria,
studies of pilot-managed automatic flight control in terminal area operations,
and tests of improved vertical situation displays for noise abatement steep
approaches,

In FY 1969 a program was initiated to study supercritical airfoils in
flight through the modification of an F-8 aircraft on loan from the Navy. In
FY 1970 the modified aircraft will be instrumented and flight tested.

In continuing to provide the full research and technology support required
by the Interagency Aircraft Noise Abatement Program, the NASA will conclude
the nacelle fan noise minimization program by conducting flight tests of
choked inlet nacelles (final configurations of acoustically treated nacelles
will have been completed in FY 1969) and fabricating and testing components
for the Quiet Engine project.

Supersonic Aircraft Technology

The supersonic aircraft technology effort is directed toward advancing the
state-of=the~art in the technical disciplines specifically related to both
civil and military supersonic aircraft., Broad based technology programs have
been generated aimed at classes of problems whose results are applicable to
these airplane requirements. Such a program is pointed necessarily at new
and advanced configurational development through removal of state-of-the-art
gaps that may restrict utilization of the supersonic flight regime.

By interagency agreement, NASA will continue .to provide technical support
and assistance to the FAA in the evolution of the U. S. prototype supersonic
transport. Design problems arising during the current development have indi-~
cated several areas wherein improvements can be achieved through the planned
research program. In addition, technology directed at advanced supersonic
transport configurations is a major element of the program.

NASA will continue to provide technical assistance to the Navy and Air
Force in the evolution of the proposed VFX, FX and AMSA airplanes. Based
upon presentations made by potential airframe and engine contractors, a NASA
research program was formulated to generate solutions to potential technical
problems. This program involving a number of technical disciplines is being
actively pursued.

Utilizing an F-111A aircraft, measurements of high-frequency inlet airflow
oscillations are continuing. In addition, flight tests of a boron composite
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horizontal tail and an investigation of aerodynamic buffet will be made.
Performance and aerodynamic data obtained during flight from a YF-12A air-
plane will be compared with information from ground based facilities, in

order to assess the validity of current analytical and experimental procedures.

Hypersonic Aircraft Technology

At the present early stage in the development of hydrogen fueled air-
breathing hypersconic airplanes, optimum configuration concepts are not
clearly defined. Parametric studies of complete configuration designs are
being performed in sufficient depth to resolve this problem and evaluate
realistic potentials for these aircraft. In these studies, tradeoffs among
the aerodynamic, structural and propulsion disciplines will be evaluated
from flight-prcofile analyses.

As vehicle concepts are developed, experimental model studies will continue
to be made over the required operating speed range. The general performance
level of hypersonic propulsion systems, utilizing subsonic and/or supersonic
combustion, and their effect on the performance of hypersonic aircraft, is to
be determined. To obtain satisfactory aerodynamic characteristics, tests of
configuration modifications will be conducted. Various structural concepts
that offer the least weight and thermal protection systems will be investi-
gated.

The hypersonic research engine proof-of-concept program, initiated in
FY 1965, contirues to furnish design information for hypersonic propulsion
systems. A boilerplate engine, which will incorporate the most advanced
aerothermodynamic technology developed during the program, will be tested
at the Lewis Research Center's Plum Brook Facility.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES
SUMMARY

OFFICE OF TRACKING AND DATA ACOQUISITION TRACKING AND DATA
ACQUISITION PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The purpose of this program is to provide responsive and efficient tracking
and data acquisition support to meet the requirements of all NASA flight
projects. In addition, support is provided, as mutually agreed, for projects
of the Department of Defense, other Government agencies, and other countries
and international organizations engaged in space research endeavors.

Support is provided for manned and unmanned flights; for spacecraft,
sounding rockets, and research aircraft; for earth orbital and suborbital
missions; for lunar and planetary missions; and for space probes.

Types of support provided include: (a) tracking to determine the position
and trajectory of vehicles in space, (b) acquisition of scientific data from
onboard experiments, (c) acquisition of engineering data on the performance
of spacecraft and launch vehicle systems, (d) transmission of commands from
ground stations to spacecraft, (e) communication with astronauts and
acquisition of medical data on their physical condition, (f) communication of
information between various ground facilities and mission control centers,
and (g) processing of data acquired from the space vehicles. Such support
is essential for achieving the scientific objectives of all flight missions,
for executing the critical decisions which must be made to assure the
success of these flight missions, and, in the case of manned missions, for
insuring the safety of the astronauts.

Tracking and data acquisition support is provided by a worldwide network
of NASA ground stations supplemented by appropriate instrumentation ships,
aircraft, and ground stations of the Department of Defense. These
facilities are interconnected by a network of ground communications lines,
undersea cables, high frequency radio links, and communication satellite
circuits, which provide the capability for instantaneous transmission of data
and critical commands between spacecraft and the control centers in the
United States from which the flights are directed. Facilities also are pro-
vided to process into meaningful form the large amounts of data which are
collected from flight projects. In addition, instrumentation facilities are
provided for support of sounding rocket launchings and flight testing of
research aircraft.
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SUMMARY OF RESOURCES REQUIREMENTS:

(Thousands of Dollars)

1968 1969 1970
Operations.....ceceeeecececcans $211,483 $226,950 $239,400
Equipment.....cccveeeccescecsccse 51,567 41,222 46,100
Supporting research and
technology..eceeeseecesoensecs 12,800 11,500 12,500
Tota8l.ceeeescnoesnceansonanas $275,850 $279,672 $298,000

BASIS OF FUND REQUIREMENTS:

Operations

Funds are required for the operation and maintenance of the worldwide
tracking and data acquisition facilities. A significant portion of the
increase from FY 1969 to FY 1970 is attributable to the operation of the
Manned Space Flight Network in support of the Apollo program. Reimbursement
for an increase in services provided by DOD, and provision of funds to cover
a full year's cost of a limited second shift of personnel, contribute to the
increase in FY 1970 for the operation of this network.

In the Deep Space Network, additional engineering effort is necessary as
the network capability evolves from one of basically lunar support to one of
planetary support involving multiple spacecraft. A small increase in Satel-
lite Network operations is required in FY 1970 to provide for the operation
of selected control centers at Goddard Space Flight Center and for cost-of-
living additions.

Equipment

The tracking and data acquisition support requirements placed on the net-
works establish needs for equipments which are essential to provide the
continual on-going support for approved and planned programs. Funds for
equipment are required to replace obsolete and wornout items, to modify
existing systems to maintain compatibility with changes in spacecraft instru-
mentation, to increase the support utilization and efficiency of existing
systems, and to complete or provide new systems required to support specific
flight missions of approved and planned programs. In FY 1970, emphasis will
continue on sustaining the existing capability of the networks with only
minor augmentations of equipment to meet the requirements of new programs
such as the Earth Resources Technology Satellite (ERTS).
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Supporting Research and Technology

Supporting Research and Technology is the activity whereby concepts,
techniques, and hardware are developed, tested, and evaluated for use in
the networks to meet support requirements of new flight projects. 1In FY
1970, emphasis will continue on assessing network responsiveness and operat-
ing techniques which show promise of improving network effectiveness in terms

of cost and performance.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1970 ESTIMATES

SUMMARY

OFFICE OF TECHNOLOGY UTILIZATION TECHNOLOGY UTILIZATION PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

This program provides a necessary follow-on to all government supported
programs in line with the principle that techniques and methods discovered
and/or developed with public support should be made available to the public
expeditiously for their benefit. Those techniques and methods which are of
direct benefit to the aeronautical and space communities almost automatically
are put to use throughout that community. However, there are inevitally
discoveries and developments in any line of research which are of potential
benefit to users outside of the developing community. It is the purpcse of
the program to uncover such useful discoveries and provide a mechanism for
making them known and avajilable to the general public. In addition, this
program provides a similar service in connection with management techriques
for large, complex research and development activities by giving wide dis-
semination to new systems and concepts in this area.

The primary objectives of the Technology Utilization program are: (1) to
increase the return on the national investment in aerospace research and
development by encouraging additional uses of the knowledge gained in those
programs; (2) to shorten the time gap between the discovery of new knowledge
and its effective use in the marketplace; (3) to aid the movement of new
knowledge across industry, disciplinary, and regional boundaries; (4) to
contribute to the knowledge of better means of transferring technology from
its points of origin to its points of potential use.

SUMMARY OF RESQURCES REQUIREMENTS:

(Thousands of Dollars)

_1968 _1969 .1970

Identification and publication..... $1,500 $1,600 $1,700
Evaluation.....ceceeeesecesenacaans 700 800 950
Dissemination..ccceceeenceccacocesns 1,600 1,400 2,350
Analysis....coviiniieineecnennennns 200 === ==
Total..ooviervresneennnseanseeeas  $4,000 $3,800 $5,000
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BASIS OF FUND REQUIREMENTS:

Identification and Publication

Technology Utilization Officers at NASA field installations and specialists
from universities, research institutes and private industry search through
selected areas of scientific and technical endeavor, and identify and document
those inventions, innovations, improvements, and discoveries that have poten-
tial utility to the nonaerospace sector of the economy. Continued increased
emphasis is placed on the identification and reporting of new technology by
NASA contractors.

Evaluation

Personnel at NASA installations and research institutes evaluate the new
technology so identified, determine its novelty, significance and potential
nonaerospace industrial application and utility and prepare reports which
are published and made available to the scientific, industrial and academic
communities. In addition, NASA personnel and research institute personnel
are continually evaluating technology transfer mechanisms and feeding the
new knowledge back into the Technology Utilization program.

Dissemination

This program element is accomplished by the employment of regional dis-
semination centers that store, retrieve and interpret, the new technology
developed by NASA for local industry. Biomedical application teams are also
employed to assist researchers in defining and solving medical problems by
adaptation of NASA technology. In addition, Government developed computer
software is evaluated and disseminated to industry. Cooperative programs
are underway with several other agencies such as the Bureau of Reclamation,
Law Enforcement Assistance Administration, Social Rehabilitation Service of
HEW, Small Business Administration, Atomic Energy Commission and others to
disseminate applicable new technology developed by NASA.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

PROPOSED APPROPRIATION LANGUAGE

CONSTRUCTION OF FACILITIES

For advance planning, design, and construction of facilities for
the National Aeronautics and Space Administration, and for the
acquisition or condemnation of rcal property, as authorized by
law, [$21,800,0007 358,200,000, to remain available until expended.
(42 U.S.C. 2451, et seq., 50 U.S.C. 511-615; Independent Offices and
Department of Housing and Urban Development Appropriation Act,
1969; additional authorizing legislation to be proposed.)
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£ 40

ONETRUCTICON OF XACILITIZS

Program and Financing (in thousands of dollars)

. . Budget plan (amounts for construction
Identification code of facilities actions programed)

Costs and obligations

27-00 0107-0-1-251 1968 actual 1969 estimate 1970 estimate

1968 actual

1969 estimate

1970 estimate

Program by activities:
Direct program:

1. Manned space flight - ________ .. 21,340 10,414 14,250 54,403 22,000 17,000
2. Scientific investigations in space____________._.____.__._._._. 3,595 1,925 1,595 7,416 6,000 4,000
3. Space applications _ __ it eemeeemoe cecccme eeme—aoo- 10
4. Space technology . . _____ .- 2,115 386 8,088 14,824 15,000 11,000
5. Aircraft technology_ ____ 3070 ... 4,767 4,910 10,000 6,000
6. Supporting activities 3,285 22,975 29,500 12,408 15,000 22,000
Total direct program costs, funded . _____._.________.____. 33,505 35,700 58,200 93,971 68,000 60,000
Reimbursable program:
3. Space applications_____ ..o i eemeiicen e m S
Total program costs, funded . __ i maimceil eeemcmcdee miimeean 94,081 68,035 60,000
Change in selected resources ! _ e eicmcmet  mmmmmce—cen cemecmemon cmmccmmmeeee —29,563 36,934 —1,800
10 Y 33,505 35,700 58,200 64,518 104,969 58,200
Financing:
21 Unobligated balance available, start of year, for completion of prior
year budget plans__ e it e iicieeaa —95,386 —69,269 ...
22 Unobligated balance transferred from other accounts. . _ .. __ .. ... .. ... —600 . L.
Reprograming to prior year budget plans____ .. ____.______________ 4,295 o e e e memeaman
24 Unobligated balance available, end of year, for completion of prior
year budget plans. .. i o iiiiiin cdeeen meemeas 69,269 . ...
Budget authority .. ... _________________ .. 37,808 35,700 58,200 37,800 25,700
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ConstructioN oF Faciurries —Continued

Program and Financing (in thousands of dollars)—Continued

Budget plan (amounts for construction

Identification code

of facilities actions programed)

Costs and obligations

27-00-0107-0-1-251

1968 actual 1969 estimate 1970 estimate 1968 actual 1969 estimate 1870 estimate
Budget authority:
40 Appropriation_ _________________ ... ... 35,900 21,800 58,200 35,900 21,800 58,200
42 Transferred from other accounts_ .. ... .. ____.._______ 1,900 13,900 __. .. ... 1,900 13,900 .____._______
43 Appropriation (adjusted) _____________._____________________ 37,800 35,700 58,200 37,800 35,700 58,200
Relation of obligations to outlays:
71 Obligations incurred, net_ _ . e 64,518 104,969 58,200
72 Obligated balance, start of year 145,043 83,464 118,433
74 Obligated balance, end of year. .. —83,464 —118,433 —116,633
90 Outlays. o 126,097 70,000 60,000
1968 1969 1970
Note.—Reconciliation of budget plan to obligations: aclual estimale estimale
Total budget plan. _ L maaan- 33,505 35,700 58,200
Deduct portion of budget plan to be obligated in subsequent

BBYS o o e e e e e e e m e mmmme——mmameme————— 20,498 .____._ __....

Add obligations of prior year budget plans_ . ___ . . ... 51,51 69,269 ...

Total obligations_ ..o 64,518 104, 969 58,200

t Selected resources as of June 30 are as follows: 1967 1968 1969 1970

Unpaid undelivered orders_ . .. @ o ienaaa 82,061 52,498 89,432 87,632

Advances_ _ .. ____ .. ____.________... b memcme oo oo

Total selected resources 82,062 52,498 89,432 87,632




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1970 ESTIMATES

SIJMMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN BY LOCATION

Location

Ames Research Center,..ceeceseee
Electronics Research Center,....
Goddard Space Flight Center,,,..
Jet Propulsion Laboratory.......
John F, Kennedy Space Center,
NASA.....‘l....'..........ﬁ...
Langley Research Center,...,ecse
Lewis Research Center,,.cceceese
Manned Spacecraft Center......o.
Marshall Space Flight Center,,..
Michoud Assembly Facility,,.....
Wa].lOps Stat‘ion...--a-o.-a-a-oo-
Various LocationS...ecececeeeeese
Facility Planning and Design,,..

Total......O'.l.......’.....

Fiscal Year

(Thousands of dollars)

Fiscal Year

1968 1969

$ 3,170 $ 386
565 ---
1,930 ---
21,632 9,014
2,115 ---
750 1,333

823 ---
425 400

740 275

.- 23,292
1,355 1,000
$33,505 $35,700

Fiscal Year

| ———————————

The geographic location of NASA installations is shown on the map under the
Summary Information tab. Installations for which construction projects are

requested in the fiscal year 1970 budget are identified thereon.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

INSTALLATION SUMMARY

CONSTRUCTION OF FACILITIES
FISCAL YEAR 19_70 BUDGET ESTIMATES

(Dollurs in thousands)

NASA INSTALLATION COGNIZANT PROGRAM OFFICE FOR INSTALLATION

Electronics Research Center Advanced Research and Technology
LLOCATION OF INSTALLATION COUNTY NEAREST CITY
Cambridge, Massachusetts Middlesex Cambridge, Massachusetts

INSTALLATION MISSION

The mission of the Electronics Research Center is to increase the nation's capability
in space by providing the knowledge and advanced technology needed o improve
performance and reliability of space and aeronautical electronic systems and com-
ponents. The Center organizes, manages, and conducts a comprehensive program of
basic and applied aerospace electronics research. It also provides a focal point

for national aerospace electronics research, coordinating nation-wide research
efforts and sponsoring electronics research conducted by industry, universities,

and private institutions.

Fy 1999 70 FUTURE TOTAL
TERRIEET | Ry e Eotmied | SR | ASIER
Computer/Instrrumentation ART 255 6,962 7,217
Research Laboratory
Center Support Facilities III ART 66 1,126 1,192

TOTAL

8,088
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

INSTALLATION SUMMARY

CONSTRUCTION OF FACILITIES
FISCAL YEAR 19_70 BUDGET ESTIMATES

{Dollars in thousands)

NASA INSTALLATION COGNIZANT PROGRAM OFFICE FOR INSTALLATION
Goddard Space Flight Center Space Science and Applications
LOCATION OF INSTALLATION COUNTY NEAREST CITY
Greenbelt, Maryland Prince George's Greenbelt, Maryland

INSTALLATION MISSION

This Center 1s responsible for complete development of unmanned sounding rockets and
orbiting spacecraft experiments in basic and applied science. The work covers
scientific satellites, and communications and weather satellites which orbit in
cislunar space (region between the earth and moon). In addition, the Center

manages NASA's Delta rocket and two world-wide tracking, data acquisition and data
reduction networks.

COGNIZANT Fy 1999 | ¢y 1970 FUTURE TOTAL
- T ; YEARS ALL YEARS
PROJECT LINE ITEM OFFICE CURRERY yr| (Estimated (Estimated) | (Estimated)
Fire Protection and Prevention SSA 57 670 727
Modifications

TOTAL 670

CF 8 . NASA-HQ



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

INSTALLATION SUMMARY
CONSTRUCTION OF FACILITIES
FISCAL YEAR 19_70 BUDGET ESTIMATES

(Dollars in thousands)

NASA INSTALLATION

COGNIZANT PROGRAM OFFICE FOR INSTALLATION

John F. Kennedy Space Center, NASA Manned Space Flight
LOCATION OF INSTALLATION COUNTY NEAREST CITY
Merritt Island, Florida Brevard Cocoa Beach, Florida

INSTALLATION MISSION

The Center conducts overall planning and supervision of the integration, test,
checkout and launch of NASA space vehicle systems at the Air Force Eastern and

Western Test Ranges and Merritt Island, and provides support services for all
NASA elements located in the area.

Prosmcy Line Tew R | HRT | B | S | LT

Launch Complexes 34 and 37 MSF 104,168 8,000 112,168

Manned Spacecraft Facilities MSF 46,205 1,000 47,205
Modifications

Utility Installations MSF 66,313 3,300 69,613

High Pressure Gas Maintenance MSF 12 200 212

Facility

12,500
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

INSTALLATION SUMMARY

CONSTRUCTION OF FACILITIES
FISCAL YEAR 19_70 BUDGET ESTIMATES

(Dollars in thousands)

NASA INSTALLATION COGNIZANT PROGRAM OFFICE FOR INSTALLATION
Langley Research Center Advanced Research and Technology
LOCATION OF INSTALLATION COUNTY NEAREST CITY

angley Station
ham toK, Girggnia ) — Hampton, Virginia

INSTALLATION MISSION

The Center undertakes research to provide a technical base for such missions as:
(1) Manned and unmanned exploration of space; (2) Improvement of performance and
utility of airborne flight. The Center plans, develops, and operates necessary
facilities; generates new and advanced concepts; provides research advice and
assistance to other branches of the government; disseminates scientific and

technical information; searches for and identifies potential industrial applications
involved in the course of research.

COGNIZANT Fy 19 991 £y 1970 FUTURE TOTAL
¢ tod YEARS ALL YEARS
PROJECT LINE ITEM OFFICE cun?l'-:w% yr| (Estimated (Estimated) | (Estimated)
Aircraft Noise Reduction Laboratory ART 332 4,767 5,099

TOTAL 4,767
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

INSTALLATION SUMMARY
CONSTRUCTION OF FACILITIES
FISCAL YEAR 19 70 BUDGET ESTIMATES

(Dollars in thousands)

NASA INSTALLATION
Manned Spacecraft Center

COGNIZANT PROGRAM OFFICE FOR INSTALLATION

Manned Space Flight

TOCATION OF INSTALLATION
Houston, Texas

COUNTY
Harris

NEAREST CITY
Houston, Texas

INSTALLATION MISSION

The Manned Spacecraft Center has as its primary mission the development of

spacecraft for manned space flight programs.
for manned space flight operations, conduct of astronaut training, and earth

resources prozrams.

The Center is also responsible

FY 19§_9

Fv 19 10

COGNIZANT FUTURE TOTAL.
. THRU i YEARS ALL YEARS
PROJECT LINEITEM OFFICE CURRENT yR| (Estimated (Esfimated) | (Estimatsd)
Mission Control Center Power MSF 2,198 1,750 3,948

Generation Facility
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

INSTALLATION SUMMARY

CONSTRUCTION OF FACILITIES

FISCAL YEAR 19_70 BUDGET ESTIMATES

(Dollars in thousands)

NASA INSTALLATION

Wallops Station

COGNIZANT PROGRAM OFFICE FOR INSTALLATION

Space Science and Applications

LOCATION OF INSTALLATION
Eastern Shore of Virginia

COUNTY

Accomack

NEAREST CITY

Temperanceville, Virginia

INSTALLATION MISSION

The basic mission of the Station is to prepare, assemble, and launch scientific
experiments; achieve the desired position and velocity in space; and track, acquire

and record the data sought.

form and analyzed.

These data are processed and reduced to meaningful

Fy 19 .39 70 FUTURE TOTAL
PROJEC Y LINE ITEM COSMIZANT THRU (E:,,-:,?mew YEARS ALL YEARS
CURRENT YR (Estimated) (Estimated)
Flight Information Control and 30 500 530

Analysis Laboratory

TOTAL

500
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

INSTALLATION SUMMARY

CONSTRUCTION OF FACILITIES
FISCAL YEAR 19 70 BUDGET ESTIMATES

(Dollars in thousands)

NASA INSTALLATION
Various Locations

Various

COGNIZANT PROGRAM OFFICE FOR INSTALLATION

LOCATION OF INSTALLATION COUNTY

Not Applicable

Not Applicable

NEAREST CITY

Not Applicable

INSTALLATION MISSION

) COGNIZANT FY 19391 gvi19_10 FUTURE TOTAL
PROJECT LINE ITEM OFFICE cuRtHRO " (Estimated (E\;'flf‘n':i.d) ?E;,;E":_';)S
Modifications and Rehabilitations O&M 540 9,000 9,540
at All Locations
Space Launch Complex 2, Modifica~ SSA 1,029 425 1,454
tions
Deep Space Antenna (210 Foot) . TDA 17,540 17,000 34,540

Facilities

TOTAL

26,425
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

INSTALLATION SUMMARY

CONSTRUCTION OF FACILITIES
FISCAL YEAR 19_70 BUDGET ESTIMATES

(Dollars in thousands)

NASA INSTALLATION

All

COGNIZANT PROGRAM OFFICE FOR INSTALLATION

Office of Organization and Management

LOCATION OF INSTALLATION COUNTY NEAREST CITY
INSTALLATION MISSION
Fy 19 59 70 FUTURE TOTAL
PROJECY LINE ITEM COOG,.-N..-'.ZCAENT THRU (ESY,,-,',,SG,M YEARS ALL YEARS
CURRENT YR (Estimated) | (Estimated)
Facility Planning and Design 0&M 53,865 3,500 Not
Applicable
TOTAL 3,500

CF 14
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

PROPOSED APPROPRIATION LANGUAGE

[Apmivistrarive OpERATIONS]Y Researca 4¥p Proarax
MANAGENENT

For nccessary expenses of [operation] research in Government
laboratories, managenent of programs and other activities of the
National Aeronautics and Space Administration, not otherwise
provided for, including uniforms or allowances therefor, as author-
ized by law (5 U.S.C. 5901-5902) ; minor constiuction; [supplies,
materials, services, and equipment] awards; hire, maintenance and
operation of administrative aircraft; purchase (not to exceed [ten]
thirty-five for replacement only) and hire of passcnger motor vehicles;
znd maintenance, repair, and alteration of real and personal prop-
erty; [$603,173,000] §650,900,000: Provided, That contracts may
be entered into under this appropriution for maintenance and
operation of facilities, and for other services, to be provided during
the next fiscal vear. (2 U.S.C. 2451, et seq., 50 U.S.C. 611-515;
Independent O flices and Department of Hausing and Urban Develop-
ment Appropriation Act, 1965, additional @uthorizing legislation to be
proposed.)

GENERAL PROVISIONS

Not to exceed 5 per centumn of any appropriation made available
to the National Aeronautics and Space Administration by this Act
may be transferred to any other such appropriation. .

Not to exceed $35,000 of the appropriation [‘‘Administrative
Operations”’] ‘“‘Research and Program Management” in this Act for
the National Aeronautics and Space Administration shall be avail-
able for scientific consultations or extraordinary cxpense, to be
expended upon the approval or authority of the Administrator and
his determination shall be final and eonclusive.
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| RESEARCH AND PROGRAM M AN AGEMENT

Program and Financing (in thousands of dollars)

Identification code Budget plan Costs and obligations
27-00-0103-0-1-251

1968 actual 1969 estimate 1970 estimate 1968 actual 19069 estimate 1970 estimate

Program by activities:
Direct program:

1. Manned spaceflight . _______ . ____________ ... ... . 324,352 322, 261 317, 300 318,690 322,800 318, 000
2. Scientific investigations in space. . ___ ... .. .- ____...__. 68, 855 74, 300 77,900 77,139 73, 600 78,000
3. Space applications_ .. - .o i 20,203 19, 900 21,000 23,094 19,700 21,000
4. Space technology ... ... 139,998 142, 500 141, 800 143,026 142,700 142,000
5. Aircraft technology_ . ... 51,714 55,300 56, 000 52,840 55,400 56,000
6. Supporting activities_ ... oo ool 34,171 34,000 36, 900 39,898 33,500 37,000
Total direct program costs, funded .. _.__________________ 639,293 648, 261 650,900 654,687 647,700 652,000
Reimbursable program:
1. Manned space flight__ . ____ . . ... 1,241 1,400 1,616 1,211 1,400 1,616
3. Space applications._ ... o _.__._. 939 1,330 1,284 1,131 1,330 1,284
4. Space technology ... 522 570 600 487 570 600
Total reimbursable program costs.. ... _.__.__._____..._ 2,702 3,300 3,500 2,829 3,300 3,500
Total program costs, funded  ___._________.__......_____ 641,995 651,561 654, 400 657,517 651,000 655, 500
Change in selected resources ! _ il il ameiiel amceeiiio-- —15,522 561 ~1,160
10 Total e 641,995 651, 561 654, 400 641,995 651, 561 654, 400
71968
adjust-
t Selected resources as of June 30 are as follows: 1967 ments 1968 71969 1970

Unpaid undelivered orders_ ... oo ooaacaooa 54,265 —2,751 35,806 36,367 35,267

Advances o e~ 157 .. 342 342 342

Total selected resources. _ oo oo 54,421 ~2,751 36,148 36,709 35,609
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REsEARcH aND PrROGRAM M an 4cEMENT—Continued

Program and Financing (in thousands of dollars)—Centinued

Identification code

Budget plan Costs and obligations

27-00-0103-0-1-251 1968 actual 1060 estimate 1970 estimate 1968 actual 1969 estimate 1970 estimate
Financing:
Receipts and reimbursements from:
11 Federalfunds________ __ .. .. el —2,494 —3,000 -—3,200
14 Non-Federal sources 2. e —208 —300 —300
25 Unobligated balance lapsing e 130 . ..
Budget authority i 639,423 648,261 650, 900
Budget authority:
40 Appropriation._ . e il 628,000 603,173 650,900
41 Transferred to other accoUnts _ _ o . e —127 —280 ...
42 Transferred from other accounts_ - .l 11,550 45,368 ____________.
43 Appropriation (adjusted) . _____ oo 639,423 648,261 650, 900
Relation of obligations to outlays:
71 Obligations incurred, net_ _ e 639,293 648, 261 650,900
72 Obligated balance, start of year_ . .. oo 101,291 86,373 74,934
74 Obligated balance, end of year__. e —86,373 —74,934 —70,834
77 Adjustments in expired accounts___._.____.________._ .. ... U —2,685 . ...
90 QU S - — - e e e e o e e 651,527 659, 700 655, 000

2 Reimbursements from non-Federal sources are receipts for services performed on Communications Satellite
Corporation projects (42 U.S.C. 2473) and for personal property sold for replacement purposes (40 U.S.C. 481).



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1970 ESTIMATES

RESEARCH AND PROGRAM MANAGEMENT

SUMMARY OF OBLIGATIONS BY INSTALLATION

(In thousands of dollars)

MANNED SPACE FLIGHT..........ec00

John F. Kenriedy Space Center,

Manned

Spacecraft Center........

Marshall Space Flight Center....

SPACE SCIENCE AND APPLICATIONS....

Goddard Space Flight Center.....
Wallops Station.......eeveeeesvas

ADVANCED

RESEARCH AND TECHNOLOGY..

Ames Research Center.......eoeo.
Electronics Research Center.....

Flight

Research Center..........

Langley Research Center.........
Lewis Research Center...........
Space Nuclear Propulsion Office.

SUPPORTING OPERATIONS

..........................

Fiscal Year

Fiscal Year

Fiscal Year

1968 1969 1970
$315,098 $312,028 $307,450
93,131 97,669 97,501
95,737 97,998 97,748
126,230 116,361 112,201
$77,073 $82,510 $88,053
68,305 73,490 79,024
8,768 9,020 9,029
$189,059 $193,924 $195,600
33,781 34,036 34,050
15,352 17,237 18,566
9,469 9,680 9,615
62,213 62,947 63,308
66,222 67,845 68,061
2,022 2,179 2,000
$58,063 $59,799 $59,797
$639,293 $648,261 $650,900
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1970 ESTIMATES

RESEARCH AND PROGRAM MARAGEMENT

DISTRIBUTION OF OBLIGATIONS BY FUNCTION

BY INSTALLATION
(Thousands of dollars)

g R

J. F. Kennedy Manned Marshall Goddard Anes Electronics Flight Langley Lewis Space Nuclear
Total Subtotal Space Center, Spacecraft Space Flight Subtotal Space Flight wallops Subtotal Research Research Research Research Research Propulsion

FUNCTION NASA OMSF NASA Center. Center 0SSa Center Station OART Center Center Center Center Center Office Headquarters
Personnel T

1968 $432,294 | $191,209 $37,248 $63,669 $90,292 $55,328 $50,160 $5,168 | $149,608 $26,872 810,118 $7,228 $48,694 $54,851 31,845 336,149

1969 463,722 202,840 43,297 68,938 90, 605 62,664 57,043 5,621 160,040 28,426 11,964 7,589 51,613 58,579 1,889 38,178

1970 469,550 201,806 44,296 70,025 87,485 68,163 62,513 5,650 161,557 28,358 12,843 7,583 51,974 58,984 1,815 38,024
Travel

1968 15,095 7,340 661 3,929 2,750 2,045 1,919 126 3,674 731 308 184 1,130 954 167 2,236

1969 14,625 6,869 m 3,923 2,175 1,771 1,639 132 3,360 630 318 189 1,132 896 195 2,625

1970 14,600 6,530 679 3,773 2,078 2,054 1,918 136 3,391 630 351 197 1,132 896 185 2,625
Automatic Dats ’

Processing

1968 32,045 17,506 1,214 6,243 10,049 6,011 5,951 60 7,177 1,634 1,382 92 3,541 528 --- 1,351

1969 24,636 14,151 1,045 6,059 7,047 5,490 5,426 64 3,693 994 1,329 85 950 335 - 1,302

1970 23,829 13,685 914 5,975 6,796 5,452 5,385 67 3,315 583 1,225 85 1,145 277 --- 1,377
Facilities Services

1968 94,297 64,989 42,291 11,609 11,089 8,106 5,707 2,399 20,415 3,425 1,668 1,109 6,373 7,840 --- 787

1969 85,896 58,989 41,376 9,307 8,306 7,493 5,193 2,300 18,756 2,997 1,786 1,099 6,749 6,125 :: 658

1970 84,954 57,368 40,722 8,693 7,953 7,622 5,141 2,281 19,496 3,458 2,375 1,056 6,554 6,053 668
Technical Services

1968 20,505 5,216 --- 2,090 3,126 872 826 46 2,028 109 1,038 29 145 697 10 12,389

1969 17,398 3,057 --- 1,850 1,207 823 753 70 1,937 84 933 42 138 645 95 11,581

1970 16,860 2,828 .- 1,668 1,160 737 675 62 1,752 84 823 42 138 665 --- 11,543
Adwinistrative

Support

1968 45,057 28,838 11,717 8,197 8,924 4,711 3,742 969 6,357 1,010 838 827 2,330 1,352 --- 5,151

1969 41,984 26,122 11,180 7,921 7,021 4,269 3,436 833 6,138 905 927 676 2,365 1,265 --- 5,455

1970 41,107 25,233 10,890 7,614 6,729 4,225 3,392 833 6,089 937 949 652 2,365 1,186 --- 5,560
Total

1968 639,293 315,098 93,131 95,737 126,230 77,073 68,305 8,768 189,059 33,781 15,352 9,469 62,213 66,222 2,022 58,063

1969 608,261 312,028 97,669 97,998 116,361 82,510 73,490 9,020 193,924 34,036 17,237 9,680 62,947 67,845 2,179 59,799

1970 650,900 307,450 97,501 97,748 112,201 88,053 79,024 9,029 195,600 34,050 18,566 9,615 63,308 68,061 2,000 59,797




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1970 ESTIMATES

RESEARCH AND PROGRAM MANAGEMENT

DISTRIBUTION QF OBLIGATIONS BY OBJECT CLASSIFICATION

BY FUNCTION

(Thousands of Dollars)

Automatic
Object Claisification Total Personnel Travel Data Facilities Technical | Adminisirative
NASA Processing Services Services Support
Figcal Year 1968
Personnel compensation $398,536 $398,536 - .- ——— ——— ——-
Personnel bencfits 30,382 30,382 . - - - -
Benefits for forwe: personnel 336 336 —-- - ——— -— ———
Travel & transp. of persons 16,803 202 $15,095 ——- . — $1,506
Trasnsportation of :hings 4,090 635 - . - $123 3,332
Rerts, comm.n:.catisns,
and utilit:es 48,683 PO - $17,138 $18,270 _— 13,275
Printing and ‘eproduction 7,286 .- - — a-- 728 6,556
Otter services 107,204 2,203 . 12,196 63,513 18,396 10,896
Supplies and naterials 17,214 —— ——— e |. 8,402 530 8,28z
Equipment 6,825 - - 2,711 2,283 728 1,103
Lands and sirictures 1,829 -——— _— ...‘ 1,829 ——— —_—
Grants, subsilies & contributions 82 - ——- - .~ — &2
Insurance claims snd indemnities 23 ——— ——— ——- -— —— @3
Totals $639,293 $432,294 515,095 $32,045 $94,297 $20,505 $45,057
Fiscal Year 1369
Pezsonnel compensstion $428,060 $428,060 ——— -— .- —— ———
Pecsonnel benefite 52,477 32,477 - - - . o
Benefits for former personnel 283 283 - ae= ——— -— ———
Travel & transp. of persons 16,356 241 $14,625 —— ——— -—- $1,490
Transportaticn of things 4,023 505 .- - - $143 3,375
Reats, commurications,
and utilities 47,326 . - 14,109 518,174 — 15,041
Printing and reproduction 6,342 —- -—- p— —— 769 5,573
Other services 92,812 2,156 - 10,466 56,383 15,507 £,300
Supplies and mate:ials 15,960 - - - 8,290 406 7,264
Equipment 3,380 - - 61 1,925 573 821
Lands and structuces 1,124 ——— —— — 1,124 ——— ———
Grants, sutsidies & contributions 83 —— - —- - - a3
Insucance ¢laims ind indemnities 37 ——— -— [ [ -—e 37
Totals $648,261 $463,722 $14,625 R4,636 $85,896 $17,398 $4°,984
Fiscal Yeay .970
Personnel copensation $433,723 $433,723 . — — — o
Personnel benefits 32,951 32,951 -—— —— -—— - ——
Benefits for former personnel - - ——— . - —— -
Travel & t=aisp. of persons 16,339 232 $14,600 —— I . $1,507
Transportat:ism of things 3,987 504 — —_— — $143 3,340
Rents, commiications,
and utilities 46,963 - ——- $13,536 $18,293 o 15,134
Printing and reproduction 6,342 — — e — 773 5,569
Other services 90,697 2,140 — 10,278 55,604 14,975 7,700
Supplies aad materials 15,768 . — ——— 8,321 w22 7,025
Equipment 2,849 - o 15 1,583 547 704
Lands and structires 1,153 — — — 1,153 —— -
Grants, subsidies, & contributions 92 — —— ——— —— —_— 92
Insurance claims and indemnities 36 —— — —— — ——— 36
Totals $650,95U $469,550 $14,600 523,829 $84,954 $16,860 s4_,107










RESEARCH AND PROGRAM MANACEMENT
FISCAL YEAR 1970 ESTIMATES

JOUN F. KENNEDY SPACE CENTTR

MISSION:

The Kennedv Space Center. formerlv the Launch Operations Directorate of
the Marshall Space Flicht Center, was established at Cape Kennedv, Florida, as
a separate Center within NASA in July 1962. Tt serves as the primarv (enter
within NASA for the test, checkout, and launch of space vehicles. This
presently includes launch of manned and unmanned vehicles at Kennedy Space
Center, Florida. and unmanned vehicles at the Air Force Western Test Range.
The Center is now concentrating on the Apollo Saturn V manned launches, as
well as scientific unmanned launches. Kennedv Space Certer is specifically
responsible for:

1. Launch vehicle checkout and preparation.
2. Spacecraft and pavload checkout and prenaration.

3. Launch facilitv design, construction, maintenance. and opcrations,
including advanced planning and studies leading to development of
new launch operation concepts and techniques.

4, Final integration and integrated checkout of vehicle, spacecraft
and launch facilities, and the conduct of actual launch operations.

5. Operation and coordination of sunporting facilities, ground
supnort eauipment, and tracking and data acauisition and logistics
support required for operation of all NASA activities at the Eastern
and Western Test Ranges.

6. Technical and administrative support services for all NASA elements
located in the area.

In fulfilling its assigned programs, the Kennedy Space Center has developed
into a highlv flexible "space port' capable of handling a wide variety of
launch activities for present and future manned and unmanned space missions.

DESCRIPTION:

The Kennedv Space Center is situated anproximately 50 miles east of
Orlando, Florida, in northeast Brevard Countv,

The total land area occupied by the installation is 87,760 acres, including
83,783 acres owned bv NASA. In addition to the land area occunried, the state
of Florida has dedicated to the United States exclusive use rights to some
53,553 acres of State-owned submerged lands.

RPM 11



[ 3
In addition to the operation and maintenance of all facilities at the
Kennedv Space Center, the Center is resnronsihle for certair facilities within
the national Fastern Test Ranee launch area. The total capital investment
of Kennedv Space Center including work in proeress, contractor-held facilities
at various locations, and the Western Test Range, as of June 30, 1968, was
$1,050,510,000.

SUMMARY_ OF RFSOURCES REQUIREMENTS :

(hollars in Thousands)

1968 1969 1970

Authorized permanent positions,
end of vear......iiienecnnns .o 2,917 2,921 2,831
Research and Program Management. $93,131 $97,669 $97.,501
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RESEARCH AND PROGRAM MANAGEMENT
FISCAL YEAR 1970 ESTIMATES

MANNED_SPACECRAFT_CENTER

MISSION:

The Manned Spacecraft Center was established in November 1961 at Houston,
Texas, as NASA's primary Center for the desion, development, and manufacture
of manned spacecraft, and for selection and training of astronaut crews and
the conduct of space flight missions. Manned Spacecraft Center and its pre-
decessor organization, the NASA Space Task Group, have completed two major
programs: (1) the ercury program, which was the United States' pioneering
venture into manned space flight; and (2) the Gemini program, which extended
manned flight capability in space in many significant ways. Manned Spacecraft
Center is now heavily engaged in the Apollo program and is also »nroceeding
with necessary spacecraft modifications for the Apollo Applications project
as well as program planning and technical analysis of other post-Apollo
activities.

The Apollc program utilizes the capabilities of the Manned Spacecraft
Center in several wavs. This Center is responsible for:

1. The design, development, and fabrication of the Apollo spacecraft,
including the command and service modules, and the lunar module.

2. Overall program management and control of the spacecraft including
module intepration, testing, and qualification.

3. Conduct of a program of snacecraft environmental testing.

4. Selection and training of astronauts and preparation of primary and
backun crews for each mission.

5. Operation of the Mission Control Center and control of the spaze
flight missions from lift-off to recoverv.

6. Development of scientific experiments to be flown on Apollo flights.

7. Operation of the lLunarv Receiving Laboratory, which provides a
central complex where samples of materials brought to earth bv lunar
exploration teams mav bhe received, quarantined, processed. undergo
limited experiments, and be distributed to the scientific community
for further analysis.

The longer duration flights planned for the post-Apollo missions will make

it necessary to use the experienced personncl of this Center to upgrade space-
craft and lunar module subsystems. This Center is also responsible for the
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development of earth sensor experiment modules and biomedical, bicscience, and
behavioral experiment modules to be flown on Apollo Apnlications missions.

DESCRIPTION:

The Manned Spacecraft Center is located two miles east of the town of
Webster, Texas. The site is aprroximately 20 miles southeast of downtown
Houston and 25 miles northwest of Calveston, Texas. Total NASA-owned land
at Houston consists of 1,620 acres. The Center also occupies an additional
55,861 acres at the White Sands Test Facility. The total capital investment
of the Manned Spacecraft Center, including fixed assets in nrogress. con-
tractor-held facilities at various locations, and the White Sands Test
Facilitv, as of June 30, 1968, is $420 878,000,

SUMMARY OF RESOURCES REQUIREMENTS:

{PDollars in Thousands)

1968 1969 1970

Authorized permanent nositions,
end of vear.......... ceeenenen 4,604 4,383 4,303
Research and Program Management. $95,737 $97,998 $97.748
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RESEAPCH AND PROGRAM MANACFMENT
FISCAL YEAR 1970 ESTIMATES

GEOPRCE C. MAPSHALL SPACE FLICHT CENTER

MISSTON:

The Marshall Space Flight Center (MSFC) at Huntsville. Alabama, became
a nart of NASA in Julv 1960, and serves as NASA's primaryv center for the
design, development, and testing of large launch vehicles and space transpor-
tation svstems. MSFC is also engaged in pavload development and pavload
integration for post-Anollo flights. MSFC includes the component field
activities at Michoud Assemhlv Facilitv (MAF) at New Orleans. Louisiana; the
Slidell Central Computer Facilitv nearbv: and the Mississippi Test Facility
(MTF) in southwest Mississipni. The Center is now proceeding with the
direction and management of the fellowing:

1. The Saturn IB, which provides a launch vehicle for Apollo
spacecraft development and serves as the carrier for all
Arollo Applications missions,

2. The Saturn V., which provides the launch vehicle for manned
lunar landing missions, planetarv missions, and future very
large scientific satellite pavloads.

3. Selected pavloads for Apollo Apnlications missions, such as the
Saturn I Workshop, and the Apollo Telesconre Mount.

Tn carrving out its management responsibilities, the Marshall Sopace Flight
Center has develoned the capabilitv to:

1. Desien and develor large launch vehicle svstems, including
vehicle svstems test and integration, tailored to mamned and

unmanned pavload reauirements.

2, Desipn and develop scientific pavloads, srace stations, and systems
reqauired for on-going and future space exploration.

3. Develor and integrate scientific experiment pavload packages
to be flown on Saturn/Apollo and subsecuent post-Apollo missions.

4, Conduct systems engineering and overall svstems integration of
vehicles and nravloads.

5. Technical and business management of industrial progsrams
involving srace vehicles, pavloads and svstems.
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In support of its assigned programs, arshall also maintains the research
and develorment capability to conduct advanced studies on launch vebicle and
space svstems, srace raviration techniques, astronautics, and snace science
investigations. TIts capabilitv for research and for manapement of large
industrial programs eives the Marshkall Srace Flight Center a highlv flexible
basc for space nrograms.

DFSCRIPTION:

Operations of the Marshall Space Flierht Center are conducted at three
primarv locations.

The first location, the main lYarshall Space Flieht Center site is near
Huntsville, Alabama. on Armv property at the Pedstone Arsenal. The Center
occupies 1,797 acres under a nonrevocable use permit from the Armv, and 64
leased acres. The capital investment as of June 30, 1968 was $512,117,000.
Certain facilities such as the Pedstone Arsenal Air Ficeld and some utilities
are used jointly bv NASA and the Armv. The Huntsville location has decp-
water access via the Tennessee, Nhio and Mississipri PRivers.

The second location, the Michoud Assemblv Facilitv, is located 15 miles
east of MNew Orleans, lLouisiana. The main facilitv occunies approximately 8§97
acres and the Slidcll Central Computer Facilitv, a satellite facility 20 miles
to the northeast, cccupies 14 additional acres. The carnital investment as of
June 30. 1968, was S$147,004,000. ™ichoud facilitv space totals 3,559,016
sounare feet, including the main assemblv nlant, coverine an area of 43 acres
under one roof. MSFC exercises overall management of the facilitv, while a
sunport contractor provides administrative and technical services, and the
vehicle prime contractors produce the Saturn T and Saturn V booster stages at
this location. The Michoud Assemblv Facilitv is on the Gulf Intra-Coastal
Waterwav, and has deep-water access via the Mississipni River.

The third location, the Mississinni Test Facilitv, is in southwest
Mississippi, approximatelv 50 miles northeast of New Orleans, louisiana. Total
land area is 138,870 acres of which 13.428 acres make un the actual test area
owned by NASA. The remaining 125,442 acres are held as a buffer zone. In the
buffer area, 7.558 acres are owned bv NASA, and 117,884 acres are under re-
strictive easement. Capital investment for the Mississinpi Test Facilitv as of
June 30, 1968, was $286.452,000. Test stands include a dual-position stand
for testing the Saturn V first stage (S-1C), and two stands for testing the
1,000,000 pound thrust Saturn V second stage (S-I1). MSFC exercises overall
management of the facilitv, while a sunport contractor provides administrative
and technical services, and the vehicle prime contractors are resronsible for
conducting tests on the stands. The site has deern-vater access for trans-
porting large boosters via the Pearl River and the Intra-Coastal Watcrwav.

The total capital investment of the llarshall Space Flicht Center, including

fixed assets in process and contractor-held facilities at various locations,
as of .June 30, 1968, was $945,573,000.
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SUMMARY OF RESDURCES REOUIRFMENTS :

Authorized permanent positions,
end of vear......ev00n cereeen
Research and Program Management.

6,440
$§126,230

(Dollars in Thousands)

1969

5,981
$116,361

1970

5,851
$112,201
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RESEARCH AND PROGRAM MANAGEMENT
FISCAL YEAR 1970 ESTIMATES

GODDARD SPACE FLIGHT CENTER

MISSION:

The Goddard Space Flight Center, established in 1959 as the first major
United States laboratory devoted to the investigation and exploration of
space, conducts a wide-ranging program of experimentation in the space
sciences and space applications. As a result, Goddard Space Flight Canter
has developed many diverse capabilities: the management of complex satellite
projects; the development of wholly integrated spacecraft, ranging from
systems enginzering to development, integration, and testing; the development
and operation of satellite tracking networks; data acquisition and analysis;
and scientific research to include both theoretical studies and the develop-
ment of many significant scientific experiments flown in satellites.

Although the majority of Goddard Space Flight Center's personrel are at
the Greenbelt site, other personnel are located at the Goddard Institute for
Space Studies in New York City, and throughout the world, managing the opera-
tion of satellire tracking and communications network stations.

Goddard Space Flight Center is responsible for the management of communica-
tions and meteorological satellite programs, such as the Applications
Technolopgy and Nimbus Satellites; the management of scientific satellite
projects to include the Orbiting Geophysical (0GO), Orbiting Solar (050),
and the Orbiting Astronomical (0AO) Observatories and the Fxplorer series;
project management of NASA's Delta launch vehicle; management anc operation
of two worldwide tracking and data acquisition networks, the Space Tracking
and Data Acquisition Network and the Manned Space Flight Network; and the
development of the sounding rocket program.

Significant achievements of the Goddard Space Flight Center in 1963
included:

Scientific Satellites - Major scientific satellites successfully orbited
in 1968 included: OAO A2, for ultraviolet (UV) sky survey and photometry of
brighter objects; 0GO-V for interdisciplinary studies in particles and fields;
Explorer 38 (RAE-A) for radio astronomy; and Explorer 36 (GEOS-I1) for geodesy
in support of the National Geodetic Satellite Program. The Center also par-
ticipated in technical management and launch of HE0OS-I for ESRO, the first
spacecraft for this organization for investigation of the solar wind and

cosmic rays.

Meteorological and Communications Satellites - During 1968, Gecddard Space
Flight Center, on behalf of the Environmental Science Services Administration,
launched two operational weather satellites, ESSA VII and VIII. One Intelsat,
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operational communications satellite of the Communications Satellite
Corporation, was also launched by this Center during 1968.

Sounding Rockets - The sounding rocket program consisted of 175 scientific
rocket launchings in 1968, including 17 launches in conjunction with foreign
scientists.

Tracking and Data Acquisition - The Goddard-managed Space Tracking and
Data Acquisition Network provided communications and tracking coverage for
unmanned scientific and applications satellites in 1968. The Manned Space
Flight Network provided global tracking support for the first manned Apollo
flight (Apollo 7), and support for the circumlunar manned Apollo flight
(Apollo 8).

DESCRIPTION:

The Goddard Space Flight Center, located 15 miles northeast of Washington,
D.C. at Greenbelt, Maryland, is situated on a 554-acre main site. Three
additional plots of 639 acres comprise the remote site area and contain the
Goddard Antenna Test Range, the Goddard Optical Facility, the Propulsion
Research Facility, the Magnetic Fields Component Test Facility, the Attitude
Control Test Facility, and the Network Training and Test Facility. Total
capital investment as of June 30, 1968, under the cognizance of Goddard Space
Flight Center, including the Manned Space Flight Network, the Space Tracking
and Data Acquisition Network, Apollo ships, and the Goddard Space Flight
Center main site at Greenbelt, Maryland, is $614,860,000.

SUMMARY OF RESOURCES REQUIREMENTS:

(Dollars in Thousands)

1968 1969 1970

Authorized permanent positions,
end of year.....eiivveniannns 3,822 4,243 4,412
Research and Program lianagement. $68,305 $73,490 $79,024
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RESFARCH AND PROGRAM MANAGEMENT
FISCAL YEAR 1970 FESTIMATES

WALLOPS_ STATION

MISSION:

Wallops Station is primarilvy a launch and aeronautical test facility
completely owned and operated by NASA for the purpose of conducting
scientific experiments. PFesearch at Wallops is devoted to gathering infor-
mation about the earth's atmosplhere and its near-snace environment, and to
the field of aeronautics.

The rocket-bhorne experiments flown from the Wallops Island Range are
conceived, and for the most part designed and built, by scientists and
encgineers in the laboratories and research centers of NASA, other Government
agencies, colleges and universities, and the worldwide scientific community.

In addition to supporting the rocket-propelled experiments, Wallops uses
its facilities for many other research projects, such as space component
tests utilizing helicopter or aircraft drops; slow speed landing techniques
for jet aircraft; anti-skid tests on grooved runways; noise abatement; and
laser and radar tracking of aircraft and satellites. A sizeable portion of
Wallops effort is devoted to NASA's program of international cooperation in
space research. More than 50 countries have sent representatives to observe
operations and procedures. Wallops has assisted 17 of these countries with
training of personnel, activation of their launch sites, or launcling their
experiments. Another important element of the Wallops research program is
the four-stage Scout vehicle, capable of performing a variety of missions,
including the launching of small satellites, high altitude probes, and
atmospheric reantrv tests. Wallops' mission also includes management of
several NASA s»oonsored projcects, such as the Orbiting Frog Otolith (OF0)
project: the Experimental Inter-American lMeteorological Rocket Network
(EXAMETNET) ; a Bio-Space Technology Training Program for bioscientists; and
implementation of remote site launching and tracking facilities, including
a mobile range facility transportable anvwhere, and an Arctic laurch site at
Point Barrow, Alaska.

Wallops personnel participate in these tasks and pnerform those engineering
functions necessary to design and establish ground facilities and instrumen-
tation svstems compatible with test requirements. However, the primarv
mission of Wallops Station is to prepare, assemble, and launch exrerimental
pavloads, position them correctly in space at the richt velocityv: trach
them: and acrquire meaningful data.

Tn the earlvy vears, research at Wallops was concentrated on obtaining
aerodynamic darca at transonic and low supersonic speeds, as part of the
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effort to penetrate the sound barrier of flight. Today, the facility is
obtaining scientific data about the atmosphere and the space environment
utilizing launch vehicles ranging in size from the small Arcas and Hasp
meteorological rockets to the 72-foot Scout with orbital capability. Twelve
satellites have been launched to date. Since its origin in 1945, Wallops has
launched more that 7,000 research vehicles consisting of from one to seven
stages in the quest for scientific knowledge.

Wallops Station's achievements during 1968 include: the launching of 451
sounding rockets, 1 satellite, 2 reentry measurements, and 165 test rockets;
conducting the fourth annual Bio~Space Technology Training Program; and
launching the second and third in a series of four Gravity Preference
experiments. Scout vehicle launches included the Explorer XXXVIT satellite,
Reentry F and RAM C-B. Seventy foreign nationals representing 15 countries
visited the installation to observe its operations or seek assistance in
establishing a sounding rocket facility of their own. The preliminaryv design
rhase of the OF0 project has becen comnleted. This project will provide data
on frog's balance mechanism under weightlessness and repeated acceleration
while in orbit. Several aeronautical projects were either initiated or
continued, such as the anti-skid tests on grooved runways, noise abatement,
the Gemini V/STOL tests, and the paraglider tests. A new Federal Job Infor-
mation Center was opened to provide service for residents of Virginia's
Eastern Shore who are rather isolated from areas where jobs are more plentiful.

DESCRIPTION:

Wallops Station includes three separate areas on the Atlantic coast of
Virginia's eastern shore: the main base (formerly Chincoteaque Naval Air
Station), the Wallops Island launching site and the Wallops mainland. The
administrative offices, the range control center, support shops and the main
telemetry buildings are located on the main base. Wallops Island is about
seven miles southeast of the main base and is connected to the mainland by
a causewav and bridge. The island is about five miles long and its widest
point is only one-half mile. Located on the island are rocket storage
buildings, blockhouses, assemblv shons and the launch sites. The Wallops
mainland is a one-half mile strip west of the island and houses the radar
and optical tracking sites. An additional Wallops holding is the Fastville
tracking site located about 50 miles south of Wallops Station.

Wallops Station, totaling 6,561 acres, consists of 2,313 acres on the main
base: 3,000 acres on Wallops Island., 108 acres on the mainland tracking site,
and 1,140 acres of unusuable marsh land. The Fastville tracking site consists
of an additional 53 acres of government-owned propertv. The total capital
investment as of June 30, 19268, including off--site holdings was $103,388,000.
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SUMMARY OF RESOURCES REQUIREMENTS:

Authorized permanent positions,
end of year........ cesseseanes
Research and Program Management.,

1968

494
$8,768

(Dollars in Thousands)

1969

488
$9,020

1970

488
$9,029
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RESEARCH AND PROGRAM MANAGEMENT

FISCAL YEAR 1970 ESTIMATES

AMES RESEARCH CENTER

MISSION:

The programs at the Ames Research Center are directed at research and
development in the areas of aircraft and spacecraft technology as well as
application to national needs of the new science and technology growing out
of the aerospace program., In carrying out this mission, the Center works
closely with the aerospace and educational communities in an effort to take
full advantage of the nation's manpower capabilities. More specifically,
Ames Research Center has, in addition to the traditional research mission
in the physical sciences, a major research responsibility in the life and
space sciences, flight project management responsibility, and the operational
responsibility for the NASA Convair 990 aircraft to conduct airborne scientific
experiments.

In the current and budget years, this installation has flight project
management responsibility for the Pioneer and Biosatellite projects. Pioneer
provides scientific observations of phenomena in interplanetary space from an
unmanned spacecraft, and the Biosatellite project explores the blological
effects of the space environment on primates and other earth organisms.

Research in the physical sciences includes studies in atmosphere entry
and environmental physics, guidance and control systems, and aeronautics.
The work in entry and environmental physics includes basic studies of the
physics of high-temperature gases, the stability, control, and performance
of a wide range of spacecraft configurations, and of materials and structures
for spacecraft. In 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 and Venus
entry vehicles, and the design of ballistic missiles.

The work in guidance and control systems is broad in nature and is appli-
cable to manned and unmanned spacecraft, as well as aircraft. Current
emphasis in guidance systems is directed mainly at current and follow-on
manned missions. This includes an intensive theoretical and experimental
effort in the areas of midcourse navigation and terminal guidance with a
smaller effort directed at studies involving lunar approach, lunar landing,
and rendezvous. The research in control systems is directed at examining
various techniques applicable to unmanned satellites and probes and techniques
applicable to vertical and short take-off (V/STOL) aircraft, the supersonic
transport, and manned spacecraft.
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The research program in aeronautics is directed at fundamental studies in
aerodynamics, propulsion and operating problems associated with supersonic
aircraft with particular emphasis on the supersonic transport, a wide variety
of V/STOL vehicles, and hypersonic research aircraft. This includes studies
of piloting problems with numerous fixed~base, moving-base, and flight simu-
lators.

Research in the space sciences includes studies in the field of solar
physics, planetary environments, and geophysics. This includes ground based
and sounding rocket experiments as well as experiments requiring specialized
instruments aboard satellites and space probes. The work covers studies per-
taining to magnetic fields and plasmas in space, studies to determine the
composition and structure of planets and of planetary and stellar atmospheres,
and studies of cratering mechanics in natural materials to aid in understand-
ing the structure of lunar surfaces.

Research in the life sciences is conducted in three major areas: (1) basic
research 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, including
man; (2) studies in exobiology oriented towards the prediction, detection,
and study of extraterrestrial fossils, chemicals, and life forms; and (3)
research in long-term advanced life support systems and in the human factors
aspects of the relationships between man and the machines which will transport
and support him during lunar and planetary exploration.

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. Its 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, entry-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 Ames Research
Center occupies about 365 acres of land. Certain other facilities, such as
the utilities and airfield runways, are used jointly by NASA and the Navy.
The total capital investment of the Ames Research Center, including work in
progress and contractor-held facilities, as of June 30, 1968, was $226,711,000.

SUMMARY OF RESOURCES REQUIREMENTS:

(Dollars in Thousands)

1968 1969 1970
Authorized permanent positions,
end of year....oceesnentenncnncancns 2,083 1,974 1,956
Research and Program Management....... $33,781 $34,036 $34,050
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RESEARCH AND PROGRAM MANAGEMENT
FISCAL YEAR 1970 ESTIMATES

FLECTRONICS_RESEARCH CENTER

MISSTON:

The missjon of the Flectronics Research Center is to increase the nation's
capability in space by providing the knowledge and advanced technology needed
to improve performance and reliability of space and aeronautical electronic
systems and components. The Center meets this responsibilityv in two principal
ways:

First, the Center organizes, manages, and conducts a comprehensive »rogram
of basic and applied aerospace electronics research to: (a) investigate
concepts and techniques that will provide the technological foundation for
the development of electronic equipment of reduced weight, size, power drain,
and complexity, able to operate for long periods of time in the temperatures,
radiation, vacuum, and other conditions of aerospace flight environment; (b)
investigate concepts and techniques, establish performance characteristics,
test procedures, and specifications for aerospace electronic components and
techniques that will make aerospace electronics equipment inherently more
reliable; and (c¢) devise new electronic concepts and techniques and prove
their feasibilitv both analvtically and experimentally, leading to aerospace
electronic equipment with performance characteristics far bevond those of today.

Second, the Center provides a focal point for national aerospace electronics
research, coordinating nationwide research efforts and sponsoring electronics
research conducted bv industrv, universities, and private institutions. 1In
this capacity, the Center: (a) responds to the needs of specific aernspace
programs and projects for new electronic techniques, conceots, and devices,
and helps shape future electronics research to resolve anticipated problems
in these programs; (b) distributes knowledge about basic and applied research
on aerospace electronics within NASA and also to industry, universities, and
other members of the scientific and engineering communitv: and (c) provides
to NASA programs and projects aerosnace electronic scientists and engineers
who are fully knowledgeable in the electronics state-of-the-art.

Electronics research being managed and conducted by the Center during FY
1969 and FY 1970 is largely contracted with industry and universities and is
focused in the following areas:

1. Aerospace electronics materials and components.

2. Guidance and navigation of space vehicles, aircraft, and the supporting
ground based equipment.

3. Space vehicle and aircraft control, stabilization and information
systems.
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4. Flectronics system simulation, analvsis, evaluation, and integration
in the fields of guidance, control. navigation, tracking, communication
and instrumentation.

5. Flectrical and electronic power conditioning and distribution.
6. Bioelectronics.

7. Space and ground based computers, computing systems, and instrumentation
technology.

8. Solid state phvsics, microwave propagation, microwave communications,
and transmitting and receiving phenomena.

9. Optical communications.
10. Astrophysical measurements.

An in-house research cffort is being conducted by the Center staff on those
tasks offering great promise for aerospace electronics technology and on those
problems requiring first-band experience on the part of the Center persconnel in
order to contract, monitor, and evaluate related research with industry and
universities.

DESCRIPTION:

The Flectronics Pesearch Center is being constructed on a tract in the
Kendall Square area of Cambridge, Mass. The site, one and a half miles west
of the center of Boston, Massachusetts, is immediately north of the Massachu-
setts Institute of Technologv and one and a half miles from Harvard University.
The tract is bounded on the north bv Binney Street, on the south by Broadway,
on the east bv Third Street, and on the west bv the Penn--Central Railroad.

The total area to be occupied at the Kendall Square site in Cambridge is 24.3
acres, of which 8.8 acres have heen acquired. The total capital investment
as of June 30, 1968, was $20,157,000.

SUMMARY OF RESOURCES RENUIREMENTS :

(Dollars in Thousands)

1968 1969 1970

Authorized permanent positions,
end of vear.....eviviiennenann 794 344 900
Research and Program “anagement. $15,352 $17,237 $18.566
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RESEARCH AND PROGRAM MANAGEMENT
FISCAL YEAR 1970 ESTIMATES

FLIGHT RESEARCH CENTER

MISSION:

The Flight Research Center, established in 1947, conducts aeronautical and
space research within and outside the atmosphere. The work includes effort
on problems of take-off, landing, low-speed flights, supersonic and hypersonic
flight, and re-entry to verify predicted characteristics and to identify un-
expected problems in actual flight.

The current and projected programs at this Center include: aeronautical
projects concerning general aviation and subsonic and supersonic transport
research; space vehicle systems projects in which the flight behavior of ad-
vanced re-entry vehicles including M2-F2, HL-10, and X-24A heavy weight
lifting bodies is studied:; and electronic systems projects such as display,
guidance, and control in advanced flight missions and improvements on systems
and sensors used in biomedical monitoring, tracking, and data acquisirion.

Most important of the facilities and special equipment for conducting pro-
grams at the Flight Research Center arc the aircraft. They range from general
aviation aircraft for handling qualities investigations to supersonic air-
craft used for various research investigations having application to both civil
and military aviation. Special purpose vehicles such as lifting bodies,
variable stability aircraft, or 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 pro-
ductive flight activities. A two-station radar for tracking and data
acquisition is operated to support the flight activity.

DESCRIPTION:

The Flight Research Center, Edwards, California, is 65 air miles northeast
of Los Angeles. The Center is located at the north end of FEdwards Air Force
Base on 218 acres of land used under a permit from the Department of rhe Air
Force. Utilities are provided by the Air Force on a reimbursable basis. 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 adjoining
shops, a flight maintenance hangar and a calibration hangar, and a hiph tempera-
ture loads calibrations facility. Auxiliary buildings include warehouses,
an auxiliary power systems building, and a communications building. The main
station of the two~-station radar range operated by the Center is located on
the third floor of the 0Office-laboratory building. The total capital invest-
ment of the Flight Research Center, including work in progress and contractor-

held facilities, as of June 30, 1968, is $42,819,000.
EPM 29



SUMMARY OF RESOURCES REOUIREMENTS :

(Dollars in Thousands)

1968 1969, 1970

Authorized permanent positions,
end of year.....eeeeveoneccnons 566 539 534
Research and Program Management. $9,469 $9,680 $9,615



RESEARCH AND PROGRAM MANAGEMENT
FISCAL YEAR 1970 ESTIMATES

LANGLEY RESEARCH CENTER

MISSTON:

The mission of the Langley Research Center is to provide the advanced
technology necessary for the development of civil and military aircraft
having improved performance, utility and safety, and for the furtherance of
space flight programs.

The Center's aeronautical research program is directed toward general
aviation, V/STOL, subsonic jet transports, supersonic and hypersonic aircraft
and uses both ground based and flight techniques. 1In high speed aerodynamics
research major emphasis is given to generating, developing and refining air-
craft configurations which maximize flight efficiency at all operating speeds.
The supercritical wing for subsonic aircraft, and the fixed and variable plan-
form wings for supersonic flight represent major efforts in this area. 1In
the field of hypersonic research, work on vehicle configurations, efficient
integration of advanced propulsion systems and demonstration of the
technology for practical hypersonic ramjet aircraft propulsion systems is
progressing. Current research on aircraft noise alleviation includes studying
in detail the basic nature of propulsion system sound generation and propa-
gation, operating procedures, and the effects of noise on man; and developing
aircraft configuration features to minimize sonic boom effects.

A substantial portion of the Center's skills and resources is devcted to
advancing national space flight programs. Vigorous research is under way to
expose new opportunities for important progress in understanding and using the
space environment; to evolve systems and operating concepts for achieving
advanced space mission capabhilities; and to assess the effectiveness, tech-
nical feasibility, and resource requirements of alternate approaches. Research
is also under way to develop advanced design, construction, and operations
technology for the optimum definition and successful achievement of national
space flight goals. Langlev manages and supports a number of these space
flight projects.

The responsibility for managing the 1973 Mars mission (Viking), a major
national space effort, has been assigned to the Center. The objectives are
to obtain scientific data increasing our knowledge of both the Mars
atmosphere and surface by means of an orbiter and surface lander. Particular
emphasis will be placed on obtaining information relevant to life on the
planet and the capability of the environment to support life.

The l.angley Research Center has developed research teams in the technical
areas of: aerodynamics, stability and control, airworthiness, fluid physics,

flight environments, vehicle loading, structures and structural dvnamics,
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materials, energy conversion, navigation and control ¢ communications, data
sensing and handling, operational problems, crew performance and vehicular
accommodations, life support, systems integration, flight operations, and
air-breathing propulsion.

To support an effective attack on crucial flight problems, the Center's
staff has developed and utilizes a unique comnlex of powerful research tools
and techniques. These include a wide arrav of wind tunnel (continuous and
intermittent) facilities for investigations of fluid flow phenomena and
configuration characteristics; environmental test facilities for preflight
determination of the reaction of flight svstems and materials; flicht
simulators for the optimization of vehicle desion reauirements, and of
operational techniques for comnlex mannced missions invelving navieation,
rendezvous and dual vehicle maneuvering, extraterrecstrial landings and
surface overations: specialized laboratories for the development and evalua-
tion of advanced life support systems, guidance and control components, pro-
pulsion and energv conversion devices, structures and materials, data sensors
and processing cauimment, and communications elements for future flicht
applications: and noverful analytical computing capabilities. TFor explora-
tion and definition of an actual flight environment, Langley has pioncered in
flight research using drop-test and free-flight models, rocket-provelled
flight svstems, satellites, and other space vehicles.

DESCRIPTION:

The lLanglev Pesearch Center, Hampton, Virginia, is located approximately
100 air miles south of Washington, D.C. The Center occupies 773 acres of
Government-ovned land, divided into two areas by the runway facilities of
Langley Air Force Base. The West Area consists of 750 acres, 430 owvmed by
NASA and 320 under permit from the Air Force.. The Fast Area comprises 23
acres under Air Force permit. PRunwvavs, some utilities, and certain other
facilities are used jointlv by NASA and the Air Force. 1In addition, there
are 110 acres of NASA-owned land located in the City of Newport News, Virginia,
3,277 acres under permit from other Covernment agencies, and 9 acres under
lease. The total acreage presently ovned. under permit or leased, is 4,169,
The total capital investment including fixed assets in procress. and contractor-
held facilities at various locations, as of June 30, 1968, was $358,608,000.

SUMMARY OF RESOURCES RFQUIREMENTS :

(Dollars in Thousands)

1968 1969 1970

Authorized permanent positions,
end of vear....evieveereneanns 4,037 3,885 3,849
Research and Program Management. $62,213 $62,947 $63,308
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RESEARCH AND PROGRAM MANAGEMENT
FISCAL YEAR 1970 ESTIMATES

LEWIS RESEARCH CENTER

MISSION:

The Lewis Research Center's principal mission is research and development
in the areas of aircraft and spacecraft propulsion, and power generation’
systems for spacecraft.

The Center's emphasis is predominantly research; however, the entire
spectrum of activities is undertaken going from basic research to applied
research to development. The scope of research ranges from work on individual
components through complete systems.

Most of the critical areas which limit the performance of engines and power
systems are the subjects of in-house research effort at this Center. Research
by commercial and university laboratories is also conducted under contracts
directed by Lewis Research Center personnel.

Several large launch vehicle and power generation development programs are
assigned here. The Centaur, Atlas, and Agena launch vehicle programs are
under this Center's supervision and tentative plans are underway for handling
the Titan vehicle. The SNAP-8 nuclear powered electric generating system and
SERT (Space Electric Rocket Test) contracts are directed, and there is also
considerable supporting in-house research effort on these projects. New
projects in their early phases include the development of a Quiet Engilne
(turbo-fan jet) and improved hydrogen-oxygen burning rocket engines.

Our research and development activities cover many technical fields. Some
examples of major activity are discussed in the following paragraphs:

It 18 expected that engines for future supersonic planes will be of a
turbo-fan design incorporating high bypass ratios, high compressor pressure
ratios and high turbine inlet temperatures. A large part of the research
effort at Lewis is aimed directly at solving the problems that limit the
development of engines for supersonic flight. Among these research efforts
are: slotted compressor blades to increase pressure ratio per stage, cooled
turbine blades, high speed bearings, air inlets, exhaust nozzles, combustor
configurations, higher energy fuels, and fuel tank fire hazard evaluations.

A large addition to the Propulsion Systems Laboratory is being built to test
full scale engines for supersonic airplanes.

The problems of the Supersonic Combustion Ramjet engine for hypersonic
flight speeds up to Mach 7 are being studied in existing facilities, and
construction of a new facility is underway at Plum Brook to extend the effort
to engines of practical size.
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At the lower end of the speed scale, the effects of cross flow on high
pressure ratio lift fans for V/STOL aircraft are being investigated in the
return passage of the 8-by-6-~Foot Supersonic Wind Tunnel.

Contributions to rocket technology continue to flow from Lewis. Relatively
small scale chemical rockets are used to study the problems of combustion
instability, fuel-oxidant mixing, regenerative cooling of nozzles, ablative
nozzles, and nozzle insulating coatings.

Propellant management svstems for Centaur, Saturn S-IV and the Apollo
Service Module vehicles were studied and their designs were based on data
obtained in the Lewis Zero Gravity facilities. Current research includes
studies of in-orbit propellant transfer, propellant re-orientation and slosh
dynamics.

A full-scale Centaur vehicle will be installed in the Spacecraft Propulsion
Research Facility early in 1969. This vehicle will be equipped with a proto-
type tank pressurizing system replacing the current pump system for feeding
the propellants to the engine.

Flectric rockets for deep space propulsion have benefited greatly from the
work in the Electric Propulsion Pesearch Building and the newer Electric
Propulsion Laboratorv. These buildings contain manv large vacuum tanks where
the space environment essential to electric propulsion research is approximated.

Many devices for power generation in space are being studied. The solar
cell converts sunlight directly into electricity. Batteries and fuel cells
convert stored chemicals into electricity. For a large and sustained power
supply, however, an adaptation of the familiar turbine driven generator seems
most practical. To achieve the tremendous weight reduction necessary means
many years of intensive research and develovpment. Instead of steam, the
turbines will be driven by liquid metal vapor (Rankine cycle) or by heated
gas (Brayton cycle). The only way to reject the waste heat 1s by direct
radiation to space, so very large radiators will be required. High rotative
speeds will reduce weight, but call for new designs of compressors, turbines,
bearings and electric generators. The heat source may be either a nuclear
reactor, or the sun's rays concentrated by a large concave mirror. A 20-foot
flight weight mirror has been assembled at the Lewis Research Center.

Various problems in connection with the development of nuclear power
systems and nuclear rockets are conducted at Plum Brook. A 60-megawatt
thermal reactor facility is used to determine the effects of radiation on
materials, on various electronic, hydraulic, and mechanical control systems,
and on items of equipment.

A 28-million dollar Space Power Facility will be placed in operation at

Plum Brook where nuclear powered electric generating systems will be operated
under simulated space environment conditions for long periods of time.
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Another type of electric generator and another source of energy are more
distant prospects. A stream of ionized plasma flowing through a coil will
generate electricity in that coil (magnetohydrodynamics). The success of
this effort and of related activities depends largely on the development of
superconducting electric magnets. The Lewis Research Center has been a leader
in this field, and has constructed a magnet with a field of 140,000 gauss over
a six-inch bore.

The performance of propulsion and power generation systems, launch
vehicles, spacecraft, and practically all hardware is paced by physical
limitations of available materials. The Center has maintained a substantial
materials research effort aimed at raising these limitations and improving
component and system performance. Our activity covers the entire temperature
range of materials usage going from the cryogenic temperature of liquefied
gases to the hLigh temperatures encountered in the rocket nozzles of aircraft
engine combustors and turbine wheels.

The material research includes both fundamental studies of what makes
materials strcng or weak and the development of new materials. ''Super" alloys,
corrosion resistant coatings, ultra pure tungsten, and composites made of
metal whiskers, fibers, or sintered granules are among the many products

investigated.
DESCRIPTION:

The Lewis Fesearch Center occupies two sites in north central 0Ohio. The
older one was established in 1941 on 200 acres adjacent to the Cleveland
Municipal Airport. The original area has been expanded to 364 acres, of
which 15 are leased from Cleveland for use as a parking lot. TFunds for the
purchase of these 15 acres have been appropriated. Here there are over 90
buildings, including two large supersonic wind tunnels, two zero-gravity
research facilities (free-drop shafts, one of which is an underground
evacuated shaft 477 feet deep in which zero gravity durations of about 10
seconds are obtained), a large Propulsion Systems Laboratory in which full-
scale engines are operated under simulated high altitude conditions, three
rocket laboratories, three materials research buildings, eighteen majcr space
simulaticn facilities ranging from four to thirty feet in diameter, a 50-foot
diameter Space Power Chamber 120 feet long in which altitudes up to 1(0,000
feet are simulated, an Energy Conversion Laboratory, an Instrument Research
Laboratory, a High Inergy Fuels Laboratory, a Chemistry Laboratory, an Engine
Research Building containing 64 test cells and covering nearly four acres,
four office btuildings, machine shops and other service buildings.

A newer site, established in 1956, is located south of Sandusky, Olio,
about 50 miles west of Cleveland on land formerly occupied by the Plum Brook
Ordnance Works. Known as the Plum Brook Station, it occupies 5,981 acres
owned by the Government. Funds for the purchase of additional land tc serve
as a buffer zone around the present site have been appropriated. There are
over 200 buildings on this site, 55 built by the NASA and the rest by the
former tenants. The major facilities include a Reactor Facility, an Altitude
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Rocket Test Facility, a Cryogenic Propellant Research Facility, a Heat Transfer
Facility, a Spacecraft Dynamics Research Facility, a Rocket Pump Laboratory,
a Rocket Turbine Laboratory, a Rocket Turbo-pump Laboratory, a Rocket Systems
Hydraulic Laboratory, a Fluorine Pump Laboratory and a temporary site for
testing rockets at sea-level conditions. A Spacecraft Propulsion Research
Facility is nearing completion to test the ignition and operation of space-
craft propulsion systems after a period of soaking in a space environment.
Also nearing completion is the Space Power Facility for testing full-scale
nuclear powered electric generating systems. The research programs at Plum
Brook are under the technical direction of personnel located at Cleveland.
They are conducted at the larger site because of the need for large separa-
tion distances to minimize hazards. The total capital investment of the
Lewis Research Center, including fixed assets in progress and contractor-held
facilities at various locations, as of June 30, 1968 was $385,733,000, of
which $107,901,000 represents facilities located at the Plum Brook Station.

SUMMARY OF RESOURCES REQUIREMENTS:

(Dollars in Thousands)

1968 1969 1970

Authorized permanent positions,
end Of year.,veeeeevevenrnccasncansse 4,452 4,235 4,195
Research and Program Management....... $66,222 $67,845 $68,061
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RESEARCH AND PROGRAM MANAGFMENT
FISCAL YEAR 1970 ESTIMATES

SPACF_ NUCLFAR PROPULSION OFFICE

MISSTON:

The mission of the Space Nuclear Propulsion Office is to provide rocket
propulsion svstems for application to advanced orbital, lunar ancd planetary
missions. 1In the conduct of this role, the nrimary obiective is the develop-
ment of a nuclear engine (NERVA) through Pre-Flight-Rating-Tests (PFR?T) having
a specific impulse of approximately 825 seconds and a thrust of zpproximately
75,000 pounds (mquivalent to a reactor powver of about 1,500 megawatts).

In addition to NFRVA development, work includes effort to advance the tech-
nology of nuclear rocketrv, and in particular specific impulse, duration and
reactor recvcling capabilitv. Fffort is also directed toward the development
of vehicle technologv, radiation effects studies, and studies to enhance the
reliability of nuclear rocket components.

DESCRIPTION:

The Nuclear Rocket program is a joint AEC-NASA undertaking. To ensiure an
integrated program, the Space Nuclear Pronulsion Office, establicshed by an
interagency azreement between NASA and the Atomic Energv Commission, manages
all aspects of the program.

The Space Nuclear Pronulsion Office consists of a lleadquarters off-ice located
at Cermantown, llarvland, and three field extensions located in Ohio, llew Mexico,
and Nevada. At the Nevada location, the Nuclear Rocket Development Station
(NRDS) was eszablished to provide a site for ground static testing of the
reactors, engines, and eventuallv, vehicles associated with nuclear rocket
development.

The Nuclear Rocket Development Station consists of an approximately 78,000-
acre site owvned bv the Atomic Inecrgv Commission. aprroximatelv 90 miles north-
west of las Vegas, Nevada. The total carital investment of NASA--funded
facilities, including fixed assets in progress and contractor-held facilities,
as of June 30, 1968, is $49,852,000,

SIMITARY OF RESOURCES REOUTPENTNTS :

(Dollars in Thousands)

1968 __1969 L4870
Authorized permanent positiouns,
end of vear. ... .. ittt 108 100 a9
Research and Program Management....... 2,022 42,179 52,000
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RESEARCH AND PROGRAM MANAGEMENT
*

FISCAL YEAR 1970 ESTIMATES

NASA HEADQUARTERS

The mission of the National Aeronautics and Svpace Administraticn Headquarters
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 principal statutorv func-
tions 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 resecarch 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 observations.

4. To provide for the widest practicable and appropriate dissemina-
tion of information concerning its activities and the results
thereof.

The following offices at Headaquarters assist management in carrving out the
technical aspects of this mission:

Office of Manned Space Flipght - Responsible for all NASA activities
directly involving manned space flight missfions. Programs include:

Apollo - To provide a broad national capability for manned space
exploration, including earth orbital, lunar orbital, and lunar
surface operations, and to achieve the specific objective of
manned lunar landing and return within this decade;

Space Flight Operations - To expand the participation and capa-
bilities of men in scientific, technological and applied obser-
vations in space through earth orbital flights of increasing
duration and complexity, initiallv using Saturn IB launch vehicles,
modified Apollo spacecraft, the Saturn I Workshop, and the Apolln
Telescope Mount and progressing to an orbital space station.
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Advanced Missions - To plan a broad program of explorations which

will achieve and maintain a position of space leadership for the
United States.

The Office of Manned Space Flight has launch responsibility for all major
manned and unmanned missions utilizing the three installations primarily con-
cerned with the manned space flight programs. These installations are: the
George C. Marshall Space Flisht Center. including Mississippi Test TFacility,
Michoud Assemblv Facility, and Slidell where a computer facilitv is located;
the Manned Spacecraft Center, including NASA activities at the White Sands Test
Facility: and the John F. Kennedy Space Center, NASA, including NASA activities
at the Eastern and Western Test Ranges.

Office of Space Science and Aprlications - Responsible for the NASA auto-
mated space flight program directed toward scientific investigations of the
earth, moon, sun, planets, and interplanetarv space utilizing ground based,
airborne, and space techniques such as sounding rockets, earth satellites, and
deep space protes; for scientific experiments to be conducted by man in space
and for assisting in the selection and training of astronaut-scientists; for
the research and development of space flight applications in such areas as
meteorology, communications, navigation, geodesy, and earth resources surveys,
and for the support of operational systems using these developments; and for
the development, procurement and use of light and medium class launch vehicles,
such as Centaur.

The Office of Space Science and Aoplications has an overall institutional
responsibility for those NASA installations primarily involved in space science
and applications programs. These are the Goddard Space Flight Center, Wallops
Station, the Jet Pronulsion Laboratorv (a Government-owned facilitv operated
for NASA bv the California TInstitute of Technologv), and the NASA Pasadena
Office, a component field activitv of Headquarters.

Office of Advanced Pesearch and Technology - Resronsible for the planning,
direction, execution, evaluation, documentation. and dissemination of the
results of all NASA research and technology programs which are conducted
primarily to demonstrate the feasibilitv of a concept, structure, component,
or system which mav have general apnlication to the nation's aeronautical
and space objectives. This office is also responsible for coordinatine NASA's
total program of supporting research and technology related to carrying out
the specific flight missions in order to avoid unnecessarv duplication and
to insure an integrated and balanced agency research program.

In addition, this office has over-all institutional responsibilitv for the
research centers primarilv involved in carrvine out NASA's advanced research
programs. These installations are: the Ames Research Center, the Electronics
Research Center, the Flight Research Center, the Langley Research Center, the
Lewis Research Center, and the Srmace Nuclear Propulsion Office.
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Office of Tracking and Data Acquisition - Responsible for the development,
implementation, and operation of tracking, data acquisition, communications,
and data processing facilities, systems, and services required for NASA flight
missions. This office is also responsible for agency-wide coordinaticn of the
management of automatic data processing systems and services. In addition,
this office provides for centralized planning and systems management for the
administrative communications at NASA installatioms.

The NASA Pasadena Office ~ Pasadena, California, is a component field
activity of the NASA Headquarters Office of Space Science and Applications.
Its responsibilities are to negotiate and administer NASA contracts with the
California Institute of Technology for the operation of the Jet Propulsion
Laboratory; provide patent and technology utilization services as they relate
to prime and subcontracts at the Jet Propulsion Laboratory; and perform such
additional procurement, contract administration, public affairs, communicatiomns,
financial management, and other functions as may be assigned by the Associate
Administrator for Space Scicnce and Applications.

DESCRIPTION:

The NASA Headquarters is located at 400 Maryland Avenue, S.W., Waslington,
D.C., and also occupies other buildings in the District of Columbia and near-
by Virginia. Except for some office space leased in the District of (olumbia
and a storage area in Virginia, personnel occupy Government-owned buildings.
The NASA Pasadena Office is physically located at the Jet Propulsion
Laboratory in Pasadena, California.

SUMMARY OF RESOURCES REQUIREMENTS:

(Dollars in Thousands)

1968 1969 1970

Authorized Permanent Positions,
end of year...vieversvecnannns 2,154 2,152 2,132
Research and Program llanagement. $58,063 $59,799 $59,797
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

NS

TATLATION

(In millions of dollars)

Research and Program
Installation Research and Development Construction of Facilities Management Total
1968 1969 1970 1968 1969 1970 1968 1969 1970 1968 1969 1970
John F. Kennedy Space Center, NASA..... 374.1 388.2 344.9 21.6 9.0 12.5 93.1 97.7 97.5 488.8 494.9 454.9
Manned Spacecraft Center.......ooeveves 1,231.1 1,088.5 942.6 .8 1.3 1.7 95.7 98.0 97.7 1,327.6 1,187.8 1,042.0
Marshall Space Flight Center........... 1,169.8 682.2 706.1 .8 - - 126.2 116.4 112.2 1,296.8 798.6 818.3
Michoud Assembly Facility............ - - - 4 4 - - - - N N -
Goddard Space Flight Center............ 435.0 416.4 462.4 .6 - .7 68.3 73.5 79.0 503.9 489.9 542.1
Wallops Station.....ceeeeceencosnscsans 7.4 8.3 7.4 .7 .3 .5 8.8 9.0 9.0 16.9 17.6 16.9
Jet Propulsion Laboratory...eoeceeceses 196.0 133.9 157.4 1.9 - - - - - 197.9 133.9 157.4
Ames Research Center.....cceeoervaesoes 66.0 53.6 67.8 3.2 A - 33.8 34,0 34.1 103.0 88.0 101.9
Electronics Research Center......c.ee.e. 26.8 24,1 25.5 - - 8.1 15.4 17.2 18.6 42.2 41.3 52.2
Flight Research Center...ececesencessae 23.5 18.9 13.3 - - - 9.5 9.7 9.6 33.0 28.6 22.9
Langley Research Center...veveevesceses 84.0 74.6 103.6 - - 4.8 62.2 63.0 63.3 146.2 137.6 171.7
Lewis Research Center...eseeecsvesrecsns 134.9 119.0 137.4 2.1 - - 66.2 67.8 68.1 203.2 186.8 205.5
Space Nuclear Propulsion Office..veee.s 50.4 30.1 32.8 - - - 2.0 2.2 2.0 52.4 32.3 34.8
NASA Headquarters:
Headquarters..cceeeeesecssosencsocases 160.9 152.1 164.1 - - - 58.1 59.8 59.8 219.0 211.9 223.9
NASA Pasadena Office.....ecocevenenns 7.1 3.6 3.6 - - - - - - 7.1 3.6 3.6
Various Locations.....ceeeeveesvecccnos - - - - 23.3 26.4 - - - - 23.3 26.4
Facility Planning and Desigh........... - - - Y 1.0 3.5 - - - 1.4 1.0 3.5
Total Budget Plan.........c.eonevee..| 3.967.0 3,193.5 3,168.9 33.5 35.7 58.2 639.3 648.3 650.9 4,639.8 3,877.5 3,878.0
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NATIONAL AZRONAUTICS AND SPACE ADMINISTRATION

PISCAL YRAR 1970 ESTIMATES

DISTRIBUTION OF RESTARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND PISCAL YRAR

(Thousands of dollars)

J. F. Kennedy Manned Marshall Goddard Jet Amss Electronics  Flight Langlay Lewis Spece Nuclear WASA
PROGRAM OFFICE Space Center Spacecraft Space Flight Space Flight Propulsion Wallops Resesrch | { srch Ressarch Respsarch Propulsion WASA Pasadens
TOTAL RASA Center Centar Center Laboratory §Station Center Center Ceuter Center Center Office Beadquarters  Office
Office of Manned Space Flight
1968, i0uivcieroanannannsen 2,809,230 369,428 1,220,304 1,151,560 587 1,108 191 867 1,986 2,095 61,104 -
2,177,500 183,645 1,071,624 668,550 .- 100 === 605 === 450 32,526 ~--
2,007,700 340,400 920,800 690, 700 -=- .-- --- 800 --- .- 200 - --- 54,800 -~
Office of Space §cience and *
Applications
1968....... 332,830 4,566 6,550 1,022 223,365 118,069 1,538 40,127 3,483 24,584 74,767 53,113 1,666
1969. 438,416 4,319 11,464 1,803 197,003 59,880 1,522 28,442 3,217 15,485 58,125 56,956 ---
19700cieccecacccencncannns 338,800 4,300 14,719 1,43 231,383 80,087 1,110 38,347 3,185 --- 67,091 69,200 --- 67,835 ---
Office of University Affairs
1968. .. 00ueiiriiniiasnnans 10,000 - --- --- .- e - --- .- 10,000 ---
1969.... 9,000 - .- - .- .- . --- 9,000 .
1970, teeiniecnenntrnnanan 9,000 Ed --- .en --- --- --- --- .- had --- --- .- 9,000 ---
Qffice of Advanced Research gnd
Technology
1968, ciccavcscascncnnnans 315,022 75 4,220 16,797 9,779 24,410 712 24,960 21,348 21,543 55,65 60,150 50,400 19,575 5,399
1969, 285,171 - 5,411 11,622 9,866 23,538 790 24,569 20,850 16,965 57,299 60,864 30,080 19,718 3,599
19700 iuueecrensscranranas 290,400 --- 7,080 13,620 10,910 23,085 300 28,705 22,150 11,330 54,975 68,220 32,800 13,675 3,550
Office of Tracking and Data
Acquisition
1968, . c0iivevavasnceranas 275,850 Laid 400 201,302 52,368 5,000 b il 2,000 1,625 --- 13,153
279,672 --- 300 209,522 50,400 6,000 --- b 2,000 1,350 .-~ 10,100
298,000 - L 400 220,100 54,200 6,000 --- 200 2,000 1,300 - --- 13,800 .-
Office of Technology
Ytilizgtion
1968....000.0 4,000 .- -=- = --- === --- .- - .-- 4,000
1969... 3,800 - == b .= --- --- - .- 3,800
1970 00avaans 1,000 LLL1J ohd s i heieded bkl bl === b == === faiochd 5,000 .-~
Total Bujget Plam
1968....0000.0 3,966,952 374,069 1,231,074 1,169,779 433,033 195,953 7,441 65,95 26,817 23,343 83,938 134,917 50,400 160,947 7,063
1969. 3,193,559 388,164 1,088,499 682,275 416,391 133,918 8,312 53,616 24,067 18,965 7,584 118,989 30,080 152,100 3,399
1970 cieecvrascnsnns 20168,900 942,599 706,063 0 32,300 J.m 2,430



£ Vs

CAPITALIZED VALUE OF NASA'G FACILITIES
AS OF JUNE 20, 1968

(IN-HOUSE AND CONTRACTOR-HELD FACILITIES)
($ in thousands)

Date : January 13, 1960 . i

Other Struc- Leasehold Fixed

tures and Improve-  Plant Assets in
Reporting Tnstallation Land Buildings Facilities _iments Equipment Progress Total
OFFICE OF MANNED SPACE FLIGHT

Kennedy Space Center $ 60,516 $ 2L2,915 $ 378,948 $ - $  LL,Bos  $2ko,231 $ 967,415
Western Test Range Operation Div - - - - 2,841 - 2,8k
Va:ious Locations (ContractoreHeld) - - - - 80,254 - 80,254
Manned Spacecraft Center 5,443 125,701 26,769 - 106,758 L7, 477 212,148
White Sands Test Facility - 8,651 17,272 - L 487 1,193 31,603
Various Locations (Contractor-Held) 3,572 ok, k36 5,383 8 43,728 - 77,127
Marshall Space Flight Center 95 102,632 39,418 161 147,243 L2,352 331,901
Michoud Assembly Facility 7,502 62,212 2k, 251 - b1,3 5,097 141,400
Mississippi Test Facility 15,22k 61,394 152,625 - 2k, 846 32,363 286,k52
Slidell Computer F?,cility ) 63 4 ko6 8oL - 311 - 5,604
Various Locations (Contractor-Held 3,707 20,457 Lp 552 23 88,837 2k, 640 180,216

Total F96,100 § 653,008 § 68,0k § 192 § oB5,BM8  $393,353 $2,516,061
OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY .

Ames Research Center ] $ 2,372 $ 161,816 $ 2,382 $ - $ s2,bl;d $ 6,470 $ 225,462
Various Locations (Contractor-Held) - - - - 1,2k9 - 1,249

Electronics Research Center 1,099 1,671 9 - 13,22k L 151 20,154
Various Locations (Contractor-Held) - - - - 3 - 3
Flight Research Center - 7,627 1,900 - 32,313 960 42,800
Various Locations (Contractor-Held) - - - - 19 - 19
Langley Research Center 110 103,393 130,877 - 88,583 17,780 340,743
Various Locations (Contractor-Held) 6 15,177 25 - 2,657 - 17,865
Lewis Research Center 310 106,752 38,632 1h7 53,149 2k,632 223,622
Plum Brook Station 1,287 68,854 17,238 - 8,152 12,370 107,901
Various Locations (Contractor-Held) 99 L, 228 L, 019 8 35,583 10,273 sk, 210
Space Nuclear Propulsion Office - 19,680 5,110 - 3,770 502 29,062
Various Locations (Contractor-Held) - - 125 - 20,638 27 20,790

Total § 5,287 § k09,198 § 200,318 § 155 § 311,761 3§ 77,165 31,003,850
OFFICE OF SPACE SCIENCE AND APPLICATIONS ‘

Goddard Space Flight Center $ 1,200 $ 64,415 $ 11,12 $ 276 $° 147,888  $110,817 $ 335,738
# Tracking Stations 235 16,561 38,254 - 194,123 - 249,273
Various Locations (Contractor-Held) - 88 L 31 29,685 - 29,849

Jet Propulsion Laboratory 799 42,509 6,450 Lo8 TT,7hs - 127,911
Tracking Stations(Deep Space Networks) - 7,947 21,066 - 26,051 - 55,064
Wallops Station ) . 611 21,107 39,381 - 31,054 I, 220 9,373
various Locations (Contractor-ield) - 2,550 270 - 4,187 - 7,015

Total § 2,05 ¥ 155,185 § 116,608 § Ti5 § 510,733 &115,037 § 901,223
QTUER

Headquarters $ - 3 - % - % - % 5,132 $ - $ 5,132

Various Locations (Contractor-Held) - - - - 5,078 - 5,078
Total 3 - 3 - 5 - § - ¥ 10,210 § -3 10,210
Crend Total $104,350 $1,298,187 $1,004,968 1,062  $1,418,152  $585,555 $4 k12 27k

* Includes cepital type facilities of the MSF and STADA networke and other supporting activities including
equipment asboard ships and aircraft






RESEARCH AND PROGRAM MANAGEMENT

FISCAL YEAR 1970 ESTIMATES

JET PROPULSION LABORATORY

The Jet Propulsion Laboratory (JPL) is a Government-owned facility managed
and operated by the California Institute of Technology under a contract with
NASA. The cost of operating the Laboratory is funded from the Research and
Development appropriation, except for the lease of administrative aircraft and
the purchase of passenger motor vehicles. These costs are funded from the
Research and Program Management appropriation and are included in the NASA
Headquarters budget presentation. The Research and Program Management type
costs are presented for information only and are not a part of the NASA
Research and Program Management budget.

MISSION:

The Jet Propulsion Laboratory performs a variety of engineering, scilentific
and management missions including:

1. Project management of complete automated spacecraft systems for lunar
and planetary exploration.

2. Operation of the Deep Space Network including tracking and data
acquisition activities required by lunar and planetary flights,
as well as backup to the Manned Space Flight Network.

3. A continuing program of supporting research and technology.
DESCRIPTION:

The Jet Propulsion Laboratory is located in Pasadena, California, approxi-
mately 20 miles north of downtown Los Angeles. Subsidiary facilities are
located at Goldstone, California (tracking and data acquisition), Edwards
Air Force Base, Muroc, California (solid propellant formulation and testing),
and Table Mountain, California (open air testing and astronomy).

At Pasadena, the Laboratory occupies 175.9 acres of land of which 145.9
acres are owned bv NASA and 30 acres are leased. At Goldstone, facilities
are located on land occupied under permit from the Army. At Edwards Alr Force
Base, facilities are located on land occupied under permit from the Air Force.
The facilities at Table Mountain are located on land occupied under permit
from the Forest Service of the Department of Agriculture. The capital
investment of the Jet Propulsion Laboratory, including the Deep Space Wetwork
and contractor-held facilijities, as of June 30, 1968, was $182,975,000.
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SUMMARY OF RESOURCES REQUIREMENTS:

(Dollars in Thousands)

1968 1969 1970
Authorized permanent positions,
end of year......ciiiivecnncnccenns 4,150 3,990 4,370
Research and Program Management
CYPE COSES.viverrrvnnsenonasoassnses $76,265 $73,317 $80,081

SA 6



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 ESTIMATES

CONSOLIDATED SUMMARY

FOR AIRCRAFT TECHNOLOGY

(Dollars in Millioms)

1968 1969 1970

OFFICE OF ADVANCED RESEARCH
AND TIECHNOLOGY

Research and Development:

Aeronautical VehicleS...veeeeeaeoeesssenoonnas $66.8 $74.9 $78.9
Electronics SysStemS...ccceeecaceccescsossncncss 7.8 11.1 12.3
Human Factor SyStemS..cccececceoccccsccasanncs 2.5 3.0 3.0
Basic Research...iceeccecsecccenncsaossscanncns 4.3 5.9 6.5
SUDtOtAl. i ioriecavessenseasesenesccssocnnnnsse 81l.4 94.9 100.7
Research and Program Management :
Support of Aeronautical Vehicles
PrOgram. . .cvsveeceossossassccssascssssnasscosnns 51.7 55.3 56.0
Construction of FacilitieS.....ceeeveceseecscess 3.2 - 4.8
SUDLOLAl..eeeeeraseaecnscsosanssconnnssnsss $136.3 $150.2 3161.5
Research and Program Management ;
Supporting Electronics, Human
Factors and Basic Research
Aircraft Technology Effort..........cciecveen 21.0 22.7 25.7
TOtAleeeeeeeeoeoasessoseoossssonnannneasoceas $157.3 $172.9 3187.2
Number of direct positions associated
with Aeronautical Vehicles Program............ 2,278 2,302 2,307
Number of direct positions related to
Electronics, Human Factors and Basic
Research Programs supporting Aircraft
Technology effort....cceoceeenecnccncssoassancs 948 908 1,026
Total Direct Positions....ceceeveeccnccances 3,226 3,210 3,333
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 ESTIMATES

SUPPORTING RESEARCH AND TECHNOLOGY
(In thousands of dollars)

1968 1969 1970

OFFICE OF SPACE SCIENCE AND

APPLICATIONS.  eveevresssnsccnnnan $76,476 $74,000 $82,000

Physics and astronomy.......csae. 22,904 19,900 19,600

Lunar and planetary exploration 19,800 20,600 24,600

Bioscience.ccveienereen ceseenses 10,122 9,900 11,400

Space applications......eccveeee.. 19,300 19,600 22,400

Launch vehicle procurement....... 4,350 4,000 4,000
OFFICE OF ADVANCED RESEARCH AND

TECHNOLOGY....... ceecssrertesenns $235,016 $223,924 $234,350

Basic research....... cesesseevnans 21,465 21,000 21,400

Space vehicle systems....cecceeen 29,358 27,703 26,650

Electronics systemsS....csec.. oo 37,557 34,271 35,000

Human factor systemS......eeeeees 18,228 17,910 21,600

Space power and electric

propulsion systems....ceeescess 42,385% 40,700% 39,400%

Nuclear rocketsS...eeevesereececss 12,500 6,000 8,000

Chemical propulsion.......... ceee 33,537 28,900 25,100

Aeronautical vehicles...ccoueuese 39,986 47,440 57,200
OFFICE OF TRACKING AND DATA

ACQUISITION..... Ceesssscsss cesecns $12,800 $11,500 $12,500
GRAND TOTAL...vccevvenncsncnsannens $324,292 $309,424 $328,850

* Includes SNAP-8 technology.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1970 ESTIMATES

Automatic Data Processing Equipment
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NATIONAL AERONAUTICS AND SPACE- ADMINISTRATION

Automatic Data Processing Equipment

As in other Federal agencies and throughout American industry, the
utilization of computers within NASA continues to increase; but in NASA
the rate of increase is substantially less than in the preceding years of
rapid buildup. NASA is now moving heavily into active mission phases in-
volving flights of manned spacecraft and the more sophisticated unmanned
spacecraft. Tha achievement of success in these missions requires the
extensive use of digital computers which can accomplish the mandatcry
requirements of high reliability, extreme precision, and rapid decisions.
In addition to the use of the computers while a flight is in progress,
computation requirements are further increased by the varied in-depth
testing, planning, and controlling that must take place before and after
launch. The data generated from experiments of earlier flights, coupled
with the sophisticated experiments of recent and near-future missions,
will continue to place heavy requirements on the computers.

The uses of computers are divided into two categories. The Category A,
general purpose use, includes all the equipments that can service multinle
users. The increasing requirements for general purpose facilities have
been met through the higher speed of third generation computers and
continued improvements in management and programming efforts. Figure 1
shows the continuing growth in NASA's Category A computing requirements
through FY 1970. The actual recorded computer workload for FY 1968,
based on computer operations per second, is used as the base reference
point of 100 percent. Also shown in Figure 1 is available computing
capacity through FY 1970. The level of utilization of these computers
will reach 95 percent of capacity by FY 1970. Figure 2 provides the break-
down of total requirements by the five elements comprising the Category A
applications. These areas of use are:

(a) The science and engineering area, which includes all the research
calculations, engineering computations and detailed analysis of sclentific
data.

(b) The data reduction area, which includes the processing necessary
to get experimental and operations data into a useable form for the
experimenter.

(c¢) Migsiorn control, which includes not only the active mission con-
trol computaticns but also the mission analysis and simulation necessary
for effective control.

(d) The simulation area, which covers that part of digital data
processing that actually replaces analog simulation functions.

SA 11
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(e) The business and administration area, which covers both business data
processing and engineering support data processing, such as master configuration
lists for our large systems.

Although Category A equipments are general purpose in nature, approximately
one-half of our capacity in this category is used primarily in direct support
of flight missions.

The Category B, special purpose applications, are primarily small computers
integrated into overall operational systems in such a way as to make it im-
practicable to use them for other functions. Many special instrumentation
facilities require the utilization of a small computer within the total
system as a control or data acquisition device, but these normally small
computers represent only a minor part of the instrumentation facilities sup-
ported. TFigure 3 shows total Category B equipment growth. The scale for
this chart shows value of equipment in millions of dollars. It has been
found impossible to use capacity as a measure of Category B utilization,
since these computers are totally embedded in the overall systems. Figure
4 breaks down the Category B equipment growth by application area.

Figure 5 reflects the relationship between the number of large, medium,
and small computers and their respective capital values for FY 1968. As
shown, large computers account for 9 percent of the inventory and 50 per-
cent of the capital value; medium size 15 and 24 percent; and small comprise
76 percent of the inventory and only 26 percent of the capital value. Many
small computers cost as little as $20 thousand, while large computers cost
as much as $4 million; but in the inventory each computer is treated as one
item regardless of its value.

Figure 6 reflects the capital value of the ADP equipment which was
installed as of June 30, 1968. The figures show the capital value of
NASA-owned and leased equipment. Figure 7 reflects the average employment
of ADP personnel, both Civil Service and contractor, at each installation.
The major ADP contractors at each installation are listed in Figure 8.

The inventory of computers by installation is shown in Figure 9. The
tables at the bottom of Figure 9 reflect the breakdown of equipment between
general purpose and special purpose, and by size of equipment.

The financing of ADP equipment by installation is shown in Figure 10,
with the overall amounts reflecting a decline from 1968 to 1970. Fluc-
tuations in lease and purchase dollars are primarily caused by minor re-
configuring of systems in the conversion to third generation equipment.
Maintenance costs will continue to increase due to our growing capital
investment in computers.

NASA has met its increasing requirements for ADP while still reducing
the overall funding. This has been achieved by a combination of techniques:
conversion to the more efficient third generation computers with lower cost
per computation, closer management control of ADP at the installations,
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and re-utilization of computers for new requirements. All new ADP require-
ments are carefully screened for the possibility of: (1) satisfying require-
ments through the use of existing equipment, either by consolidation cf
workloads into a central facility or by expanding present facilities, (2)

the use of other than NASA facilities where excess time is available, and

(3) the re-use of excess equipment obtained within NASA or from other
Government agencies through GSA. A number of new requirements have been

met by this last method at considerable economies to NASA.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Capital Value of Owned and Leased ADP Equipment
on Hand June 30, 1968

(In thousands of dollars)

NASA-Owned Leased Total
Equipment Equipment Capital Value
Office of Manned Space Flight.... $98,696 $58,074 $156,770
Kennedy Space Center........... 13,132 3,963 17,095
Manned Spacecraft Center....... 65,153 41,551 106,704
Marshall Space Flight Center... 20,411 12,560 32,971
Office of Space Science and
ApplicationS.ceececescocessaces $128,570 $23,008 $151,578
Goddard Space Flight Center.... 94,973 13,934 108,907
Jet Propulsion Laboratory...... 31,226 8,954 40,180
Wallops Station.....cceveeocess 2,371 120 2,491
Office of Advanced Research
and Technology...ceceeeasecanse $30,539 $10,254 $40,793
Ames Research Center........... 4,587 3,281 7,868
Electronics Research Center.... 3,300 736 4,036
Flight Research Center........ . 2,060 380 2,440
Langley Research Center..... .as 9,335 4,344 13,679
Lewis Research Center......c... 11,257 415 11,672
Space Nuclear Propulsion
Officeeueeenseacssonscnsaoses —~— 1,098 1,098
Headquarters.ceeeeeeeeecesaee coee $748 $2,375 $3,123
TOTAL....... ceesescsanans cione $258,553 $93,711 $352,264
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Automatic Data Processing Personnel

(Average Employment for the Fiscal Year)

Office of Manned Space Flight.....
Kennedy Space Centeérscsseecsccss
Manned Spacecraft Center........
Marshall Space Flight Center....

Office of Space Science and
Applications..-.................
Goddard Space Flight Center.....
Jet Propulsion Laboratory.......
Wallops StatioN..cececceeccecnes

Office of Advanced Research
and Technology..ceecceeccscocccace
Ames Research Center....ceeeveee
Electronics Research Center.....
Flight Research Center..cccescss
Langley Research Center...cceees
Lewis Research Center.ccecceceecs
Space Nuclear Propulsion Office.

Headguarters.ooocttc.00......00..0

TOtaI...-.-.---.........-.....

a/ BEmployees of JPL.

FY 1968 FY 1969 FY 1970
Civil Civil Civil
Service Contractor Service Contractor Service Contractor
430 2,568 443 2,618 442 2,531
58 420 67 535 67 485
205 1,390 208 1,458 207 1,466
167 758 168 625 168 580
669 1,327 728 1,326 140 1,255
419 1,056 486 1,064 493 1,001
2268/ 243 2188/ 234 2238/ 219
24 28 24 28 24 35
392 216 403 296 413 332
60 62 60 77 60 90
21 46 28 91 31 116
19 25 19 24 19 17
140 72 144 93 151 98
152 - 152 - 152 -——-
- 11 -=- 11 ——- 11
17 114 1 114 19 116
1,508 4,225 1,591 4,354 1,614 4,234



MATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Installation

Kennedy Space Center

Manned Spacecraft
Center

Marshall Space
Flight Center

Name of Firm

Federal Electric
Company

Lockheed Electronics

Co.

IBM

Link Group, GP 1

TRW Systems

Univac

Philco-Ford

MIT

McDonnell-Douglas

Computer Sciences
Corp.

Service Technology
Corp. (LTV)

General Electric

Figure 8

ADP Contractor Identification

ADP Service Performed

Programming, Analysis and
Operations

Programming, Analysis and
Operations

Mission Operations System
Design, Programming,
Operations and
Maintenance

Apollo Simulator Prozram
Maintenance and
Modification

Apollo Mission Analysis

Apollo Communications
Control

Apollo Procedures Control
Unit Operation

Apollo Guidance and Control
Programming

Command Module S$imulator

Operations and Pro-
gramming

Programming, Analysis and
Operations

Keypunching, Programming
and Operations

Data Reduction Programming
and Operations
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Installation

Goddard Space Flight
Center

Jet Propulsion
Laboratory

SA 22

Name of Firm

CEIR

Computer Applications,
Inc.

Computing and Software,
Inc.

Computer Sciences Corp.

General Electric

IBM

Univac

Westinghouse

Wolf Research and
Development Corp.

Computer Usage
Development Corp.

Computer Communications,
Inc.

Heliodyne Corporation
IBM

Informatics

Planning Research Corp.
RCA

Univac

ADP Service Performed

Programming and Analysis

Programming, Analysis,
Operations and
Maintenance

Programming, Operations
and Maintenance

Programming, Analysis and
Operations

Programming
Programming, Analysis,
Mission Support and

Maintenance

Programming, Analysis and
Maintenance

Programming and Analysis

Programming and Analysis
Programming

Software Maintenance and

Operations Support

Programming and Analysis
Programming and Analysis
Programming and Analysis
Operations and Maintenance
Operations and Maintenance

Software Maintenance and
Operations Support



Installation

Wallops Station

Ames Research Center

Electronics Research
Center

Flight Research Center

Langley Research
Center

Lewis Research Center

Name of Firm

Philco~Ford
Technitrol Engineering
Corp.

Computer Sciences Corp.

IBM, Federal Systems
Div.

Informatics, Inc.
Computer Usage Corp.

System Development
Corp.

Service Technology
Corp.

General Electric

Computing and Soft-
ware, Inc.

North American

Hampton Institute

Hayes International
Corp.

Computing and Soft-
ware, Inc.

Control Data Corp.
1BM

IBM

ADP Service Performed

Programming and Computational
Services

Operations and Keypunching
Scientific Programming and
Analysis, Administrative

Applications, Keypunching

Scientific Programming

Scientific Programming

Operations

Programming

Programming, Analysis,
Operations, Keypunching

Operations, Data Preparation,
Keypunching

Biomedical Programming and
Analysis

B-70 Data Reduction

Readout and Data
Preparation

Keypunching and Programming

Scientific Computer Operations,
Keypunching, Programming

Maintenance

Maintenance

Maintenance



Installation

Space Nuclear Pro-
propulsion Office

Headquarters

SA 24

Name of Firm

Pan American World
Airways, Inc.

Leasco

Informatics (TISCO)

ADP Service Performed

Programming, Analysis, and
Operations

Programming and Operations
Programming, Analysis

and Operations, Key-
punching



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

End of Fiscal Year Inventory of Computers

Office of Manned Space Flight......ece..
Kennedy Space Center..ccceccercccsssce
Manned Spacecraft Center...ceceveeeese
Marshall Space Flight Center..........

Office of Space Science and Applications

Goddard Space Flight Center.....ccceee.
Jet Propulsion Laboratory...cceseeceees
wallops St:ation.......................

Office of Advanced Research and
TechnologY.eeceeeoecoocsccccoccconcsce
Ames Research Center.....cceccceceencsce
Electronics Research Center.....cecee.
Flight Fesearch Center.....ceccceeeeee
Langley Research Center.....ccceeseeee
Lewis Research Center....ceecececceecee
Space Nuclear Propulsion Office.......

HeadquartersS..oeceeesceccosccsscoscscssccs

Totalvl.o.-..oa.ooo..o'oooo'c....oaao

Breakdown by Category of Equipment:
Category A (General Purpos€)ececececesces
Categor}' B (Special Purpose) esccecsccee

Breakdown by Size of Equipment:

Largeaol|oc.Ooootooo..oo..ooooooo'.."

mdium.lo.Q.Qo....'oo..ooo.ooo."0'0.0

Smalloooooono-ooooooco'-oo-oooooo'ooco

Figure 9

FY 1968  FY 1969  FY_1970

285 266 276
22 21 21
132 141 153
131 104 102
293 312 323
193 212 220
97 96 98
3 4 5
£0 11 82
26 27 30
6 15 17

6 6 6

9 14 14
12 14 14
1 1 1

4 4 3
642 659 684
184 147 146
458 512 538
58 58 58
97 96 9%
487 505 532
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Office of Manned Space Flight............
Kennedy Space Center.....ccceceeecsccoce
Manned Spacecraft Center....cevseesesses
Marshall Space Flight Center...........

Office of Space Science and Applications.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Summary of Automatic Data Processing Equipment Funding
(In thousands of dollars)

Goddard Space Flight Center......cceees
Jet Propulsion Laboratory......ceeceses
Wallops Station...ceeeevevecconcasanase

Office of Advanced Research and
Technology.cveeevveevsnvenonocoovevanae
Ames Research Center.....veeseeecccecss
Electronics Research Center,,..ceveeess
Flight Research Center....ceceaeeoscses
Langley Research Center...cceeeecocacees
Lewis Research Center..cieecececvosscce
Space Nuclear Propulsion Office...eeeee

Headquarters...cceeceeecceesrseccasasscnnns
Totaleeecessosecseccacannsasanseansss

Breakdown by Appropriation:

R&D.cecneinnssnoseresctentonsccncoasnae

REPMecoococarescassssavorconsesearasans

Breakdown by Category of Equipment:

Cat. Aveeverscacessscscssscossnscncsases

Cat. Bevsocsvraceassscacssensnscossosens

FY 1968 FY 1969 FY 1970
Lease Maint, Purch. Total Lease Maint. Purch Total Lease Maint. Purch. Total
$24,968 $2,158 $3,749 $30,875 $23,602 $2,472 $545 $26,619 $26,527 $2,302 $703 $29,532
1,496 361 1,933 3,790 1,363 505 -—- 1,868 1,040 525 .- 1,565
15,107 1,215 1,157 17,479 17,483 1,295 430 19,208 17,654 1,313 700 19,667
8,365 582 659 9,606 4,756 672 115 5,543 7,833 464 3 8,300
$10,881 $3,459 $15,638 $29,978 $9,914 $4,619 $10,340 $24,873 $9,951 $4,718 $11,054 $25,723
5,822 2,206 13,276 21,304 5,912 3,527 8,847 18,286 5,819 3,607 9,137 18,563
5,012 1,202 2,310 8,524 3,951 1,030 1,222 6,203 4,081 1,019 1,617 6,717
47 51 52 150 51 62 271 384 51 92 300 443
$3,964 $675 $8,400 $13,039 $4,431 81,454 $7,811 $13,696 $3,579 81,720 $5,077 $10,376
1,472 244 849 2,565 1,489 306 1,070 2,865 1,934 342 742 3,018
138 31 1,455 1,624 346 156 611 1,113 396 176 335 907
20 41 461 522 2 50 250 302 118 50 --- 168
1,902 224 5,341 7,467 2,215 767 5,806 8,788 765 976 4,000 5,741
119 135 294 548 109 175 74 358 96 176 -—- 272
313 --- --- 313 270 - ——— 270 270 - - 270
$219 $32 $14 $265 $245 $65 === $310 $320 $60 .- $380
$40,032 §6!324 $27,801 §74!157 $38,192 $8,610 $18,696 $65,498 $40,377 38,800 516,834 §66!011
22,895 4,475 25,090 52,460 24,083 6,237 18,635 48,955 26,841 6,392 16,819 50,052
17,137 1,849 2,711 21,697 14,109 2,373 61 16,543 13,536 2,408 15 15,959
37,680 3,580 18,427 59,687 34,625 5,258 6,579 46,462 37,106 5,352 7,221 49,679
2,352 2,744 9,374 14,470 3,567 3,352 12,117 19,036 3,271 3,448 9,613 16,332



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Summary of Requirements by NASA Installation

Kennedy Space Center

At the Kennedy Space Center the Central Instrumentation Facility (CIF)
provides "quick-look” data reduction, real-time meteorological analysis,
automatic checkout and general scientific computations in support of all
space vehicle tests and launches. General data processing services at KSC
are provided primarily by two GE 635's, two IBM 7010's and supporting equip-~
ment. Much of this equipment is operated ''on-line" as part of the countdown
and launch control system for a significant portion of the total operating
time. In addition to supporting all major space vehicle projects, substantial
computational services are provided to the aerospace contractors in the Cape
Kennedy area.

Growth in requirements to support the operational checkout procedures for
spacecraft and launch vehicles resulted in a plan to replace two IBM 7010's
and an IBM 1440 with an IBM 360/50 - 360/40 combination. The new equipment
was installed in the second quarter of FY 1969, with the conversion s:heduled
to be complete by February 1969. Also in FY 1969 a small processor will be
purchased for use as a data evaluator in pre-processing real-time telemetry.

Additional computer resources do not appear necessary in the near FLerm.
Changes in future launch schedules will have a sharp impact on the AD?
workload at KSC but the only changes which can now be anticipated in 7Y 1970
or beyond are those reconfigurations which may be necessary to adapt the
computation complex to the data reduction requirements of experimenters.

Manned Spacecraft Center

At MSC the Computation and Analysis Division (CAD) is responsible for all
general purpose computation and data processing. Flight Operations Directorate
manages the ADP equipment supporting manned spacecraft missions, whiles the
Information Systems Division monitors ADP requirements of a specifal purpose
nature.

The largest increase in MSC computation requirements has occurred In the
area of Apollo mission analysis. In addition to utilizing the full production
of two IBM 7(94's this function utilizes more than the total three-shift
operation of a Univac 1108 computer.

In the Real-Time Control Center, Apollo mission control is supportad by
six IBM 360/75 computers. Little change is expected in this area during
the Apollo program. Two IBM 360/50 computers used for program development
in mission ccontrol are expected to become excess this year. One is planned
for retention within the Flight Support Division to handle Apollo Lunar
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Surface Experiment Package (ALSEP) data processing. The other is being
considered for transfer to NASA Headquarters.

The anticipated increase in administrative applications 1s expected to
exceed the capacity of the Univac 1107's supporting the function by 1970.
Augmentation of these systems may be necessary at that time.

Six CDC 160G computers were approved for installation during FY 1969
to support two automatic checkout (ACE) stations and a checkout systems
development laboratory. Several other small Category B computers were
installed during FY 1969 to support specific research projects and several
more are anticipated during FY 1970 primarily for Apollo and lunar research
projects.

Marshall Space Flight Center

Most MSFC computation requirements are served by two large central
computer complexes located at Huntsville, Alabama, and Slidell, Louisiana.
In addition, there are a variety of smaller computers dispersed throughout
the research laboratories.

Conversion to Univac 1108's dominated ADP activity during FY 1968 and
will continue to do so during FY 1969. Approximately 20 second generation
computers are scheduled to be (or have already been) replaced at Huntsville
by the third generation equipment. Most of the computers to be replaced
were leased machines. Due to slippage in software delivery much of the third
generation equipment has not yet been accepted and, as a result, the release
dates of second generation computers have had to be extended. 1In several
cases, leased second generation computers were purchased where the slippage
would have exceeded the breakeven date. Government-owned computers will be re-
utilized in other applications at MSFC and elsewhere. The primary equipment
serving scientific computations (two IBM 7094's) will be transferred to a
GSA service center to be established at Huntsville. A Burroughs B5500
utilized for data reduction and telemetry calculations was purchased by
GSA in early FY 1968 and will be re-utilized by the Department of Interior
in February or March 1969. Several small leased IBM 1130 computers were
released for re-utilization by the Defense Supply Agency early in FY 1969.

At the Slidell facility, leased IBM 7040, 1440, and GE 235 computers were
released in the first quarter of FY 1969. A general re-evaluation of equip-
ment requirements is underway at Slidell as a result of the expected decline
starting next year in workload at the Michoud Assembly Facility and the
Mississippi Test Facility. In FY 1970 there is a good possibility of releasing
or re-utilizing additional small and medium scale computers depending on the
success of conversion to third generation systems. 1In addition, it is pos-
sible that some of the present Category B requirements for small special
purpose equipment can be more efficiently handled by remote terminals linked
to the central facilities.

No major computer acquisitions at either Huntsville or Slidell are
anticipated in the next few years beyond completion of the present
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conversion effort. Development of the full potential of the Univac third
generation computer systems continues to constitute the primary ADP activity
at the MSFC facilities.

Goddard Space Flight Center

Although no new Category A computers will be added to the Goddard Space
Flight Center inventory during FY 1969 or FY 1970, some funds will be used
for purchase of leased components of the existing computers. In FY 1970,
it is planned to procure additional storage and supporting control circuitry
for presently installed IBM 360/75's.

During FY 1969 some Category B computers will be acquired. These will
support tracking and telemetry processing, primarily Apollo; automatic
checkout systems associated with satellites under development; tracking
functions asscociated with biosatellites; and certain other satellite pro-
jects as display generators. Although a large number of the computers will
be added during this fiscal year, many represent systems procured during
FY 1968, with final installation and acceptance occurring during FY 1969.

During FY 1970 nine computers will be added to the Category B inventory.
Seven of these will be used for the tracking function, with three additional
Univac 1218 ccmputers needed to support future Apollo missions and four being
obtained for the Goddard Optical Tracking Facilities. An additional mission
support computer is necessary for the Goddard Multi-Satellite Operations
Control Center (MSOCC) and one computer is required to provide test data
acquisition ard processing for the nuclear physics project.

The largest single cost relating to Category B computers does not increase
the total number of computers in the inventory. This funding is needed for
the conversior. of the Communications Processing Computers (principally the
Univac 494's) to the new American Standard Code for Information Inter-
change (ASCII). This code was recently adopted as a Federal standard and
is expected tc be applicable to new computers acquired after July 1, 1969.

Jet Propulsion Laboratory

The Jet Prcpulsion Laboratory has requirements for computers to aid in the
development of spacecraft for the planetary programs and for the deep space
network. The computers are used for trajectory and celestial mechanics,
structural analysis, circuit design, propulsion research, and communications
analysis. A Univac 1108 is currently being installed in the laboratory's
Scientific Computing Facility (SCF). Another computer is being acquirad
for a centralized data acquisition system to interface between the SCF
computer and the researcher’'s experiments.

No changes in the FY 1970 inventory of Category A computers is envisioned

at this time. There will, however, be some peripheral additions to the
existing computers during both FY 1969 and FY 1970.
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Five computers will be added to the Category B inventory in FY 1969.
Three of these computers will be added to the Deep Space Instrumentation
Facility, one to serve in Deep Space Net Control Research and the other
two to support Digital Tracking Station Development. The two additional
computers scheduled for installation during FY 1969 are for research in
Guidance and Control and for the Gamma Ray Spectrum Emission Research
activity.

Three Category B computers will also be added during FY 1970, two
for the Digital Tracking Station implementation and the other for the
Roving Vehicle Motion Control Study.

Wallops Station

There are no planned additions to the Category A computer inventory
during FY 1969 and FY 1970. Some minor funding is required during FY 1969
to update some of the peripherals on the GE 625, to provide greater flexi-
bility in support of the launch and tracking functions assigned to the
Wallops Station.

In the Category B area, it is planned that a computer will be acquired
during the fourth quarter of FY 1969 to support the Mobile Range Systems.
An excess computer at the Jet Propulsion Laboratory is expected to be avail-
able to meet this requirement. However, since this excess computer system
does not contain all essential components, some funds will be required during
FY 1969 to purchase the necessary peripherals. A second computer will be
acquired during FY 1970 and installed as part of a telemetry system.

Ames Research Center

Ames Research Center utilizes ADP equipment for scientific and engineering
computation, for reduction and analysis of data from experiments, for monitoring
and controlling experiments in real-time, and for aircraft/spacecraft simulation
studies. The IBM 360/50 computer system is used primarily for scientific and
engineering computations, with a large part of the workload originating from
remote access stations strategically located in the research laboratories and
test facilities. Additional ADP workload demands result from increasing re-
quirements for advanced theoretical studies in aerodynamics and propulsion,
and for studies of operating problems associated with supersonic and hypersonic
aircraft, and a wide variety of V/STOL vehicles.

Ames utilizes an IBM 7094/7040 system for general scientific and engineering
computation, data reduction, simulation, and general business applications.
A HON 800/200 system is used primarily for on-line wind tunnel test data
reduction. Ames is planning to expand the system to provide on-line capability
for two wind tunnels operating simultaneously. Additional system revisions will
be required to provide on-line data processing for up to five wind tunnels.

As integral components of research and test facilities, Ames utilizes
small special purpose computers for simulation, experiment control, and real-
time data acquisition with "quick-look" display capability.
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Ames is evaluating new techniques for consolidating ADP requirements into
a more unified complex of equipment through development of an intracenter
computer communications capability.

A real-time data acquisition computer will be put on-line to the 40 x 80'
wind tunnel, and the IBM 360/50 central system will be expanded in FY 1970.

Electronics Research Center

General purpose ADP requirements at ERC are primarily for scientific and
engineering ccmputations, and are expected to more than double during the
next two years. Data reduction requirements are expected to increase steadily
along with simulation techniques. An IBM 7094 II computer system is used for
general purpose scientific computation, data reduction, and business appli-
cations, along with a Univac 418 at the Manned Spacecraft Center. Data
communications links provide for remote access to the computer complexes
at the Langley Research Center and at MSC.

The present planning is for an expanded general purpose, large scale,
unified central computation facility for completion during late FY 1971,
or in FY 1972, ADP applications at ERC require equipment capability for
processing a broad range of problems such as trajectory analysis, power
spectral analysis, and large matrix inversion in support of V/STOL, SST,
and other aeronautics and space projects.

Special purpose computers are used in conjunction with the research
laboratory equipment for experiment sequence control, real-time data
acquisition, and analysis for '"quick-look' display. New applications
include analog/digital simulation as part of the research work, aand a
combined hybrid-control configuration for a particularly complex require-
ment in guidance and control.

Flight Research Center

Flight Research Center plans to augment their IBM 360/40 computer system
during FY 1969 by installing additional peripheral equipment to support the
expected increased workload. The center is examining the feasibility of
Incorporating part of their special purpose computer requirements intc the
central, general purpose system. Studies currently in progress indicate a
need for installation of new equipment during FY 1970.

General purpose computer requirements at FRC are primarily for data
reduction, however, there 13 a rapldly increasing demand for scieantific
and engineering computation. While some major programs are being concluded,
these are being replaced by a large number of small programs. Significant
increases are a critical need for studies of F-111 handling qualities
and trajectorv optimization research. Additional new requirements include
supporting studies for flight projects such as Supercritical Wing, Jet
Transport., Airborne Simulator, and General Aviation.

SA 31



In FY 1969, FRC is planning to install a SIGMA V computer as part of the
radar range tracking facilities for real-time data acquisition purposes,
and to upgrade their SEL 810-1 computer with a more powerful SEL 810-B central
processing unit.

Langley Research Center

Langley Research Center is consolidating a major part of their ADP work-
load onto one central computer system complex. The system was designed to
provide a powerful, central computation capability with a flexible input/output
interconnection for direct access from several of the research and testing
facilities. A CDC 6400 and three CDC 6600 computers are installed and are
directly interconnected with data cell drives to provide a large bulk data
storage. Preliminary interconnections have been completed for interfacing the
equipment for real-time digital simulation applications, for on-line data re-
duction applications, and for connection of the remote access terminals located
in the research laboratories.

A large part of the general purpose digital computing requirement is for
analytical research, and includes studies of structures, aerodynamics, thermal
analysis, dynamic loads, and systems analysis. Also of major significance is
real-time simulation in support of aerospace flight research, requiring the
precision, flexibility and high speeds that can best be provided through digital
simulation techniques. Applications include general research on aircraft
operating problems, rendezvous, extra vehicular studies, and space vehicle
control, as well as support to FAA for glide slope studies and air traffic
control. During FY 1969, plans provide for the installation of a large
capacity magnetic core memory to provide for incorporating the four CDC com-
puters into a single integrated computer complex. It is expected also that
additional peripheral equipment will be installed to meet new requirements
resulting from changing program techniques, and new applications. During FY
1970, a CDC 7600 computer system is to be installed in the central computer
complex and the interim leased CDC 6600 now installed will be released. Four
special purpose computers will be installed during FY 1969 for on-line, real-
time data acquisition, and for experiment control applications.

Lewis Research Center

Lewis Research Center's ADP requirements are about evenly divided between
data reduction and scientific/engineering computations. The Center is im-
plementing a centralized data collection system to provide for a more efficient
data flow from the testing facilities to the central data processing facilities.
The data reduction workload will increase slightly over the current require-
ment during the next year.

The Center has no plans for additional general purpose computer actions
during FY 1969 or FY 1970. Presently installed equipment operates approximately

three shifts per day and current planning indicates a continuing requirement at
this level.
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Computer applications include heat transfer calculations, trajectory cal-
culations, and other elements related to engine systems and performance during
all flight phases. 1In addition, mathematical models are employed for materials
research that spans a wide temperature range from cryogenic temperaturzs of
liquid gases to the high temperatures encountered in rocket nozzles.

Lewis is installing a centralized data collection network through inter-
connection of the research testing facilities with the central computer
systems. The time sharing features of the IBM 360/67 can be utilized to
efficiently service the many experimental and test facilities which other-
wise would have to be supported by several small dedicated computers. How-
ever, three special purpose computers will be installed during FY 1969 with
direct interconnection to the research and test facilities to complement
the time sharing system.

Space Nuclear Propulsion Office

The Space Nuclear Propulsion Office is evaluating the feasibility of
replacing or zugmenting the present computer system during late FY 1969 or
FY 1970. SNPO is using a CDC 3200 computer located at the Nuclear Rocket
Development Station (NRDS) for nuclear engine systems test monitoring and
display of test progress based on quick analysis, test data reduction,
engineering studies, and business support operations. The central com-
puter is also used to maintain a larpe inventory of data and to control
channels from their testing facilities, and for scientific and engineering
work including computations in fluid dynamics, reactor decav heat, fuel
element weight loss, and radiation dose predictions.

Headquarters

General data processing requirements at Headquarters are provided by two
IBM 1410 computers managed by the Management Systems Division, recently re-
organized under the Office of Technology Utilization. Primary ap»lications
include Financial Accounting, Status of Contracts and Grants, Personnel
and Payroll. The Scientific and Technical Information Facility (STIF),
also operated by the Office of Technology Utilization, is supported by an
IBM 360/40 and 1BM 1401 located at College Park, Maryland. The anplication
is primarily that of information retrieval of scilentific reports and research
programs. There has been a steady increase in both the general data processing
and information retrieval areas in recent years which is expected to continue.
An expansion of the STIF calls for direct CRT links with each NASA installation.
When operational, this system will also be used by OART to retrieve data for
management and evaluation of research and technical programs.

An excess IBM 360/50 computer at MSC is being considered for transfer to
the Headquarters Scientific and Technical Information Facility to upgrade
the IBM 360/40 system. The IBM 360/40 would then be used to accommodate
the general business applications workload which now saturates the 1410's.
The shift of equipment would require little software modification since 1410
programs can he processed by the 360 in emulation mode: and this augmentation
would provide Headquarters with sufficient computer capacity through FY 1970.
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