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PIAT1:ONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

GENERAL STATMENT 

The Nat ional  Aeronautics and Space Adminis t ra t ion w a s  e s t ab l i shed  on 
October 1, 1958, pursuant  t o  the  Nat ional  Aeronautics and Space A c t  of 
1958, approved on J u l y  29, 1958. The A c t  s tates t h a t  t h e  pol icy  and pur- 
pose of t he  United S t a t e s  a c t i v i t i e s  i n  space w i l l  be: t o  conduct spacc! 
and ae ronau t i ca l  a c t i v i t i e s  f o r  peacefu l  purposes f o r  t h e  b e n e f i t  of a1:it 
mankind. These activities should c o n t r i b u t e  m a t e r i a l l y  to :  t h e  expansion 
of  human knowlecdge in the  atmosphere and space;  t h e  improvement and use- 
f u l n e s s  of ae ronau t i ca l  and space veh ic l e s  ; t h e  development and opera t ion  
of space v e h i c l e s ;  t h e  establ ishment  of long-range s t u d i e s ,  t h e  p re se rva t ion  
of United States  leadersh ip  i n  aeronaut ics  and space technology and u t i l i -  
za t ion ;  t h e  di:ssemination of p e r t i n e n t  information gained i n  t h e  program 
t o  c i v i l  and m i l i t a r y  agencies;  t he  cooperat ion wi th  o t h e r  na t ions  i n  
ae ronau t i c s  a n d  space a c t i v i t y  p u r s u a n t  t o  peacefu l  i n t e r e s t s ;  and t h e  
e f f e c t i v e  u t i l i z a t i o n  of s c i e n t i f i c  and engineer ing t a l e n t s  and f a c i l i t t e s  
of t h e  na t ion .  

A t o t a l  program of $3,878,000,000 is requested t o  support  cu r ren t  anli 
proposed programs. However, t h e  amount of appropr i a t ions  requested is 
$3,760,527,000, r e f l e c t i n g  a p p l i c a t i o n  of  $117,473,000 of t h e  1969 apprto- 
p r i a t i o n  reserved from apportionment pursuant  t o  t h e  Revenue and ExpendLture 
Control  A c t  of 1968 (Pub.L. 90-364, 82 S t a t .  251). 

The i n d u s t r i a l  community, under c o n t r a c t s  wi th  t h e  NASA, w i l l  cont inue t o  

S p e c i f i c  elements of  t he  a c t i v i t y  w i l l  cont inue t o  be pursued 
c a r r y  forward t h e  prime des ign ,  development, and f a b r i c a t i o n  e f f o r t  of t he  
NASA program. 
wi th in  NASA i n s t a l l a t i o n s ,  o t h e r  government agencies ,  u n i v e r s i t i e s ,  and 
research  contraictors which have t h e  necessary l e v e l  of e x p e r t i s e  i n  s p e c i a l  
areas of engineer ing  and science. 
wi th in  t h e  foll.owing ca t egor i e s :  

The major elements of t he  program f a l l  

MANNED SPACE: FLIGHT: A program f o r  t he  continued development and 
demonstratinn of a c a p a b i l i t y  f o r  manned space ope ra t ions  and ex- 
p l o r a t i o n ;  to  maintain progress  i n  manned space f l i g h t ;  and t o  
provide infomia t ion  requi red  f o r  f u t u r e  dec i s ions  concerning 
follow-on spac:e programs. 

SPACE SCIEMI(AND APPLICATIONS: 
involving:  (1.) s c i e n t i f i c  i n v e s t i g a t i o n s  of t h e  e a r t h ,  solar system, 

A program of  unmanned space f l i g h t  

stars and space environment; compiling new knowledge i n  astronomy; 
p lane tary  mid i n t e r p l a n e t a r y  s t u d i e s  and experiments on t h e  e f f e c t s  
of space erwironment on l i v i n g  organisms; and (2) t h e  adapt ing of space 
technology so acquired f o r  t h e  d i r e c t  b e n e f i t  of mankind i n  a r e a s  srich 
as weather !, communications, naviga t ion ,  t r a f f i c  control, .  geodesy, 
meteorology, trnd e a r t h  resources .  

SUM 1 



ADVANCED RESEARCH AND TECHNOLOGY: 
technological  base f o r  s i g n i f i c a n t  fu tu re  aerospace missions. 

A continuing program t o  provide the  

TRACKING AND DATA ACQUISITION: 
required by t h e  worldwide NASA manned and unmanned space f l i g h t  
programs. 

A program f o r  providing t h e  support  

Detai led j u s t i f i c a t i o n  of t he  Fy 1970 budget estimate f o r  t he  t o t a l  
program of $3,878,000,000 is provided i n  the  following th ree  volumes: 

Volume Amount 

I1 Research and Development $3,168,900,000* 

IV Research and Program Management 
I11 Construction of F a c i l i t i e s  58,200,000 

650,900,000 

TOTAL $3,878,000,000* 

* Includes app l i ca t ion  of $117,473,000 of Fy 1969 appropr ia t ion  noted 
on the  previous page. 

SUM 2 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
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A51 * P . o l O l  ASST -1 -m 

*OLICI P I O G I A Y  R A N I  
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NASA INSTALLATIONS 

Ames Research Center 

\ Moffett Field, Calif .  

Nuclear Rocket Development Stat ion 
Jackass Flats, Nev.  

Kennedy Space Center 
Western Test  Range, Lompoc, Calif. 

Flight Research Center 
Edwards, Calif. 

jusky, Ohio 
ewis Research Center 

Cleveland Ohio 

Electronlcs Research Center * 
Cambridge Mass 

Goddard Space Flight Center * 

Wal lops Station * 
Wallops Island Va  

I L  

Y Greenbelt. M d  

Jet Propulsion Laboratory - 
Pasadena, Calif ’ 

NASA Headquarters 
Washington D C 

Langley Research Center * 
Hampton V a  

Kennedy Space Center * 
Cape Kennedy Fla 

Whi te  Sands Test Facility 
Las Cruces, N. Mex.  

Y Manned Spacecraft Center 
Houston, Texas 

Slidell Computer Facility 
Marshall  Space Flight Center 

Huntsville. Ala ’ \  Slidell, La. 

Michoud Assembly Facility 
N e w  Orleans, La. 

Mississippi Test Facility 
Bay St. Louis. MISS 

* fndicates Installations f o r  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) 

Appropr:Lar:ion 

Research and Development. . . . . . . 
Construction of Facilities.. . . . . . 
Research anti Picogram Management. . 
TOTAL.......................... 

P.L. 90-131 P.L. 90-550 
Fiscal Year Fiscal Year 

1968 1969 

$3,925,000 $3,370,300 

35,900 21 , 800 

628,000 603,173 

$4,588,900 $3,995,273 

Fiscal. Year 
1970 --.- 

$3,0!i1,427 

!58,200 

6!i0,900 

$3,760.52 7 

-. 

PI 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

SUMMARY OF A P P R O P R I W  

(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 

--- -127 

9639,423 

Administration (81 Stat. 349).... ............ -127 --- 
................... Appropriation (adjusted) $4,588,773 $3,911,550 $37,800 

FISCAL YEAR 1969 
Independent Offices and Department of 
Housing and Urban Development Act, 
1969 ___ (82 . _  Stat. 945). .......................... $3,995,273 $3,370,300 $21,800 

NASA Appropriation Transfers (82 Stat. 945). ... --- -59,268 +13,900 
Transfer to "Operating Expenses, Public 
Buildings Service ," General Services 
Administration (82 Stat. 943) ................ -280 --- --- 
Appropriation (adjusted) ................... $3,994,993 93,311,032 $35,700 

FISCAL YEAR 1970 
Appropriation request......................... $3,760,527 $3,051,427 $58,200 

$603,173 
+45,368 

-280 

$648,261 

$650,900 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

SUMMARY OF BUDGET PLAN BY - .  APPROPRIATION BY BUDGET ACTIVITY 

APPROPRIATION T I T L E  

S C I  ENT I F I  C 
MANMED IWVESTI- SPACE 
SPACE G AT I ONS APPL I- SPACE AIRCRAFT SUPPORTING 

A C T 1  V I  T I FS - TOTAL FLIGHT I N  SPACE CATlOlS IL!WU!U J E C H N o L W  

-. riscai Year i968............ $4,639,756 _-- - $3,154,922 5_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 .............. 639,293 324,352 68,855 20,203 139,998 51,714 34,171 

Fiscal ~~ Year 1969............ -L,-- $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............ .. 648,261 322,261 74,300 19,900 142,500 55,300 34,000 

$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 
management .............. 650,900 317,300 77,900 21,000 141,800 56,000 36,900 

._ 3 

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



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIHATES 

SUMMARY OF BUDGET PIAN 

OFFICE OF MANNED SPACE FI3GHT ?ROGRAXS 

(Thourands Of d o l l a r s )  

Rerearch and Development 

Construct ion of F a c i l i t i e s  

Kennedy Space Center......... 
Manned Spacecraf t  Center.. ... 
Marshall  Space F l i g h t  Center. 
Michaud ASSe~t~bly F a c i l i t y .  ... 
Various locations............ 

Research and Program Management 

Kennedy Space Center......... 
Manned Spacecraf t  Center..... 
Marshall  Space F l i g h t  Center. 

TOTAL, MANNED SPACE FLIGHT. 

19 68 

$2,809,230 

2,556,030 
253,200 

0.0 

21,340 

19,342 
750 
823 
42 5 --- 

315.098 

93,131 

126,230 

$3,145,668 

95,737 

1969 

92.17 7,500 

2,025,000 
150,000 

2,500 

10.414 

7,364 
1,333 

400 
1,317 

-00 

312.028 

97,669 
97,998 

116.361 

19 70 

$2.007,700 

1,651,100 
354, LOO 

2,500 

14.250 

12,500 
1,750 --- 

307.450 

97,501 
97,748 

112.201 

$2,499,942 $2,329,400 

SUM a 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

SWMRY OF BUDGET PLAN 

--- OFFICE OF SPACE SCIENCE AND APPLICATIONS PROGRAMS 
OFFICE OF UNIVERSITP AFFAIRS PROGRAM 

(Thousands of d o l l a r s )  

SPACE SCIENCE AND APPLICATIONS 
PROGRAMS AND PROJECTS 

Research and _IeelopPPent 

Physics and aetronmy....,... 
Lunar and pllanetary 

exp lo ra t ion .  ............... 
Bioscience................... 
Space app1icat:ions.. ......... 
Launch v e h i c l e  procurement.. . 

Construct ion 2,fFacil i  t ics 

Goddard Spaice F l i g h t  Center. . 
John F. Keruiecly Space Center,  

NASA...o.~,...e....e....o.o. 

Wallops St61r:ion. ............. 
Various locxit lions.. .......... 

Research and Jl>gram Management 

Goddard Space F l i g h t  Center.. 
Wallops S ta t ion .  ............. 

19 68 

$552,850 

139,500 

147,500 
41,800 
99,500 

124,550 

3,595 

565 

2,290 
740 

77,073 

68,305 
8,768 

.-- 

19 69 

9438,416 

125,116 

81,800 
32,700 
98,600 

100,200 

1,925 

--- 
1,650 

275 

82,510 

73,490 
9,020 

--. 

TOTAL, SI?ACIZ SCIENCE AND 
APPLICA'PIONS ............. 

UNIVERSITY AFFAXRS PROGRAM 

Research and -I Development 

Sus t a in ing  u n i v e r s i t y  program 

- 

$633,518 

$ 10,000 

$522,851 

$ 9,000 

19 70 

$558,800 

119 ,600 

146,800 
32,400 

135,80" 
124,200 

1,595 

6 70 

500 
425 

88,053 

79,024 
9,029 

$648,448 

$ 9,000 

SUM 9 



NATIONAL AERONAUTICS AND SPACE AIMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

SUMMARY OF BUDGET PIAN 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY PROGRAMS 
OFFICE OF TRACKING AND INTA ACQUISITION PROGRAHS 

OFFICE OF TECHN0UK;y VCILIZATION PROGRAM 

(Thousands of d o l l a r s )  

ADVANCED RESEARCH AND TECHNOLOGY 
PROGRAMS AND PROJECTS 

Research and Development 

Basic research................ 
Space veh ic l e  systems.. ....... 
Elec t ron ic s  systems........... 
Human f a c t o r  systems.......... 
Space power and e lectr ic  

propulsion systems.......... 
Nuclear r~kets............... 
Chemical propulsion........... 
Aeronaut ical  vehic les .  ........ 

1968 

$315,022 

21,465 
34,100 
38,057 
19,828 

43,735 
54,000 
37,037 
66,800 

Construct ion of F a c i l i t i e s  5,285 

A m e s  Research Center.......e.. 3,170 
Elec t ron ic s  Research Center.. . --- 
Langley Research Center....... --- 
Lewis Research Center......... 2,115 

Research and Program Management 

A m e s  Research Center.......... 
E l ec t ron ic s  Research Center... 
F l i g h t  Research Center........ 
Langley Research Center....... 
Lewis Research Center......... 
Space Nuc leer Propulsion 

Office...................... 

TOTAL, AIWANCED RESEARCH 
AND TkCHN0UK;p.. .......... 

189,059 

33,781 
15,352 
9,469 

62,213 
66,222 

2,022 

19 69 

9285,17 1 

21,000 
31,700 
34,771 
19,700 

42,200 
32,000 
28,900 
74,900 

386 

38 6 --- 
--e 

193,924 

34,036 
17,237 
9,680 

62,947 
67,845 

2,179 

19 70- 

$290,400 

21,400 
30,000 
35,000 
23,600 

39,900 
36,500 
25,100 
78,900 

12.855 

--- 
8,088 
4,767 --- 

195,600 

34,050 
18,566 
9,615 

63,308 
68,061 

2,000 

$509,366 - $479,48 1 - $498,855 - 
SUM 10 



(Thousands of dol lars)  
19 70 19 68 1969 -I 

TRACKING ANI) DATA ACQUISITION 
PROGRAMS ANI) PItOJECTS 

Research an<l&velopment 

Tracking cind data acquisit ion.  . $275.850 

Construc t i o n 2 F  F a c i l i t i e s  1.930 

Jet  Propu:Lision Laboratory. . . 1,930 
-0 - Various Locations. o .  . . . o .  . . 

TOTAL. Y'IZAACKING AND W T A  
ACQUI!3:CT:CONa o o o o 0 $2 7 7,780 * 

TECHNOLOCP 1J'L'IILIZATION - Research 
and Devc l o p r g ~ ~ ;  $ 4,000 

$279,672 &2!98.000 

17.000 21.975 -. 

-0- -0.. 

21,975 17,000 

$315,000 
s 7  

$30 1,647 

$ 5,000 - - - $ 3,800 

SUM 11 

332-955 0 - 69  - 2 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

NUMBER OF PERSONNEL POSITIONS 

F i s c a l  Year 
1968 

F i s c a l  Year 
1969 

F i s c a l  Year 
1970 

MANNED SPACE FLIGHT............... 13,961 13,285 13,035 

John F. Kennedy Space Center ,  
NASA.......................... 

Manned Spacecraf t  Center........ 
Marshal l  Space F l i g h t  Center.. . .  

2,917 
4,604 
6,440 

2,921 
4,383 
5,981 

2,881 
4,303 
5,851 

SPACE SCIENCE AND APPLICATIONS.... 4,316 4,731 4,900 

4,243 
488 

4,412 
488 

Goddard Space F l i g h t  Center.. . . .  
Wallops Station... . . . . . . . . . . . . . .  

3,822 
494 

11,533 ADVANCED RESEARCH AND TECHNOLOGY.. 12,040 11,577 

Ames Research Center............ 
E l ec t ron ic s  Research Center..... 
F l i g h t  Research Center.......... 
Langley Research Center......... 
L e w i s  Research Center........... 
Space Nuclear Propuls ion  Off ice .  

2,083 
7 94 
566 

4,037 
4,452 

108 

1,974 
844 
539 

3,885 
4,235 

100 

1,956 
900 
534 

3,849 
4,195 

99 

SUPPORTING OPERATIONS 

2,152 

31,745 

2,132 

31,600 

NASA Headquarters.  .............. 2,154 

TOTAL PERMANENT POSITIONS..... 32,471 

POSITIONS OTHER THAN 
PERMANENT................. 2,170 2,193 

33,938 

2,193 

33,793 TOTAL POSITIONS............... 34,641 

SUM 1 2  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED APPROPRIATION LANGUAGE 

h S E . 4 H C H  A N D  L)EVELOPMENT 

For ricccssary 6xpensos,  n o t  othcrwis: p rov ided  for, including 
research, deve lopmen t ,  opera t ions ,  services,  inirior cons t ruc t ion ,  
[supplies, n ia te r ia l s ,  eq i i i pmen t ; ]  n ia in tcnance ,  rcpair ,  a n d  a l t e r a -  
t ion of rea l  and personal  p r o p e r t y ;  a n d  pu rchase ,  hire,  inairi tcriancc,  
arid opcra t ion  of o t h c r  t h a n  a d m i n i s t r a t i v e  a i r c ra f t  necessary for 
tho conduc t  and support  (if a e ronau t i ca l  and s p a c e  r e sea rch  a n d  devel-  
aprriciit ac t iv i t ies  of  t h e  N a t i o n a l  Aeronaut ics  a n d  Space  Adminis -  
t r a t ion ,  [$3,370,300,000] $3,051,&27,000, t o  r ema in  ava i lab le  u n t d  
cxlwiided. (42 U.S.C. 2461, et seq., 60 U.S.C. 611-615; Independ-  
ent OJices and  Departwent  of Housing  and U r b a n  Development 
Appropr ia t ion  A c t ,  1960; addit ional  authorizing legislation to be 
proposed.) 

RD 1 





NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

P r c p ~  znd Financing (in thniisands of dollars) 
___ .- ________ 

Dudaet plan (amounts for research and 
de\ elulment actions programed) 

Costs and obligations 
Identification code 

1968 actual 1969 estimate 1970 eatimate 1968 actual 1969 estimate 1970 estimate 2 7 m  low-1-251 
~ _ _ _ _  

Program by activities: 
Direct program: 

I .  Manned spac.e flight: 
(a) Cenuni _.______________________________________-..- __.___..-__. --...__--___ --_.--- --- - -  4.808 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  
(b) Apollo _____.__________________________________----- 2,556,030 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 

155.981 144,191 134,958 177,902 158.800 135,200 (a) Physics and astronomy _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
(b) Lunar and planetary exploration- __________________.- 156,874 97.770 166,151 169,177 113,000 152.500 

(d) Launch vehicle development and support ____________.- 82,797 53.722 74.440 99,627 60.000 70,050 
3. Space applications _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -  110,332 105,039 148,601 107,628 -~107.000 .l4l.800 

237,688 193,665 190,350 245.0% -217.200 203,950 4. Space technology- - - _ _ _ _  _ _  - - - _ _ _ _  _ _  - _ _ _ _  - - _________. - - -- 
5. Aircraft technology- - - - - - _. - - _ _  . - - - - _ _ _ _ _ _  - - _ _ _ _ _  - _ -  - - - - -  
6. Supporting activities: 

(a) Tracking and data acquisition .._____._. -_.'--- ____.___ 275,850 279,672 298,000 285.002 295, 000 321,700 
(b) Sustaining university program __.______. _ _  - _ _ _ _ _ _ _ _ _ _ _  10,000 9.000 9.000 40,473 26,000 23.000 

5,000 

(d) Advanced manned mission studies ~ 2.500 11,500 3.933 4,000 10,000 

(c) Biosaence- . .  - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _________________..--- 42,800 34,300 34.000 . 43.812 37.000 34.000 

-__..---...- 

2. Scientific investigations in space: 

81,400 94,900 100.700 70.694 -87,000 -96,400 

(c) Technology utillzahon .___.___ _.__ _._ - - -: _ _ _ _  .-- _- - -  3.800 5.000 4,320 4.000 _- 4,000 . .  . 

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: 

I 

12 

84 - ~ - - - - - - -. - - - 

665 

1. Manned space flight: 
(a) Gemilu _______.____.___..______________________---- __________._ __.._.___.__ - _ _ _ _ _ - -  _ _ - -  
(b) Apollo ___________________.____________________---- 212 615 555 261 709 555 
(c) Apollo applications .____. . . . . . . . . . . . _.__ _____. . -. .. - 371 

2. Scientific investigations in space: 

3. Space applications-. . .  _. . . ._. . . . . -. . . ~ -. . . . -. . . ____. ~. -. ~ ~ - 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: 

306 _ _ _  - -. . - - - - - - - - - - - - - - - - -. . .  

5,412 5.744 494 8, I32 11.292 494 (a) Physics and astronomy ._.._-.._. _........_........_ 

(a) Tracking an4 acqu oii .... -..- 598 500 500 243 678 500 
4 - - -. . - - - - . . - - 

- 
42 (cj Technology utilization .__._... . . ..~.~. ~ _...._..._._. . . ~... ......._.___ _.__________ 

_____ 
82,059 112,567 67,000 

~ ~~~~ . ~~ ~ 

Total reimbursable program costs.-. . . . . .__ .. . . -. . . - 67,795 68.000 67,000 
w 
U 
w 

Total program costs, funded- . . ~. ~. . . -. . . __. .. ~. . . 4,034,747 5,261,559 3,235,900 3,951,264 3,747.567 3,304,600 
-69,980 -174.860 -68,700 

IO Total _..__._ ~ ............................................ 4,034,747 3,261,559 3.235.900 3,881,284 3,572,707 3,255,900 

Change in selected resources 1 ...__. .. ._ .. . ~ .~ . ~ .  . ~. - _.. . . . ~ -. . . . - -. . - -. . . -.- ___..- -_.--- ---.. ----. - -  
_____ _____ 



RESEARCH A N I) 0 r : v  mo PM E NT --Con tin tied 

Program and Financing (in thouaands of dollars)-Continued 
-. - 

Budget Ian (amounts for research and Costs and obligations 
Jdrntificntion  cod^ devegpnient actions programed) 

1968 netunl 1909 edtirnato 1970 estimate 1YG8 actual 1YG9 estimate 1970 estimate 274-01084-1-251 

Financing : 
Receipts and reimbursements froni: 

-63,233 -56.000 -59.200 -63.233 -56.000 -59,200 1 1  Federal funds..- __. - -. .. .. . .... . . ~. -. . ... . . . .. . 
-7,800 I4 Non-Federal sources ? - -  ~ . . . . . . . . . . -. -. -. -. . . . . 

Adjustment to prior year reimbursable orders..-. -. _ _  - - -. .. . . . . . . . - _. . - - _ _  - - - _. _ _ _  - - . .._ - _ _ _ _ _ _ _  __.________. . 

21 Unobligated balance available, start of year: 
For completion of prior year budget plans ._____.._.___ _ _ _ _ _ _ _ _ _  _ _  - _ _ _ _ _ _ _ _ _ _ _ _  _......._.._ - 160,362 -31 I ,  148 __.__________ 

Available to finance new budget plans.. . . - - _ _  _ _  ._. - - - - - - _ _  - - - - . - - ~ _ _  - -. - - - - - - _ _  - - - - - -. - 1 17.473 -56.352 _ _  .- _ _ _  - _ _ _  - 1  17.473 
23 Unobligated balance transferred to other accounts.. _ _ _ _  _ _ _ _  _ _  _ _  _ _ _  

Reprograming from prior year budget plans.. . - - - - - - - - - - - - - - - - - - - - 55.402 - - - - - - - - _ _  _ _  - -. - - - - - - _ _ _  - - - - - - -  - - _ _ _  - - - - - -. _ _  _ _  - - - _ _  _ _ _ _ _  - - - - 
24 Unobligated balance available, end of year: 

For completion of prior year budget plans.-. _. _ _ _ _ _ _ _ _ _ _  .______ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  - _ _  - - _ _ _  31 I ,  148 _ _ _  - _ _ _ _ _ _ _  - ___._________ 

Available to finance new budget plans-- ~ .___________._________ ___________. 117.473 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  117,473 ____.________ 

Budget authority ___----___.____._.______________________-- 3,911,550 3,311,032 3,051,427 3,911,550 3,311,032 3.051.427 

-. . . . . . . . . . 

-. . . . -. 

_ _ _  -. . . . 
-1.535 -12.000 -1.535 -12,oOo -7.800 

- 3,027 

- _ _ _ _ _ _ _ _ _ _  - _ _ _ _ _  _ _  _ _  _ _  ~ _ _ _ _  - _ _ _ _  _ _ _  600 - - - - - - - - - - - - - - - - - - - - - - 

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 ___.________ -13.4.50 -59.268 _ _ _ _ _ _ _ _ _ _ _ _ _  
43 Appropriation (adjusted) .____._.....___..__________________ 3,911,550 3,311,032 3,051,427 3,911,550 3,311,032 3,051,427 

____ ____ - 

Total selected resources _______..______ 

~ - ~ - -  
- - - - _ _ _ _ _ _ _ _ _ _ -  1,092,604 -5,735 1,016,889 842,029 773,329 

2 Reimbursements f r o m  non-Federal sources  a r e  receipts for services performed cn Communications Satellite Corporation projects  (42  U.S.C. 2473). 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

SUMMARY 0 1 7  RESFAEEH ANT.) DEVELOPMENT ___ -- I- BUDGET - PLAN BY PROGRAM BY __I-_- COGN IZAN'I' -- OFFICE 
II--- 

(In thousands of dollars)- 

BUDGET 
ACTIVITY OF]? ICl.:/PROGRAM 

Fiscal Year Fiscal Year Fisca:l. Year 
1!170 1969- _______-- 1968 --- 

MANNED SPACE FLIGHT ............. A___ $2 809,230 $2,177,500 _- $ 2  2 2 - L -  007 700 
~ __- 

lb Apollo ........................ 2,556,030 2,025,000 1,6!i1,100 
lc&d Space f.light operations.. ..... 253,200 150,000 3.54 loo** 
Id Advanced missions............. --- 2,500 2 , 500 

125,116 119 , 600 

exploration ................. 147 , 500 81,800 146,800 
41 800 32,700 32,400 
99 , 500 98,600 135,800 * Launch vehicle procurement .... 124,550 100,200 124,200 

2a Physics an,d astronomy......... 139 500 
2b Lunar and planetary 

2c Bioscience.................... 
3 Space applications ............ 

UNIVERSITY AFFAIRS 
I_- --- 

9,000 6b Sustaining university program. 10,000 - 9,000 -- 

465 
4 
4&5 
4& 5 
4 

4 
4 
5 

Basic research................ 
Space twhicle systems. ........ 
Elec t r oni c: s systems. .......... 
Human factor systems.. ........ 
Space p o w e r  and electric 
propu:tsj.on systems. ......... 

Nuclear rockets. .............. 
Chemica:L propulsion.. ......... 
Aeronau1:ic:al vehicles.. ....... 

21 465 
34,100 
38,057 
19,828 

43,735 
54 , 000 
37,037 
66,800 

21,000 
31,700 
34,771 
19,700 

42 200 
32 000 
28 , 900 
74,900 

21,400 
30 000 
35,000 
23,600 

39,900 
36,500 
25 100 
78,900 

......... 3 800 4 000 6c -.__I_--__ TECHNOLO(;Y UTILIZATION. --__ 2- _ _  2--.- 

TOTAL IkYUDGET PLAN ............. $3,193,559 -- - $3 7 .  L68,900*'k 

*Funds for the procurement of launch vehicles are statistically distributed Lo 
unmanned flight programs (e. g. , Physics and Astronomy, Space Vehicle :Systems) 
**Includes application of $117,473 which has been reserved from apportionment 
pursuant t o  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 
___------_L-- 

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

Lunar and Plan$cazyJFzLorat ion Program 

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

The objectives of the Nariner-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:l. 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; clf the planet's surface characteristics and properties of its 
atmosphere. Although the experiments will emphasize Mercury, they will also 
be used to c:oIlect additional data on Venus such as the acquisition of tele-- 
vision pict.ures 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 develcipments, 
especially the scientific instruments. 

Planetairy Explorers ................ $8,000,000 

The PLmetary Explorer spacecraft is a small, relatively Inexpmsive, 
planetary orbiter which will serve to complement the larger and mort! complex 
Mariner spacecraft series in exploring Mars and Venus and their space environ- 
ment efficiently and economically. Its magnetic cleanliness and 50 lb. payload 
capability inaltes it an ideal carrier for instruments to measure both planetary 
and interp.lanetary particle and field environments, as well as for illanetar-y 
upper-atmosphere experiments. A block of 5 fllghts will provide foi- 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 Ffars Ln 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 Ap@ications 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-orjented 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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NERVA Development .................. $27,500,000 

The objective of this joint NASA-AKC 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 perfoimancl? poten- 
tial of chemical rockets. 

Initiation of full-scale development, including final engine de:sign, 
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 MANNIcDljPACE FLIGHT APOLLO PROGRAM 

PROGRAM OBJECT['Elj AND JUSTIFICATION: 

From i t s  incept ion ,  t he  Apollo program has focused on developing and demon- 
s t r a t i n g  a b a s i c  n a t i o n a l  c a p a b i l i t y  t o  conduct manned space ope ra t ions  around 
the  e a r t h  and inooin, and on the  moon. The development of t he  Apollo s p a c e c r a f t ,  
t he  Sa turn  launch v e h i c l e s  and the  a s soc ia t ed  ope ra t ions  base,  w i th  the  con- 
s t r u c t i o n  of t'he ground f a c i l i t i e s  requi red  t o  achieve t h i s ,  has  broughl: 
t oge the r  t he  Largest and most v a r i e d  s c i e n t i f i c  and engineer ing  team evler 
assembled f o r  .a peacefu l  program. This pa r tne r sh ip  of i ndus t ry ,  u n i v e r s i t i e s ,  
and government has advanced t h e  Apollo program t o  the  po in t  where the  n.iationa1 
goal  of manned luna r  landing and r e t u r n  dur ing  1969 i s  w i t h i n  reach. The 
accomplishment of t h i s  goal  w i l l  be a dec i s ive  demonstration of t he  Nat:l.on's 
a b i l i t y  t o  conduct complex space ope ra t ions ,  and w i l l  provide a sound foun- 
da t ion  f o r  a new and inc reas ing ly  product ive e r a  i n  space f l i g h t .  The Elight 
hardware being produced, t he  s p e c i a l i z e d  s k i l l s  of t he  workforce,  t he  n,ntion- 
wide complex of labora tory ,  manufacturing, t e s t ,  and launch f a c i l i t i e s  , and 
the  technology c rea t ed  i n  Apollo,  e s t a b l i s h  a v e r s a t i l e  and powerful n a t i o n a l  
a s s e t .  

Saturn/Apollo f l i g h t s  began i n  October 1961 when a Sa tu rn  I demonstrated 
the  propuls ion concept of c l u s t e r i n g  l a r g e  l i q u i d  fue led  engines.  Seven 
years  l a t e r ,  i n  October 1968, a f t e r  f i f t e e n  success fu l  f l i g h t s ,  t h e  Apollo 
phase of the  Sa turn  I / I B  s e r i e s  of launches was concluded w i t h  t he  completion 
of t he  Apollo 7 mission. The Apollo 5 mission,  us ing  a Sa tu rn  I B ,  r e s u l t e d  
i n  the  i n i t i a l  f l i g h t  test of t h e  Lunar Module. This  unmanned t e s t ,  i n  
January 1968, v e r i f i e d  the  a scen t  and descent s t a g e  propuls ion  systems, 
inc luding  r e s t a r t  and t h r o t t l e  ope ra t ions ,  and q u a l i f i e d  the  Lunar Module f o r  
manned f l i g h t  t e s t i n g .  

Apollo 7 ,  t he  f i r s t  manned Apollo mission,  was launched from Cape Kennedy 
on October 11, 1968 and added a number of " f i r s t s "  t o  t h e  h i s t o r y  of manned 
space f l i g h t .  It  was t h e  f i r s t  American f l i g h t  w i th  a three-man crew i n  one 
spacec ra f t .  It was t h e  f i r s t  manned mission where the  s p a c e c r a f t  had i t s  awn 
propuls ion  system, a 20,500 pound t h r u s t  engine,  f o r  major maneuvers i n  e a r t h  
o r b i t .  It was t h e  f i r s t  manned demonstration of t h e  spacec ra f t  and ground 
support  communjcations system requi red  f o r  deep space ope ra t ions ;  t he  f i r s t  
t e s t  of t he  t e l . ev i s ion  equipment planned f o r  a manned luna r  mission;  and the  
f i r s t  use of an advanced on-board computer capable  of c o n t r o l l i n g  the  space- 
c r a f t ' s  a t t i t u d e  and v e l o c i t y .  

The f i r s t  A p 0 1 1 0  Sa tu rn  V ,  an unmanned development t e s t  f l i g h t  designated 
Apollo 4, was launched on November 9, 1967. During t h i s  Apollo 4 mission,  
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t he  Sa turn  V v e h i c l e  launched an  Apollo Command and Serv ice  Module i n t o  a 
h igh  e l l i p t i c a l  o r b i t  to  t e s t  t he  systems and t o  v e r i f y  t h e  h e a t s h i e l d ' s  
a b i l i t y  t o  withstand t h e  i n t e n s e  hea t  of re -en t ry  from lunar  d i s t ances .  
major test o b j e c t i v e s  were achieved, and the  6 m i l l i o n  ind iv idua l  p a r t s  i n  
the  complex Sa tu rn  V performed r e l i a b l y .  
t he  Sa turn  V occurred on A p r i l  4, 1968. During t h i s  Apollo 6 mission, t he  
"POGO" phenomenon ( l o n g i t u d i n a l  o s c i l l a t i o n s )  developed, causing unacceptably 
high s t r e s s e s  i n  the  space veh ic l e .  Add i t iona l ly ,  i g n i t e r  f u e l  l i n e s  i n  the  
upper s t a g e s  ruptured ,  r e s u l t i n g  i n  a premature shutdown of two engines  on 
t h e  second s t a g e ,  and t h e  f a i l u r e  of t he  t h i r d  s t a g e  engine t o  r e s t a r t .  
Despi te  t hese  d i f f i c u l t i e s ,  t he  Sa tu rn  V placed the  Apollo spacec ra f t  i n t o  
o r b i t  around the  e a r t h .  The r e s o l u t i o n  of anomalies t h a t  occurred i n  
Apollo 6 by a government and i n d u s t r y  t a s k  team under the  d i r e c t i o n  of t h e  
Marshal l  Space F l i g h t  Center is considered an outs tanding  t e c h n i c a l  achieve- 
ment, The POGO and f u e l  l i n e  rup tu re  problems were resolved through an  
ex tens ive  program of f l i g h t  da t a  a n a l y s i s ,  mathematical  modeling us ing  
computers, and ground t e s t i n g ,  and the  Sa turn  V launch v e h i c l e  was determined 
t o  be ready f o r  manned f l i g h t .  

The 

The second unmanned f l i g h t  t e s t  of 

I n  the  h i s t o r y  of man, t he  f l i g h t  of Apollo 8 w i l l  be chronic led  as t he  
f i r s t  time man eve r  escaped t h e  bondage of h i s  p l a n e t ,  f lew t o  another  
c e l e s t i a l  body and o r b i t e d  around i t ,  and s a f e l y  re turned  t o  ea r th .  On 
December 21 ,  1968, t h e  f i r s t  manned Sa tu rn  V launch v e h i c l e  s e n t  t he  Apol lo  
crew of Astronauts  Borman, Love11 and Anders i n t o  a completely success fu l  t e n  
o r b i t  mission around the  moon. The luna r  o r b i t s  a t  s i x t y  n a u t i c a l  mi les  
provided f u t u r e  Apollo crews wi th  va luab le  information on luna r  l i g h t i n g ,  
lunar  f e a t u r e s  and landmarks, and confirmed man's a b i l i t y  t o  acqui re  re ference  
p o i n t s  f o r  guidance purposes. The mission t e s t e d  t h e  ope ra t ion  of t he  t r ack -  
ing  and communication systems a t  l una r  d i s t a n c e s ,  and provided va luable  da t a  
on pe r tu rba t ions  i n  luna r  o r b i t  t h a t  a r e  thought t o  be t h e  consequence of 
concent ra t ions  of heavy meta ls  beneath the  l u n a r  sur face .  The incorpora t ion  
of t hese  pe r tu rba t ions  i n t o  the  c a l c u l a t i o n s  f o r  rendezvous and docking during 
l a t e r  l una r  missions w i l l  be of g r e a t  a s s i s t a n c e  i n  a s su r ing  the  success  of 
t hese  maneuvers. The f l i g h t  was a demonstration of the  c a p a b i l i t y  of t he  
spacec ra f t  t o  func t ion  and support  man i n  the  h o s t i l e  environment of space 
233,000 miles from the  e a r t h ;  of t h e  accuracy of t he  guidance and naviga t ion  
systems; of i t s  a b i l i t y  t o  maneuver and change course;  and of t he  h e a t s h i e l d ' s  
and s p a c e c r a f t ' s  s t r u c t u r e s  capac i ty  t o  wi ths tand  t h e  fo rces  and hea t  a t  t he  
h igh  speed of e a r t h  r e -en t ry  from luna r  d i s t ances .  

On Apollo 9, t he  fou r th  Sa tu rn  V w i l l  launch an Apollo Conrmand and Serv ice  
Module and Lunar Module i n t o  o r b i t  around t h e  e a r t h  t o  perform the  rendezvous 
and docking maneuvers t h a t  w i l l  be requi red  f o r  a landing mission. For the  
f i r s t  time, the  Command and Se rv ice  Module w i l l  dock wi th  the  Lunar Module, 
and two of t he  t h r e e  Apollo crew members w i l l  t r a n s f e r  t o  t h e  Lunar Module. 
The r e l i a b i l i t y  and performance of t h i s  module w i l l  be evaluated dur ing  these  
manned s imula t ions  of l una r  opera t ions .  The fol lowing mission,  Apollo 10, 
i s  planned a s  t he  l a s t  major s t e p  before  a manned luna r  landing may be 
attempted. This  mission w i l l  be an o p e r a t i o n a l  checkout of t h e  complete 
Apollo spacec ra f t  i n  o r b i t  around t h e  moon, inc luding  rendezvous and docking. 
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The success  of these  two missions,  Apollo 9 and 10, w i l l  provide the  experience 
to  attempt t h e  i n i t i a l  l u n a r  landing. It should be recognized t h a t  although 
t h i s  mission ?sequence l ead ing  to  t h e  i n i t i a l  l u n a r  landing r e p r e s e n t s  t h e  
primary plan,  calternate Apollo planning recognizes t h a t  a requirement f o r  
a d d i t i o n a l  miri:sions p r i o r  t o  t h e  landing attempt may become apparent a$#) t h e  
program procer?ds., For t h i s  e v e n t u a l i t y ,  t h e  program has t h e  c a p a b i l i t y  t o  
r epea t  any mis:sion a s  required t o  e s t a b l i s h  a sound b a s i s  f o r  moving t o  the  
next s t e p  i n  the  mission sequence. 

SUBBfARY OF REIgWtJtCES REQUIREMENTS: 

(Thousands of  Do l l a r s )  
3.970 - 1968 1969 

Spacecraf t .  ..................... $i,034,700 $ 902,800 $ 053,eoo 

11,000 Lunar exploration... . . .  ......... --- --- 
Sa tu rn  IB....................... 101 , 100 41,347 --- 
Engine development 20.500 - 

Sa tu rn  V.. . . . . . . . . . . . . . . . . . . . . . .  853,965 5 34,45 3 1'196,700 

Operations ...................... 545 , 765 546,400 l r8  9 , 600 

--- --- .............. 
Total......................... $2,556,030 $2,025,000 sl,ti51,100 

BASIS OF F"D-RE()UIREMENTS: 

Spacecraf t  

The Apollo s p a c e c r a f t  c o n s i s t s  of t h r e e  modules: t h e  Command Module, t h e  
Service Modulle, and the  Lunar Module. The Command Module is a double-l3helled, 
conic a 1 s ha peld spa ce c r a  f t cont a i n  i n g  s ys t ems f o r  communi ca t ions  ; env i r onmen t a 1 
c o n t r o l ;  guidance and nav iga t ion ,  s t a b i l i z a t i o n  and c o n t r o l  f o r  i n f l i g h t  and 
re-entry manuevering; thermal p r o t e c t i o n  aga ins t  t h e  heat  of  r e -en t ry ;  and 
e a r t h  landing systems. Providing t h e  l i v i n g  and crew s t a t i o n  q u a r t e r s ,  i t  i s  
the  only hardware used during a mission t h a t  i s  recovered. The Service Module 
i s  a c y l i n d r i c a l  s t r u c t u r e  s t o r i n g  most of t h e  s p a c e c r a f t  consumables such a s  
oxygen, hydrogen, and propuls ion f u e l s .  The Se rv ice  Module con ta ins  the main 
spacec ra f t  propuls ion system providing 20,500 pounds of t h r u s t ;  t h e  remction 
c o n t r o l  system f o r  secondary propuls ion and maneuvering; t h e  e l e c t r i c a l  power 
system; and elements of t he  communication and environmental c o n t r o l  systems. 
The Lunar Module i s  a se l f - con ta ined  v e h i c l e  c o n s i s t i n g  of a descent  s t a g e  and 
an ascent  s t a g e  *with a two-man cabin.  The module serves a s  a base of operations 
on the  s u r f a c e  of t h e  moon. Each s t a g e  i s  equipped w i t h  i t s  own engine - t he  
descent s t a g e  engine provides the  d e c e l e r a t i n g  fo rce  necessary fox a s o f t  
landing; the ascent  s t a g e  engine launches t h e  two a s t r o n a u t s  up from t h e  
su r f ace  of the moon t o  the  o r b i t i n g  Command and Se rv ice  Module. Eleven 
Command and Se rv ice  Modules w i l l  be i n  v a r i o u s  s t a g e s  of product ion and 
f a c t o r y  checkout during FY 1970. 

During FY 1970, e leven Command and Se rv ice  Modules and seven Lunar 'Modules 
w i l l  be i n  va r ious  s t a g e s  of production and checkout. Funds a l s o  provide f o r  
spacec ra f t  i n t e g r a t i o n ,  checkout, and r e l i a b i l i t y ,  t es t  o p e r a t i o n s ,  crew 
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equipment, space s u i t s ,  l o g i s t i c s ,  instrumentat ion,  and s c i e n t i f i c  equipment. 

Sa tu rn  V 

The Sa tu rn  V launch v e h i c l e ,  t h i s  country 's  most powerful rocke t ,  possesses  
nea r ly  f i v e  times t h e  t h r u s t  of t h e  Sa tu rn  I B .  Comprised of t h r e e  propuls ion 
s t a g e s  and an instrument u n i t ,  t he  Sa tu rn  V can launch payloads of nea r ly  145 
tons i n t o  low e a r t h  o r b i t ,  o r  payloads of 50 tons  t o  t h e  moon. The p r o j e c t  
includes f i f t e e n  f l i g h t  v e h i c l e s  f o r  a planned series of unmanned q u a l i f i c a t i o n  
f l i g h t s ,  manned luna r  landing s imula t ions  and manned luna r  landing. 
f a c t u r i n g ,  systems i n s t a l l a t i o n ,  tes t  and checkout of t he  l a s t  seven v e h i c l e s  
w i l l  be underway i n  FY 1970. 
c a p a b i l i t y  f o r  r e s o l v i n g  any Sa tu rn  V problems encountered i n  t h e  f l i g h t  
missions,  and f o r  engineer ing support  a c t i v i t y  required f o r  f l i g h t  evaluat ion.  
Five Sa tu rn  V launches a r e  planned f o r  t h e  budget year .  

Manu- 

FY 1970 funds a l s o  provide a quick response 

Lunar Explorat ion 

The a c t i v i t i e s  and developments necessary t o  expand t h e  c a p a b i l i t i e s  and 
use fu lness  of b a s i c  Apollo hardware t o  conduct extended e x p l o r a t i o n  of t h e  
moon a r e  being s t u d i e d  i n t e n s i v e l y .  Man's c a p a b i l i t i e s  t o  conduct such an 
e x p l o r a t i o n  must be enhanced by extending h i s  l una r  s tayt ime beyond t h e  one- 
day c a p a b i l i t y  i n  p re sen t  Apollo hardware, and by expanding the  r a d i u s  of 
h i s  e x p l o r a t i o n  through t h e  use  of a s t r o n a u t  m o b i l i t y  a i d s  and t h e  develop- 
ment of  l una r  t r a v e r s e  v e h i c l e s .  FY 1970 funding w i l l  be used f o r  t he  
d e f i n i t i o n  of mod i f i ca t ions  t o  Apollo hardware, new system requirements and 
experiments. 

Ope r a t  i ons  

Operations c o n s i s t s  of crew t r a i n i n g ,  launch, f l i g h t  and recovery, and the  
program wide t e c h n i c a l  and Department of Defense support  required f o r  manned 
space f l i g h t s .  Included i n  the  Apollo p o r t i o n  of ope ra t ions  is  funding of 
t he  b a s i c  c a p a b i l i t y  t o  conduct manned f l i g h t  t o g e t h e r  w i th  a c t i v i t i e s  
necessary f o r  s p e c i f i c  Apollo missions.  The a s s o c i a t e d  ope ra t ions  p r o j e c t  
included i n  Space F l i g h t  Operations funds only those e f f o r t s  unique t o  t h a t  
program. 

The two p r i n c i p a l  c e n t e r s  f o r  launch, f l i g h t  c o n t r o l  and recovery a c t i v i t i e s  
a r e  t h e  Kennedy Space Center,  F lo r ida  and t h e  Manned Spacecraf t  Center,  Texas. 
The Kennedy Space Center is r e spons ib l e  f o r  checkout of both the  launch 
v e h i c l e s  and t h e  s p a c e c r a f t ;  maintenance and ope ra t ion  of t he  launch f a c i l i t i e s ;  
f i n a l  i n t e g r a t i o n  and i n t e g r a t e d  checkout of t h e  space v e h i c l e  which includes 
the launch v e h i c l e  payload; t h e  ope ra t ion  and coordinat ion of support ing 
f a c i l i t i e s ,  ground support  equipment and l o g i s t i c s  support ;  and the  conducting 
of the launch. The Manned Spacecraf t  Center (MSC) i n  Houston i s  the  head- 
q u a r t e r s  f o r  a l l  crew, f l i g h t ,  and recovery ope ra t ions .  The a s t ronau t s  a r e  
based a t  t h i s  Center a long w i t h  most of t h e i r  e s s e n t i a l  t r a i n i n g  equipment. 
Also a t  MSC is  t h e  Mission Control  Center w i t h  i t s  h igh ly  s o p h i s t i c a t e d  
computer complex and ex tens ive  communications l i n k s  t o  t h e  t r a c k i n g  network 
and o t h e r  worldwide d a t a  sources .  
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Technicrill ope ra t ions  provides  f o r  t h e  systems engineer ing needed f o r  t h e  
i n t e g r a t e d  t e c h n i c a l  support ,  review, and a n a l y s i s  of t h e  e n t i r e  Apclllo 
program; the support ing development necessary f o r  product improvement; f o r  
t he  c o n t r a c t o r  admin i s t r a t ion ,  a u d i t ,  and p rope r ty  admin i s t r a t ion  s e r v i c e s  
provided by the  Department of Defense on a reimbursable b a s i s ;  and f o r  t h e  
nonrecurring maintenance and r e h a b i l i t a t i o n  of government awned i n d u s t r i a l  
p l a n t s .  I n  F71 1970 systems engineer ing s e r v i c e s  provide f u n c t i o n a l  and 
performance s tandards f o r  Apollo developed hardware; t e c h n i c a l  i n t e i p a t i o n  
and evaluat: ion; t e c h n i c a l  documentation; and o v e r a l l  t r a j e c t o r y  a n a l y s i s .  
Funding f o r  support ing development w i l l  concen t r a t e  on engineer ing e f f o r t s  
t o  improve Manned Space F l i g h t  hardware. The na tu re  of t hese  effor1.s vary 
widely,  extending from a l t e r n a t i v e  subsystems t o  new subsystems t o  new 
m a t e r i a l  frabrtcation and t e s t i n g .  E f f o r t  i n  FY 1970 w i l l  be devoted t o  
those promising a r e a s  h igh l igh ted  i n  previous work w i t h  new t a s k s  focusing 
on appl ied systems development. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE 01: MANIJEI) SPACE FLIGHT 
_.--_ I---- 

SPACE FLIGHT OPERATIONS PROGRAM 
I- ___--- 

PROGRAM OB JEW IVES AND JUST IF ICAT I O N  : 
_____I_.I _-- 

The Space F l i g h t  Operat ions program is d i r e c t e d  toward inc reas ing  t h e  
s c i e n t i f i c ,  t e c h n i c a l  , and economic r e t u r n  on t h i s  n a t i o n ' s  investment: i n  
technology: l l i a ~ ~ ~ ~ h ,  product ion,  and ope ra t ions  f a c i l i t i e s :  t h e  s c i e n t i f i c ,  
engineer ing and management s k i l l s  and e x p e r t i s e :  ope ra t iona l  techniques;  and 
hardware equiipment developed I n  the  Gemini and Apollo programs. Continued 
use of t h i s  n a t i o n a l  c a p a b i l i t y  is  an e s s e n t i a l  element as t h i s  nat ioi i  
cont inues i ts  i n d u s t r i a l  and t echn ica l  growth and main ta ins  i ts  r o l e  ils a 
technologica l  l eade r  of t he  world. The focus f o r  t he  Space F l i g h t  Opwat ions  
program is t he  development and ope ra t ion  of a manned space s t a t i o n  thii t  can 
be launched :in t h e  mid-1970's. 

I n i t i a l  Space F l i g h t  Operat ions w i l l  be  conducted i n  Apollo App1ic;itions , 
which i s  b u i l t  on t h e  s t rong  base of f l i g h t  experience,  ground f a c i l i t i e s ,  
and t r a ined  rrlanpower developed i n  t h e  Apollo program. Apollo App1icar:ions 
employs the  Saturn I Workshop, t he  Apollo Telescope Mount, and b a s i c  :;pace 
veh ic l e  1iardw.sre developed and procured i n  Apollo. This  b a s i c  hardware is 
being modified t o  meet the  unique requirements of t h e  Apollo Appl ica t ions  
missions and to c a p i t a l i z e  on the  Apollo developed c a p a b i l i t y  by accowplish- 
i ng  a l imi t ed  but  c a r e f u l l y  s e l e c t e d  spectrum of s c i e n t i f i c ,  t echno loe ica l  
and medical i n v e s t i g a t i o n s .  
es tabl ishment  of a long-term space f l i g h t  ope ra t ions  c a p a b i l i t y  j n  the  Space 
S t a t i o n ,  and Euimishes information which w i l l  be used t o  reach sound tlecision:; 
on the  content  and conf igu ra t ion  of our f u t u r e  ope ra t ions  i n  t h e  space environ- 
ment. 

The p r o j e c t  is  a progress ive  s t e p  toward t h e  

(Thousands of Dol.lars :I 
1969 .'1970 --- .--___- 1968 . --- 

Apollo app:Lications .................... $253,200 $150,000 $3O8,800 
Space s ta t ion. . . . . . . . . . . . . . . . . . . . . . . . .  --- --- 9,000 

--- -- - 36 , 300 OperatLons -- - --- ............................ 
Tota l  program plan. .  ................ -2- $253 200 ~- $150,000 $3.54,100 

Applicat ion of funds reserved from apportionment pursuant  
t o  the  Revenue and Expenditure Control  A c t  of 1968 

-1 L7,473 (Pub. L.  90-364, 8 2  S t a t .  251) ............................. _I - 
Budget a u t h o r i t y  requested ................................. - $236,627 

-__I_ 
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BASIS OF FUND REQUIREMENTS: ____ .I-- 

Apollo Applications _-.-. -_ 

Apollo Applications consists of three basic missions and relies primarily 
on hardware developed and produced for the Apollo program. The mission objec- 
t ives 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 LB 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 e n t e r s  and r e a c t i v a t e s  t h e  Workshop and p repa res  f o r  t h e  o p e r a t i o n a l  
phase of t he  mission. Later. a second Saturn TH launches t h e  tininanned Apollo 
Telescone Yount ( A F T )  which will rendezvous and dock wi th  t h e  Workshop. The 
A T i i  i nco rpora t e s  h i  K h  r e s o l u t i o n  s o l a r  t e l e scopes  and spectrographs f o r  obscrv- 
ing  dynamic yhenomena on the  s u r f a c e  and i n  the  corona of t he  sun. 

Backup hardware wi l l  he provided f o r  both t h e  Workshop (with Ilocking 
Adapter and P i r lock )  and the  Apollo Telescone Yount, i nc lud ing  a second se t  
of experiments f o r  t h e  Workshop and So la r  Astronomv missions.  The backup 
f l i n h t  hardware w i l l  provide program assurance i n  the  event  of a malfunct ion 
o r  f a i l u r e  i n  t he  primarv missions.  

Funding i n  FY 1870 w i l l  cover s t o r a g e  and maintenance c o s t s  r equ i r ed  f o r  
t he  Saturn IR’s provided bv Apollo and f o r  cont jnuinF production e f f o r t  on 
v e h i c l e s  .!’ 213 and 2 1 4 ;  d e t a i l e d  engineer ing,  f a b r i c a t i o n .  and c e r t f f i c a t i o n  
t e s t i n g  of modified spacec ra f t  suhsvstems t o  q u a l i f v  them f o r  l o r i p  d u r a t i o n  
missions: and s t a r t  of assembly of flip,l;t Spacec ra f t .  FY 1970 funds w i l l  
a l s o  be  used i n  ex tens ive  development and q u a l i f i c a t i o n  tests of components 
and subsystems of t he  Saturn T Workshop; t h e  Air lock ‘lodule: i l u l t i p l e  Docking 
Adapter; and t h e  ATW. Fabr i ca t ion  of f l i c h t  hardware w i l l  be i n i t i a t z d  
during the  year.  

The Space S t a t i o n  s y s t e m  w i l l  c o n s i s t  of t h e  s t a t i o n  i t s e l f ,  experiments,  
support ing modules and l o g i s t i c  systems f o r  personnel t r a n s f e r  arid resupply.  
Based on the  f ind ings  of completed advanced s t u d i e s ,  a s e l e c t i o n  of d e t a i l e d  
o b j e c t i v e s  and program c o n s t r a i n t s  is  being made and i n d u s t r y  is bein:? asked 
to  prepare prel iminary des igns  of s t a t i o n  and l o g i s t i c  systems configi i ra t ions. ,  
Af t e r  completion of t h e s e  c o n t r a c t u a l  e € f o r t s ,  a comprehensive in-houl;e 
a n a l y t i c a l  r e v i e v  w i l l  be conducted, t o  r e f i n e  concepts ,  develop pre l iminary  
design spec iE ica t ions ,  d e f i n e  snpport  requirements ,  and a s s e s s  pre l iminary  
manufacturine and tes t  requirements.  Funds requested i n  1970 a re  f o r  con- 
t i nu ing  d e f i n i t i o n  s t u d i e s  * prel iminarv engineer inz and necessari’ stipimrting 
work. 

Onerations include e f f o r t s  a t  t h e  Kenriedv Space Center and t h e  Manlied 
Spacecraf t  C m t e r  t h a t  a re  d i r c c t l v  involved with prelaunch,  launch,  El ipht ,  
crew. and recoverv nlanning a c t i v i t i e s  and the  technica l  o p e r a t i o n s  n1:eded 
f o r  integrntl2d t echn ica l  suppor t ,  review, and a n a l y s i s  of t he  Ano l lo  Applica- 
t i o n s  missions.  FY 1970 funds a re  reoilired f o r  mission planninr: and ( ina lys i s : ,  
i n i t i a t i o n  O F  procurement f o r  an A P T  s imula to r :  t r a i n e r  modi f ica t ions  t o  
Apollo Appl i r 3 t  ion conf igu ra t ions :  maintenance of Saturn TF launch c a n a b i l i t y  
includiny eqiiiprnent and systems i n  s t o r a p e ,  bv keening i t  i n  a condi t ion  of 
Rood r e p n i r  ‘ ~ 3  permit r e a c t i v a t i o n  t o  sunport  Apollo Appl i c a t i o n s  lauiiches; 
modif icat ion D f  launch check-out equipment t o  accommodate Apollo Appl ica t ions  
unique hc?rdw;ire: t e s t  planning and procedures f o r  chcck-out of previoiisly 
deac t iva t ed  e ~ u  ipment and systems as well a s  Apol l  o Appl ica t ions  tiniqiie hard- 
ware and dnciiinentation planning f o r  r e a c t i v a t i o n  of launch complexes IFor Apollo 
Appl i ca t ions ,  RD 19 





RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

SUMMARY 

OFFICE OF MAPgll) SPACE FLIGHT ADVANCED hISSIONS ,PROGRAM 

PROGRAM OBJECF'ES AND JUSTIFICATION : 

The ob jec t ives  of t he  Advanced Missions program a r e  t o  examine advanced 
manned space f l i g h t  program concepts ,  inc luding  l o g i c a l  ex tens ions  of t h e  
na t iona l  space c:apabili ty through a n a l y s i s  of p re sen t  hardware systems! f o r  
growth potent:aal.; t o  develop requirements f o r  f u t u r e  systems; t o  provide 
guidance f o r  research  and technology a c t i v i t i e s ;  and t o  p r w i d e  t e c h n i c a l  
information and cos t  da ta  upon which f u t u r e  program dec i s ions  can be tiased. 

SUMMARY OF RESQRCES REQUIREMENTS : 

(Thousands of Dol la rs )  
1968 1969 1970 

Advanced mf:,sl.ons s tud ie s . .  .......... ... $2.500 $2,500 

Total. . . ,  ............................ $ --- $2 300 $2.500 

BASIS OF FUNILE,QUIREMENTS : 

Advanced Missions S tud ie s  

Advanced r;r:uclies provide f o r  f u t u r e  manned space f l i g h t  program planning. 
The s t u d i e s  u t i l - i ze  t h e  c a p a b i l i t i e s  of i ndus t ry  t o  perform conceptual designs 
and provide t echn ica l  t rade-of f  da t a  t o  supplement in-house a c t i v i t i e s .  During 
FY 1969, emphiasis i s  being placed on support  of t h e  Space S t a t i o n  d e f i n i t i o n  
e f f o r t .  

FY 1970 fwrding w i l l  be used as  follows: 

a.  Rescue arid Escape - Stud ies  w i l l  be undertaken t o  examine and i d e n t i f y  
methods and systems f o r  a s t ronau t  escape and rescue on luna r  o r b i t  ancl l una r  
su r face  missions.  Conceptual design of  manned and unmanned e a r t h  based 
rescue s y s t e m  w i l l  be s tud ied  f o r  low e a r t h  and geosynchronous o r b i t  missions;. 
The impact of t h e  pro jec ted  use  of such systems on t h e  des ign  and ope ra t ion  of 
Space Station:;  and lunar  su r face  s h e l t e r s  and v e h i c l e s  w i l l  be assesscbd. 

b. Advanced Lunar S tud ie s  - Stud ies  w i l l  be conducted on advanced s t u d i e s  
which have t h e  p o t e n t i a l  f o r  u t i l i z a t i o n  i n  t h e  l a t t e r  h a l f  of t h e  1970's. 
The s t u d i e s  w i l l 1  be concerned wi th  spacec ra f t  systems requi red  t o  t r a n s p o r t  
personnel  and cargo t o  t h e  moon and systems t o  provide s h e l t e r  and support  



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. 



RESEARCH AND DEVELOPYENT 

FISCAL YEAR 1970 ESTI’QITES 

The Physics and Astronomy proRram is  d i r e c t e d  t o  i n c r e a s e  human ltncnded,ae 
of t he  e a r t h ’ s  space environment, t h e  sun ,  t h e  stars, and more distani:  celes- 
t i a l  bodies .  Research is  bei-nq conducted under t h i s  program t o  imves tip,ate 
the  e a r t h ’ s  upper atmospliere and ionosphere : t he  magnetosphere and thl: 
i n t e r p l a n e t a r y  medium; t h e  s u n ,  t he  stars, and g a l a x i e s ;  cosmic dus t :  cosmic 
rays  and o t h e r  phys ica l  and astronomical  phenomena found beyond t h e  e - i r t h ’ s  
atmosphere. 

Technique:; u:;ed t o  ga ther  information on t hese  phenomena range from 
t h e o r e t i c a l  ,and l abora to ry  research  through a i r c r a f t  , ba l loon  and sounding 
rocket  f l i g h t s  t o  small Explorer s p a c e c r a f t ,  l a r g e  automated o r b i t i n g  
obse rva to r i e s ,  and manned spacec ra f t .  Research groups involved in t h i s  
program are loca ted  a t  NASA f i e l d  c e n t e r s ,  o t h e r  government l a b o r a t o r i e s  , 
u n i v e r s i t i e s ,  and i n d u s t r i a l  l a b o r a t o r i e s .  Oppor tuni t ies  are a l s o  extended 
t o  s c i e n t i s t s  i n  o t h e r  na t ions  t o  p a r t i c i p a t e  i n  the  program through € l i g h t  
experiments on FJASA spacec ra f t  and coopera t ive  sounding rocket  arid s a t e l l i t e  
p r o j e c t s  . 

The d a t a  generated i n  t h i s  program are made widely a v a i l a b l e  t o  the  
s c i e n t i f i c  and t e c h n i c a l  community i n  o rde r  t o  f u r t h e r  advance f u t u r e  
s c i e n t i f i c  research ,  and t o  c o n t r i b u t e  t o  educat ion and the advance of 
technology. 

SUMMARY OF RE S O U R C E S _ ~ ~ Q U ~ ~ - ~ E - ~ ~ :  
(Thousands of Do l l a r s )  

1968 
L- ---I 

Support ins  research  and 
technology/advanced s tud ie s . .  $22,904 

Sounding rockets.. . . . . . . . . . . . . .  20,000 
So la r  observator ies . . . . . . . . . . . .  11,332 
Astronomical observa tor ies . .  ... 44,768 
Geophysical. observa tor ies . . . . . .  20,064 
Explorers  ...................... 17 532 

Data a n a l y s i s  .................. 2,900 

-?-- 

Total. . . . . . . . . . . . . . . . . . . . . . . .  ---z-- $139 500 --- 

1969 
- _ I ~ -  

$19,900 
3,400 

20,100 
12  , 000 
36 , 900 
13,200 
19,61_6_ 

_- $125 -2- 116 - -- 

1970 - ---- - - - 

$19,600 
3,700 

20,100 
1 4  , 800 
28,600 
6,800 

26 000 -L -- 
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BASIS OF FUND REQUIREMENTS: 

Supporting Research and Technology/ 
Advanced S tud ie s  

The Support ing Research and Technology p r o j e c t  provides  f o r  t h e  research  
requi red  to  suppor t  a f i rm foundat ion f o r  space  physics  and astronomy. This  
p r o j e c t  provides  f o r  advanced t echno log ica l  development of experiments and 
s p a c e c r a f t  components f o r  f u t u r e  f l i g h t  programs, t h e  support  of t h e o r e t i c a l  
and l abora to ry  r e sea rch ,  and t h e  conduct of s c i e n t i f i c  f l i g h t  r e sea rch  using 
ba l loons  and a i r c r a f t .  
and i n d u s t r i a l  r e sea rch  c e n t e r s ,  NASA c e n t e r s  and o t h e r  Government agencies .  

The program is c a r r i e d  o u t  by u n i v e r s i t i e s ,  nonpro f i t  

Data Analysis  

The o b j e c t i v e  of t h i s  p r o j e c t  is  t o  e x p l o i t  t h e  d a t a  obta ined  from space 
sc i ence  experiments on NASA s p a c e c r a f t .  Reduced d a t a  records  are forwarded 
by each p r i n c i p a l  i n v e s t i g a t o r  to  t h e  Nat iona l  Space Science Data Center 
(NSSDC) l oca t ed  a t  t h e  Goddard Space F l i g h t  Center. A f t e r  process ing  
and ca t a log ing ,  t h e  a v a i l a b i l i t y  of  t h e  d a t a  is made known to  t h e  world 
s c i e n t i f i c  community through p e r i o d i c  announcements by t h e  NSSDC. 

The funding i n  FY 1970 provides  f o r  a con t inua t ion  of t h e  d a t a  c o l l e c t i o n  
e f f o r t  of t h e  NSSDC. A s  t h e  hold ings  improve, t h e  usefu lness  of t h e  NSSDC 
t o  t h e  s c i e n t i f i c  community is be ing  r e f l e c t e d  i n  an i n c r e a s e  i n  t h e  r eques t s  
f o r  da ta .  The FY 1970 funding also provides  f o r  modest suppor t  of c o r r e l a t i v e  
s t u d i e s  which u t i l i z e  d a t a  from s e v e r a l  s e p a r a t e  i n v e s t i g a t i o n s  as w e l l  as 
new approaches t o  t h e  a n a l y s i s  of  a v a i l a b l e  da t a .  

SoundinR Rockets 

Sounding rocke t s  o f f e r  a uniquely effective means of conducting s c i e n t i f i c  
s t u d i e s  a t  a l t i t u d e s  between 80 and 1,000 miles. 
small, inexpensive v e h i c l e s  capable  of ca r ry ing  a wide v a r i e t y  of instrumen- 
t a t i o n  t o  conduct s t u d i e s  i n  p l ane ta ry  atmospheres, ionospher ic  phys ics ,  
e n e r g e t i c  p a r t i c l e s ,  astronomy, and s o l a r  physics .  Sounding rocket  f l i g h t s  
are extremely u s e f u l  i n  developing ins t rumenta t ion  f o r  later use on satel l i tes .  
The usefu lness  of sounding r o c k e t s  f o r  as t ronomica l  observa t ions  of t h e  sun 
and stars i n  the  X-ray and u l t r a v i o l e t  reg ions  of t h e  spectrum have been 
g r e a t l y  increased  by t h e  development of a c c u r a t e  a t t i t u d e  c o n t r o l  systems 
capable  of s p a t i a l  po in t ing  accu rac i e s  of one a r c  second. 

These rocke t s  are r e l a t i v e l y  

FY 1970 funds w i l l  cont inue  t h e  c u r r e n t  sounding rocke t  program of 100 
t o  125 f l i g h t s  p e r  year .  It is expected t o  u t i l i z e  t h e  r ecen t  advancements 
i n  a t t i t u d e  c o n t r o l ,  t oge the r  wi th  a d d i t i o n a l  improvements i n  t h e  a l t i t u d e  
c a p a b i l i t y  of  t h e  Aerobee series of rocke t s ,  to  provide f o r  g r e a t e r  program 
emphasis i n  t h e  astronomy and s o l a r  physics  d i s c i p l i n e s .  
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-- S o l a r  Observator ies  

The Orb i t ing  S o l a r  Observatory (OSO) is a s p i n - s t a b i l i z e d  s a t e l l i t  e 
designed to  cont inuously p o i n t  a t  t h e  sun and scan t h e  celestial  sphere.  
Observations of s o l a r  and astronomical  events  are recorded and t r answi t t ed  
t o  ground based s t a t i o n s  f o r  a n a l y s i s  and disseminat ion i n  a p p r o p r i a t e  
s c i e n t i f i c  ~~ubl l i ica t ions  by t h e  P r i n c i p a l  I n v e s t i g a t o r s .  
were launched i n  1962 and 1965, r e s p e c t i v e l y ,  and obtained over  8,600 hours 
o f  s c i e n t i f i c  d a t a  including t h e  first long d u r a t i o n  obse rva t ions  of t h e  
X-ray arid u l t i ~ r a v i o l e t  s p e c t r a  of  t h e  sun. OSO-I proved t h a t  i t  was p r a c t i c a b l e  
t o  o r b i t  a 11-Lghly complex s p a c e c r a f t  w i t h  independent s c i e n t i f i c  insr:ruments 
which obtained u s e f u l  s c i e n t i f i c  data .  OSO-I11 and OSO-IV were launched i n  
1967 and each :Ls s t i l l  providing 7.5 hours a day of  real t i m e  s c i e n t i f i c  
data .  Data Erom OSO-111 showed t h a t  t h e  c e n t e r  of t h e  galaxy is  a source of  
gamma rays of energy g r e a t e r  than 50 m i l l i o n  e l e c t r o n  v o l t s .  

OSO-I and OSO-I1 

I n  FY 1970, funds w i l l  provide f o r  continued a n a l y s i s  and p u b l i c a t i o n  
of s c i e n t i f i c  r e s u l t s  based on d a t a  obtained from OSO-IV; o r b i t a l  ope ra t ion  
and d a t a  a n a l y s i s  of OSO-F; completing ground t e s t i n g  f o r  launch p repa ra t ions  
and i n i t i a l  d a t a  a n a l y s i s  f o r  OSO-G; design,  development, and i n i t i a l  manu- 
f a c t u r e  of spacec ra f t  and experiment instrument  components on OSO-H; and 
i n i t i a l  development on OSO-I, J, K. 

Astronomical Obse rva to r i e s  

The Orb i t ing  Astronomical Observatory (OAO) p r o j e c t  is  designed t o  develop 
and use an a c c u r a t e l y  s t a b i l i z e d  automated space  observatory system f o r  
t e l e s c o p i c  observat ions of celest ia l  o b j e c t s  i n  t h e  electromagnet ic  s p e c t r a l  
range from t h e  X-ray region through t h e  u l t r a v i o l e t  i n t o  t h e  v i s i b l e  region. 
The e a r l y  experiments i n  t h e  OAO p r o j e c t  w i l l  provide exp lo ra to ry  sky mapping 
surveys i n  t h e  u l t r a v i o l e t ,  w i t h  la ter  experiments providing high r e s o l u t i o n  
s t u d i e s  of f a i n t  o b j e c t s .  The f i r s t  mission,  launched i n  1966 by an Atlas 
Agena v e h i c l e ,  f a i l e d  t o  achieve its mission o b j e c t i v e s ,  b u t  d i d  provide a 
test of major subsystems and i d e n t i f i e d  weaknesses i n  t h e  observatory system. 
Based on t h e  knowledge gained from t h e  f i r s t  f l i g h t  and a thorough review 
of t h e  p r o j e c t ,  t h e  OAO system w a s  revised.  A f t e r  two y e a r s  of  i n t e n s i v e  
redesign,devel.opment and t e s t i n g  e f f o r t ,  OAO-I1 was launched s u c c e s s f u l l y  
on December 7, 1968 by an Atlas Centaur veh ic l e .  
experiments are now being processed and analyzed. 

Data from t h e  two s c i e n t i f i c  

FY 1970 funds w i l l  provide f o r  completion of t h e  OAO-B observatory tests 
and prelaunch ope ra t ions ,  as w e l l  as support  f o r  launch, i n -o rb i t  ope ra t ions ,  
and processing and a n a l y s i s  of d a t a  from t h e  s c i e n t i f i c  experiment. Funds 
w i l l  a l s o  he used on t h e  OAO-C mission f o r  q u a l i f i c a t i o n  tests of t h e  
experiment;; acceptance tests o f  t h e  f l i g h t  experiment; modification,,  i n t e -  
g r a t i o n ,  arid test of t h e  s p a c e c r a f t  ; and i n i t i a t i o n  of t h e  0bservatc:lry 
tests. 

F1.D 25 



The Orb i t ing  Geophysical Observatory (OGO) p r o j e c t  has as a primary 
o b j e c t i v e  the  accomplishment of a coordinated s e r i e s  of s c i e n t i f i c  s t u d i e s  
of t he  e a r t h ' s  environment and the  e f f e c t  of s o l a r  a c t i v i t y  on t h a t  environ- 
ment. Five obse rva to r i e s  have been launched a t  approximately one y e a r  
i n t e r v a l s ,  s t a r t i n g  wi th  OGO-I i n  1964. These missions and the  planned 
OGO-F mission cover the  per iod  from minimum t o  maximum a c t i v i t y  of t he  c u r r e n t  
sunspot cyc le ,  and provide f o r  widely spaced measurements throughout t h e  
e a r t h ' s  magnetosphere as w e l l  as the  nearby i n t e r p l a n e t a r y  medium. OGO-1 and 
I11 are s t i l l  t r a n s m i t t i n g  d a t a ,  a l though i n  a s p i n  s t a b i l i z e d  mode. OGO-IV 
and V cont inue t o  ope ra t e  i n  t h e  o r i g i n a l  three-axis  s t a b i l i z a t i o n  mode. 
Operat ions of t h e  OGO-I1 s a t e l l i t e  were d iscont inued  i n  November 1967 a f t e r  
two years  i n  o r b i t .  The f i v e  OGO s p a c e c r a f t  have c a r r i e d  105 experiments 
and accumulated over  one m i l l i o n  hours  of experiment opera t ion .  

FY 1970 funds provide f o r  o p e r a t i o n a l  support  for da ta  a c q u i s i t i o n ,  and 
d a t a  a n a l y s i s  f o r  OGO-IV, V ,  and F. 

Explorers  are s m a l l  s p e c i a l  purpose s a t e l l i t e s  designed and instrumented 
t o  provide f o r  s p e c i a l i z e d  s c i e n t i f i c  i n v e s t i g a t i o n s  and are flown i n  the  
unique o r b i t s  requi red  f o r  t hese  i n v e s t i g a t l o n s .  The Explorer c l a s s  space- 
c r a f t  and t h e i r  experiments a r e  developed by NASA i n s t a l l a t i o n s ,  u n i v e r s i t i e s ,  
i ndus t ry  and cooperat ing f o r e i g n  coun t r i e s .  They are used f o r  i n v e s t i g a t i o n s  
of t he  e a r t h ' s  atmosphere, ionosphere,  and magnetosphere; exp lo ra t ion  of t h e  
magnetospheric boundary reg ion  and i n t e r p l a n e t a r y  space ;  and astronomical  
observa t ions  of t h e  sun and o t h e r  celestial  o b j e c t s .  

The e a r l y  Explorer s a t e l l i t e s  have been respons ib le  f o r  many of t h e  
d i s c o v e r i e s  made i n  the  e a r t h ' s  environment during the  p a s t  decade. With 
the  continuous development of launch v e h i c l e  c a p a b i l i t y  and ins t rumenta t ion ,  
they have become v e r s a t i l e  and s o p h i s t i c a t e d  t o o l s  f o r  s p e c i a l i z e d  space 
i n v e s t i g a t i o n s  as w e l l  a s  exp lo ra t ions .  Launched by t h e  Scout and Del ta  
v e h i c l e s ,  they provide a f l e x i b i l i t y  t o  conduct s p e c i f i c  t a sks  without  t h e  
design and o r b i t  compromises inhe ren t  i n  l a r g e  obse rva to r i e s .  

FY 1970 funds provide f o r  launching of t he  magnetospheric boundary 
and i n t e r p l a n e t a r y  space exp lo re r  IYP-G; f l i g h t  q u a l i f i c a t i o n  and launch 
p repa ra t ion  of t he  Radio Astronomy Explorer RAE-B, a r .adiat ion b e l t  s tudy  
on t h e  Small S c i e n t i f i c  S a t e l l i t e  SSS-A, and f i v e  coopera t ive  s a t e l l i t e s ;  
and continued development of o t h e r  approved Explorer miss ions .  

In  FY 1970 i t  is planned t o  i n i t i a t e  Atmosphere Explorer missions 
(C and D) which w e r e  de fe r r ed  i n  FY 1969. 
needed t o  maintain t h e  low o r b i t a l  a l t i t u d e s  necessary t o  i n v e s t i g a t e  the  
lower boundary and energy balance of the  upper atmosphere on a g l o b a l  
b a s i s .  Addi t iona l  Small S c i e n t i f i c  S a t e l l i t e s ,  Smal l  Astronomy S a t e l l i t e s ,  
and in te ragency  and In te rna t iona l .  Cooperative S a t e l l i t e s  are also nlanned 
t o  i n v e s t i g a t e  phenomena discovered i n  the  e a r t h ' s  environment and t o  
provide sky surveys i n  wave l eng th  reg ions  n o t  v i s i b l e  from t h e  ground. 
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SCHEDULE OF LAUNCHES 

Project 

Solar 0bs:txvatories 

Mission 

OS0 F 
OS0 G 
OS0 H 
os0 I 
OS0 J 
OS0 K 

Astronomic:al. Observatories OAO B 
OAO C 

----- Calendar Year 

196SI 
19651 
19 73. 
1973 
1974 
1973 

1969 
1971 

Geophys i (:a1 Observatories OGO F 196% 

Explorers 1 Scout, 2 Deltas 1969 
(incluc1:tng International 8 Scouts, 3 Deltas 1970 
Coope~l  tive Satellites ) 4 Scouts, 2 Deltas 1971 

4 Scouts, 1 Delta 1971 

1 Scout, 1 Delta 1974’ 
4 Scouts, 1 Delta 197111 

Sounding Rockets 100-125 launches per year 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

SUMMARY -.- 

OFFICE OF SPACE SCIENCE AND APPLICATIONS LUNAR AND PLANETARY EXP1,ORATION 
PROGRAM --- 

PROGRAM OBJEC'rI1J_ES AND JUSTIFICATION : 

The o b j e c t i v e  of t he  Lunar and P lane ta ry  Explora t ion  program is t he  
s c i e n t i f i c  ex.ploration of our s o l a r  system u t i l i z i n g  manned and automilted 
spacec ra f t  swpported by earth-based r e sea rch .  The c u r r e n t  program pliLces 
emphasis on plaiining the  f u r t h e r  exp lo ra t ion  of t he  moon by manned sy.; 1 t e m s  
and on the  e m l o r a t i o n  of t he  p l a n e t s  and t h e  i n t e r p l a n e t a r y  medium using 
automated spacec ra f t  . In te rmedia te  and long range o b j e c t i v e s  encompass a 
broad explora t ion  of t he  s o l a r  system and i n t e r p l a n e t a r y  space through more 
comprehensive missions t o  the  o u t e r  p l a n e t s  and t o  t h e  a s t e r o i d s  and c:omets. 
The u l t i m a t e  achievement of t h e s e  o b j e c t i v e s  w i l l  provide d a t a  t o  b e t  I:er exp la in  
the  o r i g i n ,  11isi:ory , and mechanisms of development of our  s o l a r  systein, 
thereby increas ing  our  understanding of t h e  evo lu t ion  of t h e  eart.h and t h e  
processes t h a t  c o n t r o l  i ts  environment. 

The fundainental s c i e n t i f i c  o b j e c t i v e s  of t h e  luna r  exp lo ra t ion  protl, " r a m  
are t o  underrstand the  moon's o r i g i n ,  evolu t ionary  h i s t o r y ,  r e l a t i o n s h  ip t o  
the  e a r t h  and the  s o l a r  system, and processes  of formation.  P r o j e c t s  now 
completed have advanced cons iderably  our knowledge of t h e  moon arid provided 
a weal th  of d a t a  which a i d e d  and w i l l  cont inue  t o  a i d  i n  unrave l ing  the 
myster ies  of o u r  nea res t  neighbor.  The Ranger p r o j e c t ,  t h e  f i r s t .  step i n  
t h i s  e f f o r t ,  provided t h e  f i r s t  c l o s e  up p i c t u r e  of t h e  moon's surfacls 
through the  thousands of l una r  photographs its s p a c e c r a f t  t r ansmi t t ed  t o  
ea r th .  The subsequent Lunar Orb i t e r  p r o j e c t  provided t h e  l a r g e  s c a l e  de- 
t a i l e d  photographs of t h e  moon requi red  f o r  t h e  s e l e c t i o n  and c e r t i f i l - a t i o n o f  
s i t e s  f o r  thIe Apollo manned luna r  landing missions.  The Surveyor p r o j e c t ,  
by demonstrating the  s o f t  l anding  of a complex s p a c e c r a f t ,  v e r i f i e d  t h e  
a b i l i t y  of Apollo t o  land on the  luna r  su r face .  I n  a d d i t i o n ,  Suirveyor made 
va luable  con t r ibu t ions  t o  our knowledge of t he  moon by t ak ing  hundreds of 
high r e s o l u t i o n  photographs of t h e  luna r  t e r r a i n ,  measuring lunaic surEace 
bear ing s t r e n g t h  and by making t h e  f i r s t  rudimentary chemical a n a l y s i s  of 
lunar  ma te r i a l s .  The i n i t i a l  phase of l una r  exp lo ra t ion  came t o  a c h s e  wi th  
the  success fu l  completion of t he  Surveyor p r o j e c t .  

The next phase of our exp lo ra t ion  of t h e  moon w i l l  be conducted by men i n  
the Apollo program c u r r e n t l y  approaching f r u i t i o n .  The i n i t i a l  l andings  and 
the  subsequent modif icat ions t o  the  systems necessary f o r  comprehensive 
explora t ion  of t he  moon are funded under t h e  Manned Space F l i g h t  program. 
However, a manned explora t ion  of t h i s  scope r e q u i r e s  a very s o l i d  foundat ion 
of s c i e n t i f i c  research  i f  i t  is  t o  be an e f f e c t i v e  program. Funding reques ted  
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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 I1 flyby of Venus and continuing with 
the most recent successful launching of the Pioneer IX spacecraft into an 
orbit around the Sun. The Mariner I1 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. 
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. 

Earlier missions provided data enabling a better 

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. In 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.............. 

Data analysis ................... 
Pioneer......................... 
Mariner-Mars 1969....... ........ 
Mariner-Mars 1971........... .... 

$19,800 $20,600 $24,600 
600 2,600 2,700 

6,000 5,000 18,200 
62,850 27,200 4,900 

--- 18, 300 45,400 
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SUMMARY O F  RE:SOIJRCES RqUIREMENTS.-: (cont 'd) --_ I ---- - -  --- - 

Mariner-Me-rcu-rv 1973.. . . . . . . . .  ... 
Viking. .......................... 
Plane tarv  exp lo re r s .  ............. 
Advanced p l ane ta ry  missions 

technolo,,.  P Y . . . . . . . . . . . . . . . . . . . . .  
Surveyor ......................... 
Lunar o r b i t e r  .................... 
Mariner-Venus 1967. . . . . . . . . . . . . . .  
Voyager .......................... 

(Thousands of Do l l a r s )  
:I. 9 7 0 ---- - --- 1968 - 1962 

-I__-- 

-- 

1 2  , 000 
33,000 

9,500 
3,400 

350 
-.1-1. 

......................... $147,500 Tota l .  --- - - 

' I ,  000 
40,000 
:3,000 

BASIS - OF --- FFN-D_ EEQUIREMENT? : 

I Su ppor t in  g R e s  ear c h CnL xeLhz&ogy,/Advanc ed Stud i e s 

Supporting Research and Technology provides  f o r  support  of f l i g h t  inissions 
by conceivina and developing sc ience  experiments and engineer ing c a p a J i l i t i e s  
and by conducting s t u d i e s  t h a t  de f ine  the  o b j e c t i v e s  and requirements of 
var ious  long range f l i g h t  mission p o s s i b i l i t i e s .  Data obtained from ?round 
based a c t i v i t i e s  supported by t h i s  program are combined wi th  f l i g h t  r e s u l t s  
t o  y i e l d  s i g n i f i c a n t  advancement i n  our knowledge of t h e  moon and s o l a r  
system. The advanced t echn ica l  development p a r t  of t h i s  program is o r i en ted  
toward i n i t i a t i n g  technological  development of f u t u r e  subsvstems, components, 
techniques and processes  t h a t  may have a p p l i c a t i o n  t o  long range spacpc ra f t  
concepts and providing t h e  l abora to ry  research  requi red  t o  determine the 
f e a s i b i l i t v  of a l t e r n a t i v e  des ign  concents f o r  f u t u r e ,  more comp:tex missions 
t o  t h e  p l ane t s .  Areas of i n t e r e s t  are new telecommunication and d a t a  auto- 
mation techniques and concepts ,  and increased r e l i a b i l i t y  and l i f e t i m e  of 
components. The advanced s t u d i e s  program i d e n t i f i e s  and eva lua te s  l o n g  range 
p o t e n t i a l  missions i n  terms of new information t o  be gained from t h e  p lane ts .  

Ilurjnp; FY 1970, e f f o r t  i n  t he  luna r  sc ience  a rea  w i l l  l a r e e l v  be  devoted 
t o  increas ing  our  s c i e n t i f i c  knowledge of t h e  moon, continuinp, l abo ra to rv  
inves t iga t ions  and t h e o r e t i c a l  s t u d i e s  r e l a t e d  t o  t h e  moon and drawing on 
da t a  from ground based research  and from Ranger, Surveyor,  1,unar O r b i t e r ,  
Apollo 8 and subsequent Apollo missions.  Research i n  t he  advanced t echn ica l  
development program w i l l  concent ra te  i n  the  areas of J u p i t e r  f l yby  and Grand 
Tour missions;  provide more emphasis t o  t h e  c r i t i c a l  technologies  f o r  Venus 
probes and buoyant Venus s t a t i o n s ;  and develop concepts  f o r  an  advanced Mars 
lander  i n  the l a t e r  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 objectjves 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 weigh about 140 pounds each and 
are launched by the Thrust-Augmented Improved Delta. The first three of these, 
Pioneers VI, VII, and VI11 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. 
stations enable us to detect and estimate the paths of solar storms. 

The combination of measurements from the four widely separated 
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This informat-ion helps forecasters to provide advance warning of radiation 
dangers to spacecraft and of variations in the protective magnetic envc!lope 
of the earth vrhjch affects the long range radio communication of the world. 

In FY L969, tlie development of Pioneer F and G was initiated to be 
launched into trajectories permitting the exploration of the environmeiit of 
interplanetary space between one and five Astronomical Units (AU) from the 
sun, including tlie asteroid belt and the magnetosphere of Jupiter. (One AU 
is equal to the mean earth-to-sun distance, 92,000,000 miles.) Wjth tliis 
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 jnter- 
planetary space and the penetration of galactic cosmic radiation i n t o  Ithe solar 
system. While the spacecraft is in the vicinity of Jupiter, instruments will 
measure the properties of charged particles, magnetic fields, and radio 
frequency emissions. Data from these measurements will be used to stuljy 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 p1anl.t 
seems to have. These missions will require modifications to the spacecraft 
to compensate for the lessening of solar radiation as a power source and the 
more demanding communications and thermal conditions. New experiment Lnstru- 
mentation will also be required to make measurements in the asteroid bielt 
and near Jupiter. Also in FY 1969, NASA initiated, as part of the Pioineer 
project, a cooperative project with West Germany, Helios, for measuremlmts 
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 C,. Operational support 
for the five active Pioneer spacecraft and for data analysis will continue. 
U.S. experiments for Helios will be selected and begun. 

>far iner -~ 
The objective of the Mariner program is to conduct the early eKploration 

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 remote observations, from an attitude controlled spacecraft of 
the other planets in the solar system. Mariner I1 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 1 4 ,  15165. F-fariner 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 sulrface 
similar t o  that of the moon. Although close up pictures of Mars were the 
primary goal, valuable information on the planet's atmosphere and ionosphere 
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 slgnificantlv augmenting the 
data acqiiirec fjve years earlier by Mariner 11. According to Mariner V, 
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Venus is a hot planet with a thick lower atmosphere - mostly carbon dioxide. 
The heavy atmosphere i s  surrounded by a sphere of hydrogen analogous to that 
of earth. 

The next step in the scientific exploration of the planets consists of two 
Yariner 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 Nars, 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. 
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 spacecraft, 
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 Xercury. In addition, it will nonitor the 
space environment in the unexplored regions between Venus and PIercury. 

In 1973, using the same rocket required 

The funds requested for FY 1970 will support post-launch operations for 
Mariner-Yars 1969 through encounter, and initial analysis of scientific and 
engineering data. FY 1970 funds requested for Frariner-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 f o r  
Mariner-Mercurv 1973 spacecraft and to permit initial flight hardware pro- 
curement activities. 
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Viking 

The exp lo ra t ion  of Yars i n i t i a t e d  i n  1965 by t h e  Mariner series of space- 
c r a f t  w i l l  be continued i n  1973. While these  p r i o r  missions were t o  s tudy 
t h e  p l ane t  from o r b i t a l  o r  f l yby  d i s t a n c e s ,  t h e  1973 mission w i l l  be t h e  f i r s t  
opportuni ty  t o  ob ta in  d a t a  from d i r e c t  measurements i n  t h e  Mars atmosphere 
and on i t s  su:rface. 

The o b j e c t i v e s  e s t ab l i shed  f o r  t h e  Viking p r o j e c t  are t o  o b t a i n ,  through 
t h e  use of two l a n d e r / o r b i t e r  missions t o  Mars In  1973, s c i e n t i f i c  datii which 
w i l l  s i g n i f i c a n t l y  inc rease  our knowledge of t h e  Mars atmosphere and s i i r face 
with p a r t i c u l a r  lemphasis on providing information relevant t o  l i f e  on [:he 
p lane t .  E n t r y  ob jec t ives  inc lude  measurements of atmospheric composition 
and s t r u c t u r e .  Post-landing o b j e c t i v e s  are t o  v i s u a l l y  c h a r a c t e r i z e  the  
landing sites, search  f o r  organic  compounds, and i n v e s t i g a t e  the  abi1it:y of 
the  environment t o  support  l i f e .  Orb i t e r  o b j e c t i v e s  are t o  s tudy  t h e  ilynamic 
c h a r a c t e r i s t i c s  of t he  p l ane t  and i t s  atmosphere from o r b i t ,  t o  providliz 
p i c t u r e s  of t h e  landing a r e a ,  and t o  r e l a y  d a t a  from t h e  lander  on t he  Mars 
su r face  t o  e a r t h .  This  teamwork between the  o r b i t e r  and lander  should y i e l d  
s c i e n t i f i c  resul ts  which would not be a t t a i n a b l e  f o r  independent lander  and 
o r b i t e r  missions.  

The lander  t o  be used f o r  t h i s  mission w i l l  be a s o f t  l ander  s i m i l a r  t o  
those used i n  t h e  Surveyor p r o j e c t .  Technology developed f o r  Surveyor and 
the  Apollo Lunar Module w i l l  be d i r e c t l y  app l i cab le  t o  t h e  Viking landler. 
This lander  w i l l  be mated wi th  a modified Mariner 1971 o r b i t e r ,  which w i l l  
have the  c a p a b i l i t y  t o  i n s e r t  t h e  lander  i n t o  o r b i t  p r i o r  t o  land-ing. This  
w i l l  permit o r b i t a l  e n t r y  f o r  t h e  lander  which has  t h e  advantage of smal le r  
su r f ace  d i spe r s ions  f o r  t he  l ande r ,  lower e n t r y  v e l o c i t i e s ,  and b e t t e r  con- 
t r o l  of en t ry  angles .  

FY 1970 funds w i l l  provide f o r  t h e  completion of func t iona l  s p e c i f i c a t i o n s ,  
s e l e c t i o n  of prime con t r ac to r  f o r  t h e  lander  system, i n i t i a t i o n  of d e t a i l e d  
system design f o r  t he  lander  and o r b i t e r ,  and w i l l  provide f o r  continued 
development work on long lead  i t e m s .  During FY 1970, t h e  s p e c i f i c  s c i e n t i f i c  
instruments  to be flown w i l l  be s e l e c t e d  a f t e r  t he  r e s u l t s  of t h e  Mariner 
1969 mission a r e  known and development work on these  instruments  w i l l  begin. 

P lane tary  Explorers  -- 
The P lane ta ry  Explorers  are  r e l a t i v e l y  s m a l l ,  low-cost, sp in - s t ab i l i zed  

spacecraf t  designed f o r  a Thor/Delta launch and t o  o r b i t  t h e  near  p l ane t s .  
The five--shot program inc ludes  launches t o  Venus i n  1972, 1973, and 1975 and 
t o  Mars In 1973 and 1975. 

The P1anet:ary Explorers  w i l l  team wi th  t h e  l a r g e r  Mariner spacec ra f t  t o  
produce a hiF:hly e f f i c i e n t  program t o  explore  the  nea r  p l a n e t s ,  j u s t  a s  t he  
most e f f ic ien t :  program t o  explore  t h e  e a r t h  and i t s  environment proved t o  be 
a mix of s m a l l 1  Explorer o r b i t e r s  wi th  l a r g e r  satel.lites such as Nimbus and OGO. 
As p a r t  of it::; r o l e  on the  team, the  magnet ical ly  c l ean  P lane tary  Explorers  



w i l l  make those  s e n s i t i v e  readings  of t h e  p a r t i c l e  and f i e l d  environments 
around Venus and :Tars which a r e  d i f f i c u l t  t o  make aboard t h e  higher-powered 
Yar iners  w i th  t h e i r  s t r o n g  i n t e r n a l  ma9netic f i e l d s .  The P lane ta ry  Explorers  
w i l l  thus  f r e e  t h e  P!ariners t o  concen t r a t e  on conduct ing those  h igh  p r i o r i t y  
experiments which r e q u i r e  s t a b l e  and p r e c i s e  po in t ing ,  high power, and high 
d a t a  rate.  E f f o r t  dur ing  F i s c a l  Year 1970 w i l l  inc lude  completion of t h e  
d e t a i l e d  des ign ,  f a b r i c a t i o n ,  and tes t  of a s t r u c t u r a l  test model and a thermal 
c o n t r o l  model. 

Pro1 ect. 

Pioneer  

Plariner 

Viking 

P lane ta ry  Explorers  

Schedule of Launches 
-_I--__vL-- 

Mission 

Pioneer  E 

Pioneer  F 

Pioneer  G 

Hel ios  A 

Helios  B 

Mars 1369 (2) 

Mars 1971 (2)  

Xercurv 1973 (1) 

:Tars 1973 ( 2 )  

P l ane ta ry  Explorer A 

Plane ta ry  Explorer  B 

P l a n e t a t v  Explorer  C 

P l ane ta ry  Expl-orer D 

P l ane ta ry  Explorer  E 

-- 
Calendar 

Year 

1969 

197 2 

1973 

1974 

1975 

1969 

1971 

1973 

1973 

1972 

1973 

1973 

1975 

1975 

-- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

SUMMARY 

OFFICE OF SPACE SCIENCE AND APPLICATIONS -. - --__-_I-- I_.---- 
BIOSCIENCE PROGRAM --_- 

P R O G W  OBJECTIVES AND JUSTIFICATION : - -I__-_- ~ . - -  

The Bioscitmce program has three principal objectives: (1) the at1:ainment 
of a thorough understanding of the effects of the space flight enviroriment on 
terrestrial o;rganisms; (2) the search for extraterrestrial life, with the 
primary emph:i:;ir; directed initially to the moon and nearest planets; imd ( 3 )  
prevention of the transfer of terrestrial organisms to the planets, so that 
their scientfi Eic value for studying hypotheses on existence of ex tratirrestria.1 
life will not be destroyed. 

SUMMARY OF RESOlJRCES REQUIREMENTS : _- --- 

(Thousands of Doll.ars) 
L970 -- 1968 1969 

Supporting research and 
technology/advanced studies.......... $10,122 $9,900 $1 L ,400 

Planetary quarantine ................... 1,678 1,300 3,000 
113,000 
I- 

Biosatellite........................... -__ 30,000 21,500 

Total.............................. $41,800 $32,700 $37 L 400 
I- 

BASIS OF FUN3 _.--I REQUIREMENTS - : 

Superting - Research __________I_.- and Technolo&v/Advanced - - -- Studies .. - -- 

Kesearch in environmental biology 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 biologic 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, tk.eir behavioral mechanisms of adaptation to artificial and extra- 
terrestrial environments, and determining the biologic bases of such behavior, 
thus providing a broader understanding of the function of the total organism 



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 Eiology 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. In 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 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 IDlans 
based upon those requirements. In cooperation with the other life science 
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 anid 
survival characteristics, that suggest modification in sterilization nethods 
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 solutlon of the complex problems related to the planetary quarantine 
constraints. The funding increase requested is in direct support of the 
Viking mission. 

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 Biosat.ellite project. During flights of Biosatellite I and I1 the 
engineering design and integrated operation of the spacecraft systems were 
thoroughly checked out. 

The Biosatellite I1 experiment results showed that there was an in,teractioln 
between radiation and weightlessness and other factors encountered in. space 
flight. 

Biosatell.ite 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, 



memory, and coordination through the use of a behavioral task performance 
panel. 
laboratory, measurements of calcium and other urine constituents will be made 
to determine the changes in body metabolism. 

Also, through the use of a unique automated and miniature wet-chemistry 

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 
------_I_ 

Project 

Biosatellite 

Mission 

Biosatellite D 
Biosatellite F 

Calendar 
Year 

1969 
1970 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

SUMMARY 

OFFICE OF SPAGESCIENCE AND APPLICATIONS SPACE APPLICATIONS PROGRAM 

PROGRAM OBJECK'ES AND JUSTIFICATIONS : 

The ob jec t ives  of t he  Space Applicat ions program a r e  to :  (1) conduct a 
broad program of research and t echn ica l  development or ien ted  toward the  
app l i ca t ion  of space techniques f o r  the  b e n e f i t  of mankind; (2) expand the  
knowledge of aitmospheric and space phenomena; (3) develop and test procedures,  
instruments ,  siubsystems, spacec ra f t ,  and i n t e r p r e t i v e  techniques f o r  t h e  
va r ious  app1ic:atfons; (4) f u l f i l l  NASA's r e s p o n s i b i l i t i e s  under t h e  Communi- 
c a t i o n s  S a t e l l i t e  Act of 1962; (5) develop and implement f o r  t h e  Environmental 
Science Serv ices  Administration (ESSA) , Department of Commerce, t h e  opera-  
t i o n a l  meteorological  s a t e l l i t e  system; and (6) cooperate  with the  use r  
government a@;t!nc ies such a s  t h e  Departments of Agr icu l ture ,  Commerce , I n t e r i o r ,  
and Departmeoil: of the  Navy through the  Earth Resources Survey Program Review 
Camnittee t o  achieve the  p r a c t i c a l  b e n e f i t s  t o  mankind i n  e a r t h  resouf ces.  

E f f o r t  i n  the! Space Appl ica t ions  program is  d i r ec t ed  toward research ,  
development, i i d  f l i g h t  test of experiments,  subsystems, and spacec ra f t  in 
the  a r e a s  of app l i ca t ions  technology, c o m u n i c a t i o n s ,  e a r t h  r e s o u r c e s ,  
geodesy, meteorology, and naviga t ion  and inc ludes  development of operzttional 
systems f o r  wseit agencies ,  

Through thest? e f f o r t s  the  knowledge and technology of space are appl ied 
t o  the  so1ut:Lon of t he  p r a c t i c a l  problems of mankind. 
app l i ca t ions  ,art: : (1) improved weather fo recas t ing  through more knowledge 
and b e t t e r  understanding of the atmosphere and i ts  content  and energy;  
(2) improvemeat of conmunication techniques through understanding and 
expansion of the frequency spectrum, development of space antenna des igns  
and point ing accuracies ,  and increas ing  mul t i -access  c a p a b i l i t i e s  ; (3,) 
i nc reas ing  our lknowledge of the  s i z e  and shape of t he  e a r t h  through the  
a c q u i s i t i o n  of global  datum; and (4) b e t t e r  understanding and assessment of 
t he  f a c t o r s  afflecting the  a g r i c u l t u r e  e n v i r o m e n t  , water resources,  arid s o i l  
and t e r r a i n  conditions.  

Examples of thstse 

The Space Applicat ions f l i g h t  programs include Tiros, Nimbus, Synchronous 
Meteorological,  Applicat ions Technology, Geodetic,  and Earth Resource6 
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Technology S a t e l l i t e s .  Planned launches dur ing  t h e  FY 1970 per iod  include 
ATS-E, Nimbus D ,  a number of Meteorological  Sounding Rockets, support  to  the  
T i r o s  Opera t iona l  S a t e l l i t e  System funded by ESSA, and support  of launches 
f o r  t he  I n t e l s a t  I11 series f o r  CCMSAT. I n  FY 1970, e f f o r t  w i l l  be i n i t i a t e d  
on hardware procurement f o r  t w o  Ea r th  Resources Technology Sa te l l i t e s  (ERTS) 
planned f o r  launch i n  1971 and 1972 and on t w o  Synchronous Meteorological  
Sa t e l l i t e s  (SMS) planned f o r  launch i n  1971 and 1973. 

SUMMARY OF RESOURCES REQUIREMENTS: 

(Thousands of Dol la r s )  
1968 1969 1970 

Support ing r e sea rch  and technology/ 
Advanced s tudies . .  ................. 

Nimbus......,........................ 
Synchronous meteoro logica l  satell i te.  
Meteorological  soundings... .......... 
Cooperat ive a p p l i c a t i o n s  s a t e l l i t e . . .  
App l i ca t ions  technology s a t e l l i t e s . . .  
Geodetic satellites.................. 
Ea r th  r e sources  survey............... 

A i r c r a f t  program......... .......... 
Ear th  r e sources  technology 

TIROS/TOS improvements. .............. 

s a t e l i i t e .  ....................... 
Total..................*........... 

$19,300 
9,100 

33 , 700 

3,000 
100 

25,600 
3,400 
5,300 

--- 

( 5  3 300) 

$1 9,600 
5,800 

31 , 800 

3,000 
100 

24,700 
2,400 

--- 

11,200 
(9 3 200) 

(2,000) 

$22,400 
5,200 

29,200 
3,600 
3,000 

100 
44,200 
3,000 

25,100 
(11,000) 

(14,100) 

$135,800 

BASIS OF FUND REQUIREMENTS: 

Support ing Research and Technology 

The o b j e c t i v e s  of t he  suppor t ing  r e sea rch  and technology a r e  t o  conduct 
programnatic and p r o j e c t  o r i e n t e d  technologica l  development, fundamental 
s t u d i e s ,  component and subsystem des ign ,  materials improvement research ,  and 
advanced miss ion  s t u d i e s  to determine f e a s i b i l i t y  and conceptual c h a r a c t e r -  
i s t i c s .  The e f f o r t  i nc ludes  suppor t ing  a c t i v i t i e s  i n  the  a p p l i c a t i o n s  
d i s c i p l i n e s  ( a p p l i c a t i o n s  technology, canmunications,  e a r t h  resources ,  
geodesy, meteorology, and naviga t ion)  and a number of i n t e r d i s c i p l i n a r y  
a c t i v i t i e s .  FY 1970 funds are requi red  t o  main ta in  the  cu r ren t  l e v e l  of 
suppor t ing  research  and technology e f f o r t s  i n  the  sepa ra t e  a p p l i c a t i o n s  
d i s c i p l i n a r y  areas and t o  p l ace  increased  emphasis on c e r t a i n  technology 
areas, p a r t i c u l a r l y  development of automatic  d a t a  process ing  c a p a b i l i t i e s  
r e l a t e d  t o  e a r t h  resources  survey. 
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TIROS/TOS Improvements 

The ob jec t ives  of t h i s  p r o j e c t  are: (1) t o  provide research  and develop- 
ment toward advanced meteorological  s a t e l l i t e  systems, p a r t i c u l a r l y  i n  
support  of the  TIROS Operational System (TOS) program; (2) t o  provide 
maximum i n t e r im  ope ra t iona l  d a t a  f o r  use i n  weather a n a l y s i s  and fo recas t ing ;  
(3) t o  measure emit ted i n f r a r e d  and r e f l e c t e d  s o l a r  r a d i a t i o n  i n  se l ec t ed  
s p e c t r a l  regialns; and (4) t o  observe cloud cover and p a t t e r n s ,  and measure 
the  e a r t h  atmalsphere hea t  balance. 

Nine TIROS research and development spacec ra f t  funded by NASA and n ine  
opera t iona l  spacecraf t  funded by ESSA have been success fu l ly  launched. 
Current develalpment e f f o r t  by NASA is t o  complete t h e  TIROS M spacec ra f t  f o r  
launch i n  secalnd q u a r t e r  of ca lendar  year 1969, Under TOS Improvements, 
e f f o r t  w i l l  be: continued i n  the  development of advanced sensors  and subsystems 
such as high r e so lu t ion  radiometers  and a t t i t u d e  determinat ion systems which 
w i l l  be incorporated i n t o  f u t u r e  ope ra t iona l  spacecraf t .  FY 1970 funds are 
required f o r  pos t  launch support  and d a t a  a c q u i s i t i o n  and handl ing fo r  
TIROS M, f o r  continued sensor  and subsystems development f o r  Tos Improvements 
and f o r  a sy8t:emis d e f i n i t i o n  s tudy f o r  a f u t u r e  spacec ra f t  system (TIROS N). 

Nimbus 

The ob jec t ives  of t h i s  p r o j e c t  are t o  develop a s i g n i f i c a n t l y  improved 
meteorological s a t e l l i t e  t o  provide d a t a  f o r  use by t h e  s c i e n t i f i c  community; 
to c a r r y  o u t  f l i g L L  tests to prove the  a p p l i c a b i l i t y  of the ins t rumenta t ion ;  
t o  f u l f i l l  s p e c i a l  d a t a  requirements of t he  atmospheric s c i ences  research 
camnunity which can be provided uniquely by t h i s  ins t rumenta t ion  funct ioning 
a s  a space me1:eorological observatory and t o  provide the  basis f o r  f u r t h e r  
s i g n i f i c a n t  t.c!chnological advances i n  meteorological  s a t e l l i t e s  f o r  
ope ra t iona l  ais w e l l  a s  s c i e n t i f i c  uses.  These o b j e c t i v e s  w i l l  be extended 
i n  the  Nimbus E and F missions t o  develop an app l i ca t ions  observatory i n  
polar  o r b i t  ail: low t o  medium a l t i t u d e  t h a t  w i l l  f l i g h t  test technology and 
experiments f o r  meteorology and o the r  app l i ca t ions  d i s c i p l i n e s .  

Seven spac:r!cx:aft a r e  i n  the  series of which two have been success fu l ly  
launched: Njmbcis I, August 28, 1964, and Nimbus 11, May 15, 1966. A t h i r d  
spacecraf t  latunc:h, May 18, 1968, was lost due t o  launch veh ic l e  f a i l u r e .  
Imaediately t:hei:eafter, a c t i o n  w a s  i n i t i a t e d  t o  provide a replacement f o r  
t h i s  launch. This mission,  i d e n t i c a l  t o  the  Nimbus B conf igura t ion ,  has 
been designat:t!d B2 and i s  scheduled t o  be launched i n  CY 1969, D i n  1970,  
E in 1972, and in 1973. 

FY 1970 furids a r e  required f o r  continued d a t a  a c q u i s i t i o n  and a n a l y s i s  of 
spacecraf t  i n  o r b i t ;  t o  complete, test  and launch Nimbus D ; and t o  cont inue 
the  development of Nimbus E and F spacecraf t  and se l ec t ed  experiments. 



Synchronous Meteorological S a t e l l i t e  (SMS) 

The o b j e c t i v e s  of the  Synchronous Meteorological S a t e l l i t e  (SMS) a r e  t o :  
(1) demonstrate a prototype ope ra t iona l  SHS; (2) permit continuous observa- 
t i o n  of major weather systems rou t ine ly ,  thus  enhancing the  a b i l i t y  t o  
p r e d i c t  and l o c a t e  severe  sho r t - l i ved  storms; (3) d e r i v e  important wind 
f i e l d  d a t a  over  cons iderably  l a r g e r  areas and i n  much less t i m e  than 
he re to fo re  poss ib l e ;  and (4) provide c a p a b i l i t y  f o r  rap id  disseminat ion of 
processed meteorological  d a t a  t o  l o c a l  meteorologis ts .  

F e a s i b i l i t y  and p r o j e c t  d e f i n i t i o n  s t u d i e s  w e r e  completed i n  FY 1968. 
FY 1970 funds are requi red  t o  undertake the  des ign  and development of two 
SMS satell i tes capable  of continuous weather observa t ions ,  a n a l y s i s  of cloud 
motions through observa t ions  t h a t  w i l l  permit d e r i v a t i o n  of important wind 
f i e l d s ,  and f o r  ob ta in ing  o t h e r  s i g n i f i c a n t  meteorological  d a t a  from 
synchronous a l t i t u d e .  

Meteorological Soundings 

The o b j e c t i v e s  of t h i s  p r o j e c t  are t o  i n v e s t i g a t e  t h e  s t r u c t u r e  and 
c h a r a c t e r i s t i c s  of t h e  atmosphere through the  use of sounding rocket8 and t o  
develop a s m a l l  inexpensive meteorological  sounding rocket  system. Three 
areas of e f f o r t  are involved: 
explore  t h e  c h a r a c t e r i s t i c s  and pnenomena of t he  atmosphere between 30 and 
about 100 km which is otherwise i n a c c e s s i b l e ;  (2) t h e  development of an 
inexpensive ope ra t iona l  meteorological  sounding rocket  system capable of 
r e l i a b l e  launches amenable to the  requirements f o r  range support ,  research ,  
and network ope ra t ions ;  (3) sounding rocket  f i e l d  experiment support ,  which, 
through cooperat ion with o the r  c o u n t r i e s ,  provides  f o r  t he  establ ishment  of 
s e l f - s u s t a i n i n g  c a p a b i l i t i e s  f o r  coordinated meteorological  sounding rocket  
launches from sites t h a t  w i l l  con t r ibu te  mutual ly  va luable  da ta .  Approxi- 
mately 50 l a r g e  research  rocke t s  and about 125 small development rocke ts  a r e  
launched each year.  FY 1970 funds are required to procure add i t iona l  l a rge  
research  and small developmental rocke ts ,  f l i g h t  test var ious  payload 
experiments,  improve rocket  performance and t o  cont inue f i e l d  experiment 
p r o j e c t s  with o the r  cooperat ing coun t r i e s  t o  o b t a i n  a d d i t i o n a l  atmospheric 
research  da ta .  

(1) l a r g e  research  sounding rockets  to  

Cooperative Applicat ions Satel l i te  

This cooperat ive p r o j e c t  between t h e  United S t a t e s  and France i n  space 
meteorology c o n s i s t s  of developing instrumented bal loon techniques t o  be 
u t i l i z e d  i n  conjunct ion with an e a r t h  o r b i t i n g  s a t e l l i t e  f o r  t he  purpose of 
ob ta in ing  the c h a r a c t e r i s t i c s  of a i r  masses, p a r t i c u l a r l y  i n - s i t u  measure- 
ments of speed and wind d i r e c t i o n  a t  var ious  a l t i t u d e s .  The meteorological 
d a t a  obtained w i l l  be used by U. S. and French s c i e n t i s t s  t o  a s s i s t  i n  
understanding the  s t r u c t u r e  of the  atmosphere and extended weather fo re -  
ca s t ing  c a p a b i l i t y .  One spacec ra f t  and one backup with instruments  w i l l  be 



provided by France. The spacecraf t  w i l l  be launched by NASA i n  1970 t o  
ga ther  d a t a  fram approximately 500 bal loons,  developed and launched by France 
i n  the  Southern Hemisphere. S a t e l l i t e  t racking  and d a t a  a c q u i s i t i o n ,  
reduct ion and a n a l y s i s  w i l l  be provided by France, a f t e r  i n i t i a l  t r ack ing  by 
NASA. The U. S. w i l l  provide t h e  Scout launch veh ic l e ,  and backup i f  
required,  launch s e r v i c e s ,  i n i t i a l  satellite t r ack ing ,  and a n a l y s i s ,  along 
with France,  of t he  reduced da ta .  

FY 1970 funds are requi red  t o  cont inue t echn ica l  support ,  procure t h e  
Scout launch veh, ic les ,  and provide f o r  launch and post  launch support .  

Appl ica t ions  Technology S a t e l l i t e s  

The overall .  ob jec t ives  of  t h i s  p r o j e c t  are t o  design,  develop, f l i g h t  
test and eva1tiat:e a v a r i e t y  of s c i e n t i f i c  and technologica l  experiments i n  
the  space appIic:ations d i s c i p l i n e s  by use of a series of spacec ra f t ,  most of 
which are lalaictied i n t o  synchronous o r b i t .  Seven spacec ra f t  are i n  the  
series of which fou r  have been launched t o  d a t e ,  one planned f o r  medium 
a l t i t u d e  and t h r e e  f o r  synchronous o r b i t .  However, due t o  launch veh ic l e  
anomalies, two planned o r b i t s ,  medium a l t i t u d e  of ATS I1 and synchronous 
o r b i t  of ATS :IV, were not achieved. Three add i t iona l  spacec ra f t  are being 
developed f o r  launch: ATS-E f o r  launch i n  CY 1969, F i n  1972, and G i n  1974. 
ATS-E w i l l  fll:Lg?it test an experimental  th ree-axis  g r a v i t y  g rad ien t  S t i t b i l i -  
za t ion  system f o r  spacec ra f t  Ln geos ta t ionary  o r b i t ,  test  a mil l ime te r  w a v e  
experiment, iua ];-band communications experiment , and w i l l  measure the  
e n v i r o m e n t  O E  t h e  geos t a t iona ry  o r b i t .  
i n  synchronous o r b i t  to f l i g h t  test a space e r e c t a b l e  parabol ic  antenna, 
approximately 30 f e e t  i n  diameter ,  and capable of accura te  po in t ing  t o  about 
.1 degree of arc .  A number of add i t iona l  s c i e n t i f i c  and technological1 
experiments i d i l l  a l s o  be f l i g h t  t e s t e d  on these  missions.  Effort:  wi l l1  a l s o  
cont inue i n  IFY L970 t o  develop promising advanced experiments which hcwe 
been def ined b u t  have not been assigned t o  a s p e c i f i c  f l i g h t  mission. 

ATS F and G a l s o  w i l l  be launched 

FY 1970 funds a r e  required t o  complete development of t h e  ATS-E Spacecraf t  
and assoc ia ted  lexperiments i n  prepara t ion  for launch i n  t h e  t h i r d  q u a r t e r  
CY 1969, t o  comple t e  the  spacec ra f t  design f o r  ATS F S ,  i n i t i a t e  development 
of these  spacecraf t  and se l ec t ed  experiments, and cont inue development of 
advanced app 1 i c  a t  i ons  experiments . 

Geodetic S a t e l l i t e s  

The ob jec t ives  of t h i s  p r o j e c t  a r e  t o  support  t he  Nat ional  Geodetic 
S a t e l l i t e  Program (a j o i n t  NASA/DOD/DOC program under NASA management) and 
to develop t h e  a p p l i c a t i o n  of geodet ic  sa te l l i t e  techniques t o  s o l i d - e a r t h  
geophysics and oceanography. 

Three geod.etic s a t e l l i t e s  have been launched, PAGEOS I, June 23, 1966; 
GEOS I, November 6 ,  1965; and GEOS 11, January 11, 1968. Data obtaio.ed from 
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t hese  launches are u t i l i z e d  i n  the  establ ishment  of a un i f i ed  worldwide 
geodet ic  datum. E f f o r t  w i l l  be i n i t i a t e d  i n  FY 1970 f o r  an add i t iona l  
mission (GEOS-C) f o r  launch i n  l a t e  CY 1970, t o  ob ta in  the  a d d i t i o n a l  d a t a  
required t o  meet the  grav imet r ic  ob jec t ive  of t he  National Geodetic S a t e l l i t e  
Program, and t o  demonstrate the  f e a s i b i l i t y  of employing a geodet ic  sa te l l i t e  
r ada r  a l t i m e t e r  to measure t h e  mean sea l e v e l  of t h e  oceans. FY 1970 funds 
a r e  required f o r  continued d a t a  a c q u i s i t i o n  and a n a l y s i s ,  and for prepara t ions  
f o r  t he  GEOS-C mission. 

Ear th  Resources Survey 

The ob jec t ives  of t h i s  p r o j e c t  are t o :  (1) assess t h e  p r a c t i c a l  value of  
remote sensing of e a r t h  resources  from space;  (2) canpare t h e  c a p a b i l i t i e s  i n  
e a r t h  resources  d a t a  a c q u i s i t i o n  of a space system versus  a i r c r a f t ;  (3) 
determine whether, and i n  what conf igura t ion ,  an ope ra t iona l  space-ass i s ted  
user -or ien ted  e a r t h  resources  survey  system should be pursued; (4) determine 
which remote sensors  are most e f f e c t i v e  f o r  e a r t h  resources  surveying;  
(5) develop and improve d a t a  handling procedures;  and ( 6 )  ensure f u l l  
understanding of ope ra t iona l  system requirements and cos t s .  

This p r o j e c t  inc ludes  two a c t i v i t i e s  i n  t h e  e a r t h  resources  d i s c i p l i n e s :  
(1) an a i r c r a f t  f l i g h t  program t o  develop and test  remote sensing techniques,  
sensors ,  and d a t a  handl ing systems at  a l t i t u d e s  of frcm 500 feet to above 
50,000 f e e t  a l t i t u d e ;  and (2) t o  des ign ,  develop, launch, and eva lua te  two 
spacecraf t  ca r ry ing  e a r t h  resources  experiments. 

The o b j e c t i v e s  of t he  a i r c r a f t  program are to promote the  development, 
modi f ica t ion ,  c a l i b r a t i o n ,  and test of remote sensors  being planned f o r  
f u t u r e  space missions and t o  con t r ibu te  t o  the  development of d a t a  handling 
and a n a l y s i s  techniques needed before  e a r t h  resources  space hardware becomes 
a v a i l a b l e .  Three a i r c r a f t  are u t i l i z e d  i n  t h i s  a c t i v i t y ,  each equipped w i t h  
a v a r i e t y  of sensors  and d a t a  handl ing subsystems t o  ob ta in  e a r t h  resources  
da t a .  A i r c r a f t  f l i g h t s  are conducted over a number of domestic and fore ign  
test sites. 

The o b j e c t i v e s  of t h e  Earth Resources Technology S a t e l l i t e  (ERTS) a r e  t o  
des ign ,  develop, launch and test a series of spacec ra f t  conducting a v a r i e t y  
of experiments i n  the  e a r t h  resources  d i s c i p l i n e s .  

E f f o r t  i n  t he  e a r t h  resources  survey i s  coordinated w i t h  o t h e r  user  
agencies  through the  Ear th  Resources Survey Program Review Comnit tee  which 
inc ludes  r e p r e s e n t a t i v e s  from Departments of Agr icu l ture ,  COmnerce, I n t e r i o r ,  
and Navy, and i s  cha i red  by NASA. 

FY 1970 funds a r e  required t o  cont inue a i r c r a f t  opera t ions ,  sensor  procure- 
ment, da t a  processing,  and t o  conduct about 50 f l i g h t s  over 60 test sites 
and t o  i n i t i a t e  spacec ra f t  and sensor  hardware development f o r  two ERTS 
spacec ra f t  . 
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SCHEDULE OF LAUNCHES 

Schedule of S i a i f i c a n t  Research and Development Events 

P r o j e c t  

TIROS 

TOS and I T S *  

Nimbus 

Synchronous Meteorological 
S a t e l l i t e  

Cooperative A pp I i c a t i ons  
S a t e l l i t e  

Applications Techno1 og y 
S a t e l l i t e s  

Geodetic Sa t ' e l l  i t e s  

Earth Resources Technology 
S a t e l l i t e s  

INTELSAW 

Mission 

Launch of TIROS M 

Launch of TOS G ,  H, 
and ITOS A-E 

Launch of Nimbus B2 
Launch of Nimbus D 
Launch of Nimbus E 
Launch of Nimbus F 

Launch o f  SMS-A 
Launch of SMS -B 

Launch of CAS-A 
Launch of Back-up 
(If Required) 

Launch of ATS-E 
Launch of ATS -F 
Launch of ATS-G 

Launch o f  Geos C 

Launch of ERTS-A 
Launch of ERTS -B 

Launch of INTELSAT I11 
C -E 

Calendar 
Yea,r .-- 

19689 

1969 -, l9 72 
(abouit 2 p e r  
yr, s u b j e c t  
to  ca l l -up  
by ESSA) 

1969 
1970 
1972 
19  73 

1971 
1972 

19 ';'O 

191i9 
19'72 
19  74 

19 70 

1971 
1972 

1969-1970 
(subject  t o  
cal l  -up by 
COMSAT) 

* ESSA funded. 
* CaMSAT fu.nde:d . 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF SPA(2GIiCIENCE AND APPLICATIONS LAUNCH VEHICLE PROCUREMENT PIIOGRAM 

PROGRAM 0BJEC:gvaS AND JUSTIFICATION : 

The o b j e c t i v e  of  t h e  Launch Vehicle Procurement program i s  t o  provide 
launch vehicltae ;and r e l a t e d  s e r v i c e s  t o  support  mission requirements arid t o  
improve e x i s t i n g  v e h i c l e s  t o  support  f u t u r e  mission needs. Operational. 
v e h i c l e s  currc?at:Ly being procured are: Scout,  Delta, Thor Agena, and Centaur. 
I n  add i t ion  t o  these  veh ic l e s ,  i n i t i a l  funding f o r  t he  T i t a n  I11 C is  il lso 
included i n  FY 1!370. I n t e g r a t i o n  of the  Centaur s t a g e  wi th  the  T i t an  boos te r  
i s  being i n i t i a t e d  t o  support  t h e  Viking mission. 

SUMMARY OF REtii3UIZCES -- REQUIREMENTS: 
(Thousands of Do l l a r s )  

11.970 
-I- 

1968 1969 

Supporting mzstaarch and technology/ 

SCOUt..*...U..*.................*..*. 10,200 12,600 :I. 5 , 7 00 
Delta......R............~..s...o....o 33,696 24,000 33,700 

Centaur,......,....................... 68,305 47,700 !i7,600 --- --- 5,900 

advanced studies................... $4,350 $4,000 !$4,000 

Agena......... ........................ 7,999 11,900 7,300 

T i t a n  I11 CL..~....................... -I 

To ta l . . . . . .  ........................ $1 24,550 $100,200 $1;!4,200 

BASIS OF FUNDJElUIREMENTS: 

g g ~ ) r t i n p  Research and Technology/Advanced S tud ie s  

Under t h i s  p r o j e c t  launch veh ic l e  requirements t o  support  f u t u r e  m i w i o n s  
are def ined arid new technology required f o r  advanced miss ions  i s  developed 
i n  a t imely arid o r d e r l y  manner. 
e f f o r t s  have been d i r e c t e d  toward the  Centaur/Burner I1 i n t e g r a t i o n ,  Saturn 
S - IWCentau r  i n t e g r a t i o n ,  and s o l a r - e l e c t r i c  propuls ion.  I n  FY 1970 
advanced s t u d i e s  are planned i n  the  areas of chemical and e l e c t r i c  higti- 
energy upper s tages .  FY 1969 support ing research  and technology e f f o r l . s  a r e  
being conducted i n  f i v e  d i s c i p l i n e s  of launch v e h i c l e  technology : 
and energy corwersion, guidance, c o n t r o l  and naviga t ion ,  ins t rumenta t ion  and 
e l e c t r o n i c s ,  8il:rtictures and materials, and veh ic l e  engineer ing.  In FY 1970 
e f f o r t s  i n  these  areas w i l l  be continued. 

I n  FY 1968 and FY 1969 advanced s t u d i e s  

Propuls ion 
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scou t  

Scout i s  the  smallest launch v e h i c l e  i n  the  NASA v e h i c l e  family. It i s  
capable  of l i f t i n g  small payloads i n t o  e a r t h  o r b i t  and performing small probe 
and r e e n t r y  missions.  
be u t i l i z e d  to  purchase v e h i c l e  hardware, product ion sys tems engineer ing  and 
management, v e h i c l e  checkout and launch s e r v i c e s ,  maintenance and engineer ing  
s e r v i c e s  and v e h i c l e  improvements. 

FY 1970 funds f o r  procurement of Scout v e h i c l e s  w i l l  

Delta 

The Delta v e h i c l e  is capable  of l i f t i n g  a wide v a r i e t y  of medium-sized 
payloads i n t o  e a r t h  o r b i t  or launching smaller payloads i n t o  deep space. 
has  launched more meteoro logica l ,  comrmnications, and s c i e n t i f i c  spacec ra f t  
than  any o t h e r  NASA veh ic l e .  Its conf igu ra t ion  c o n s i s t s  o f  a Thor boos te r ,  
Delta second s t a g e ,  and a t h i r d  s t a g e  as necessary  t o  support  given missions.  
FY 1970 funds w i l l  be u t i l i z e d  t o  procure f i r s t  and second s t a g e  v e h i c l e s ,  
launch s e r v i c e s ,  and o t h e r  suppor t ing  se rv ices .  I n  add i t ion ,  funding w i l l  
be necessary f o r  v e h i c l e  r e l a t e d  engineer ing  support  and maintenance of 
ground support  equipment. Vehicle  improvements w i l l  a l s o  be continued. 

It 

Agena 

The Thor Agena launch v e h i c l e  i s  u t i l i z e d  f o r  p o l a r  o r b i t a l  miss ions  
which exceed t h e  c a p a b i l i t y  of  t he  Delta v e h i c l e .  The A t l a s  Agena v e h i c l e  
w a s  phased o u t  of  NASA use du r ing  FY 1968. 
requi red  t o  purchase Agena upper s t a g e s  and Thor boos t e r s  i n  a d d i t i o n  to  a 
v a r i e t y  of launch r e l a t e d  a c t i v i t i e s .  

During FY 1970 funds w i l l  be 

Centaur 

The Centaur i s  t h e  l a r g e s t  v e h i c l e  system employed by NASA e x c l u s i v e l y  
f o r  automated space miss ions .  
high energy Centaur upper s t age .  
launch h igh  v e l o c i t y  deep space and heavy e a r t h  o r b i t a l  miss ions .  
FY 1970 funds w i l l  be u t i l i z e d  f o r  procurement of v e h i c l e  hardware f o r  t he  
Orb i t ing  Astronomical Observatory,  Mar iner+ars  1971, P ioneer ,  P l ane ta ry  
Explorer ,  and Mariner-Mercury 1973 missions.  I n  add i t ion ,  funds w i l l  be 
necessary  f o r  launch s e r v i c e s  and o t h e r  suppor t ing  a c t i v i t i e s ,  f o r  cont inua-  
t i o n  of t he  Centaur improvement program, and f o r  t he  T i t a n  Centaur  i n t e g r a -  
t i o n .  

It c o n s i s t s  of t h e  Atlas boos te r  and t h e  
T h i s  v e h i c l e  i s  uniquely q u a l i f i e d  t o  

During 

T i t a n  I11 C 

The T i t an  I11 C v e h i c l e  i s  capable  of l i f t i n g  heavy payloads i n t o  e a r t h  
o r b i t .  It c o n s i s t s  of t w o  five-segment s o l i d  s t a g e s  and t h r e e  l i q u i d  
p rope l l an t  s t ages .  T i t a n  I11 C w i l l  be procured through t h e  U. S. A i r  Force 
which has  primary management r e s p o n s i b i l i t y  f o r  t h i s  v e h i c l e .  
funds w i l l  be needed t o  i n i t i a t e  procurement of v e h i c l e s  and s e r v i c e s  f o r  
t h e  Appl ica t ions  Technology S a t e l l i t e  F and G missions.  

During FY 1970 
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FISCAL YEAR 1970 ESTIMATES 

SUMMARY 

OFFICE OF UN:~IEJZSITY AFFAIRS SUSTAINING UNIVERSIIY I?ROGRAM 

PROGRAM OBJE(ZT3LVES AND JUSTIFICATION : 

The Unive rsiity program inc ludes  support  from many elements of NASA, 
Univers i ty  i n v e s t i g a t o r s  conceive and des ign  the  ma jo r i ty  of NASA space 
science expe rimcsnts , conduct ex tens ive  support ing research ,  advise  the  agency 
of po l icy  and technica l  i s s u e s ,  and, i n  t h e  process ,  t r a i n  thousands (of 
engineers  , sc i e io t i s t s ,  and managers f o r  t h e  n a t i o n a l  aerospace program. 
Through t h e i r  p a r t i c i p a t i o n ,  u n i v e r s i t i e s  ga in  new knowledge and expe rience 
necessary t o  t h e i r  own advancement and f o r  the  development of responstve 
educat ional  programs. 

The Sustaining Universi ty  program suppor ts  u n i v e r s i t y  t r a i n i n g  and research 
e s s e n t i a l  t o  the NASA e f f o r t  which i s  ou t s ide  t h e  r e s p o n s i b i l i t y  of o t h e r  
NASA organizat ions.  
c e n t e r  a c t i v i t i e s  but a r e  gene ra l ly  broader and longer  range than p r o j e c t  
research.  Mul t id i sc ip l ina ry  research  and t r a i n i n g  a c t i v i t i e s  art. supported 
which include t h e  cons idera t ion  of s o c i a l  and economic impl i ca t ions  o f  
s c i e n t i f i c  and technica l  advancement as w e l l  as those which promote c l o s e r  
working r e l a t i o n s h i p s  among u n i v e r s i t i e s ,  i ndus t ry ,  and NASA Centers.  
Graduate t r a i n i n g ,  sunmer fe l lowships ,  and research  i n  areas where NASA has  
i d e n t i f i e d  spec ia l  needs, such as management of technology and engineer ing  
systems design,  are supported under the  Sus t a in ing  Univers i ty  program. 

These g r a n t s  complement p r o j e c t  research  and f i e l d  

The program is  designed t o  br ing  the  u n i v e r s i t i e s  i n t o  c l o s e r  pa r tne r sh ip  
with NASA. 
shar ing with the  u n i v e r s i t i e s  t h e  r e s p o n s i b i l i t y  of determining,  d i r e c t i n g ,  
and assess ing  research  and t r a i n i n g  p u r s u i t s .  This  support  is l a r g e l y  
managed by t h e  u n i v e r s i t i e s ,  and thereby provides  the  d i s t i n c t  b e n e f i t  of 
con t r ibu t ing  t o  g r e a t e r  f i s c a l  and academic s t r e n g t h  i n  each un ive r s i ty .  
The program a l s o  has the  e f f e c t  of providing g r e a t e r  geographic d i s t r i b u t i o n  
of research support .  

I t  helps  inc rease  the  n a t i o n ' s  technologica l  resources  by 

SUMMARY OF RESURCES REQUIREMENTS: 
(Thousands of  Do l l a r s )  

1969 1970 -- 1968 

Research... . . .  ....................... $6 , 000 $5,000 $5,000 
Administration and Management.. ...... 1 , 500 1,500 1,500 

Special  Training..  ................... 1 500 1,50O_ 1,500 
Engineering Systems Design.. ......... 1,000 1,000 1,000 

Total .  ............................. $10 f 000 $9,ooo $9,000 
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B A S I S  OF FUND REQUIREMENTS : 

Research 

The research  element of t h e  Sus ta in ing  Univers i ty  program supports  
a c t i v i t i e s  t h a t  are broader  i n  scope and longer  range in na tu re  than mission 
o r i en ted  p r o j e c t  research.  Mul t id i sc ip l ina ry  approaches t o  research a r e  
s t r e s s e d  and p a r t i c i p a t i n g  u n i v e r s i t i e s  are given ex tens ive  l o c a l  con t ro l  and 
f l e x i b i l i t y  t o  a s s e s s  and respond t o  broad Agency needs. 
m u l t i d i s c i p l i n a r y  s t u d i e s  t h a t  inc lude  t h e  s o c i a l ,  econanic,  and publ ic  
po l i cy  a s p e c t s  of s c i e n t i f i c  and t echn ica l  developments. This program a l s o  
complements N A S A ' s  p r o j e c t  research  and supports  a c t i v i t i e s  t h a t  encourage 
the  a p p l i c a t i o n  of aerospace research  t o  the  Understanding and s o l u t i o n  of 
contemporary human problems. 

The emphasis i s  on 

With a budget of $5 m i l l i o n  i n  FY 1970, t he  research element of the  
Sus ta in ing  Univers i ty  program w i l l  support  m u l t i d i s c i p l i n a r y  programs a t  
25 u n i v e r s i t i e s .  
developing i n s t i t u t i o n s  i n  cooperat ion with NASA Centers.  

A l imi t ed  number of research  p r o j e c t s  w i l l  be supported a t  

Adminis t ra t ion and Management 

The success  of f u t u r e  complex technologica l  e f f o r t s  i s  becaning 
i nc reas ing ly  dependent on t h e  educat ion and t r a i n i n g  of i nd iv idua l s  with a 
much broader understanding of t h e  management process ,  as w e l l  as sc ience  
and technology. This p o r t i o n  of t h e  program i s  aimed a t  supporting those 
few u n i v e r s i t i e s  t h a t  have a r e s p o n s i b i l i t y  f o r  educat ion i n  t h e  f i e l d s  of 
admin i s t r a t ion  and management. S tudents  and f a c u l t y  assoc ia ted  with these  
programs a r e  encouraged t o  use the  f a c i l i t i e s  and managerial s t a f f  of NASA 
and s i m i l a r  o rgan iza t ions  as a research  l abora to ry  t o  enable  them to gain  
i n s i g h t  i n t o  the  realistic problems of publ ic  management. They are given 
access  t o  data, systems, and management experiences  not u sua l ly  ava i l ab le .  

The $1.5 m i l l i o n  i n  FY 1970 will be a l l o c a t e d  t o  cont inue support  f o r  
research  and t r a i n i n g  programs a t  10 u n i v e r s i t i e s .  

Engineering Systems Design 

The engineer ing systems des ign  element b r ings  toge ther  the re levant  
engineer ing s p e c i a l i s t s  a t  the doc to ra t e  l e v e l  to create a research team t o  
undertake a major systems des ign  problem, such a s  a s a t e l l i t e  comunica t ions  
system. The des ign  approach u s e s  and promotes the most recent  advances i n  
both the  engineer ing and phys ica l  sc iences  and incorpora tes  advanced 
information and systems t h e o r i e s  a s  p a r t  of graduate  t r a i n i n g  programs. 

In FY 1970 a budget of $1 m i l l i o n  w i l l  a l low NASA t o  cont inue the  support  
of graduate  s tuden t s  and support ing research  i n  engineer ing systems design 
a t  f i v e  i n s t i t u t i o n s .  
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Specia l  T r a i n i n g  

As aerospiice manpower d e f i c i e n c i e s  are i d e n t i f i e d ,  t h e  Sus ta in ing  
Univers i ty  program responds with s p e c i a l  t r a i n i n g  a c t i v i t i e s  to meet the  
new condi t ions  and demands. 
t o  he lp  yourig; f a c u l t y  members become f a m i l i a r  with the  newest aerospace 
developments i n  engineer ing and science.  A f a c u l t y  fe l lowship  program i n  
systems enginee!ring design br ings  young f a c u l t y  members from d i f f e r e n t  
engineer ing and s c i e n t i f i c  d i s c i p l i n e s  toge the r  t o  work on space r e l a t e d  
problems reqluiring a team approach. Other a c t i v i t i e s  of a spec ia l i zed  
na ture  include su1119er i n s t i t u t e s  f o r  upper d i v i s i o n  undergraduates tal  
acquaint  them with some of t he  subs t an t ive  problems of space sc ience  and 
engineer ing;  ard p0stM.D. t r a i n i n g  i n  aerospace medicine f o r  a few 
se l ec t ed  medical doc tors .  

A S m e r  Facul ty  Fellowship Program i s  designed 

I n  FY 197’0, $1.5 m i l l i o n  i s  requested f o r  con t inua t ion  of t hese  
spec ia l i zed  t:ra.ining a c t i v i t i e s  . 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

SUMMARY 

OFFICE OF ADIJ1E:ED RESEARCH AND TECHNOLOGY BASIC RESEARCH PROGRAM 

PROGRAM OB JECXJES AND JUSTIFICATION : 

The Bas ic  Research program suppor ts  fundamental r e sea rch  i n  t h e  phys ica l  
and mathematical  s c i ences .  It  i s  aimed a t  provid ing  a n  understanding of t h e  
phys ica l  phelnomlena p e r t i n e n t  t o  o t h e r  NASA programs concerned wit.h cu r ren t  
and f u t u r e  a € r c r a f t  and space a c t i v i t i e s .  This  b a s i c  r e sea rch  i s  c a r r i e d  out  
p r i n c i p a l l y  i n  'NASA's Research and Space F l i g h t  Centers  supplemented by 
i n v e s t i g a t i o n s  a t  u n i v e r s i t i e s  , i n d u s t r i a l  r e sea rch  l a b o r a t o r i e s ,  and o t h e r  
Government research  cen te r s .  Fundamental understanding of phys i ca l  phenomena 
i n  many f i e l d s  of s c i ence  i s  requi red  t o  develop t h e  technology f o r  NAISA'S 
programs. Basic  r e sea rch  i n  NASA, t h e r e f o r e ,  must encompass a wide spectrum 
of d i s c i p l i n e s .  It ranges from very  fundamental s t u d i e s  i n t o  t h e  na tu re  and 
p r o p e r t i e s  of atoms and molecules t o  t h e  more app l i ed  r e sea rch  a r e a s  such a s  
determining the  b e s t  m a t e r i a l s  f o r  t h e  supersonic  t r a n s p o r t  a i r p l a n e .  

SUMMARY OF REI?URCES REQUIREMENTS: 

(Thousands of D o l h r s )  
1969 1970 - 7 

1968 - 
Support ing r e sea rch  and 

technology.... ....................... $2 1,465 $21,000 $2 1.400, 

Total.............................. $21.465 $21.000 $2 1.400, 

BASIS O F  FUNEJEQUIREMENTS : 

The Basic  Research program i s  d iv ided  i n t o  fou r  broad d i s c i p l f n e s :  F lu id  
Phys ics ,  E lec t rophys ic s ,  Ma te r i a l s ,  and Applied Mathematics. 

The Fluid Ph.ysics subprogram promotes b a s i c  r e sea rch  on aerodynamic and 
gas  dynamic problems r e l evan t  t o  NASA o b j e c t i v e s  i n  both  aeronaut ics  and 
space.  During t h e  pas t  yea r  t h e  program has  been r eo r i en ted  t o  emphasize 
ae ronau t i c s  problems. I n  ae ronau t i c s ,  f o r  example, p re l iminary  r e s u l t s  show 
promise f o r  understanding and reducing son ic  boom and noise .  A program of  
research  on air p o l l u t i o n  from ae ronau t i c s  sources  i s  beginning. Entry 
research  cont inues  wi th  s t u d i e s  p r imar i ly  concerned w i t h  experimental  simu- 
l a t i o n  and v e r i f i c a t i o n  of t h e o r i e s  regard ing  high speed en t ry .  

The object:ive of t h e  e l ec t rophys ic s  subprogram is t o  o b t a i n  a b e t t e r  
understanding of fundamenta 1 e lectron-atom-molecule behavior  i n  an ertviron- 
ment of a c o u s t i c ,  nuc lea r ,  e l e c t r i c ,  and magnetic fo rces .  The r e sea rch  
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resul ts  a r e  d i r e c t l y  r e l evan t  t o  advancing communications technology, plasma 
propuls ion technology, and t h e  technology a s s o c i a t e d ' w i t h  s e v e r a l  advanced 
space power supply systems. 

The m a t e r i a l s  subprogram covers a broad spectrum of a c t i v i t i e s  ranging 
from exp lo ra t ions  of t h e  behavior of m a t e r i a l s  i n  unusual environments t o  
very fundamental s t u d i e s  t o  d e f i n e  t h e  r e l a t i o n s h i p  between atomic and 
e l e c t r o n i c  s t r u c t u r e  of s o l i d s  and t h e i r  phys i ca l  and mechanical cha rac t e r -  
i s t i c s .  Increased emphasis is being placed on those programs which a r e  
e s p e c i a l l y  app l i cab le  t o  ae ronau t i c s .  These include s t u d i e s  of ceramics and 
polymers f o r  advanced composites f o r  a i r c r a f t  s t r u c t u r e s  and propuls ion 
systems. Long range s t u d i e s  t o  determine f e a s i b i l i t y  of processing m a t e r i a l s  
i n  space a r e  a r ecen t  a d d i t i o n  t o  t h e  program. 

The appl ied mathematics subprogram is  aimed a t  producing t h e  new and i m -  
proved mathematical techniques required t o  so lve  ae ronau t i c s  and space 
problems. The a r e a s  of i n t e r e s t  include t h e  mathematics t o  optimize t h e  
c o n t r o l  of s p a c e c r a f t  and t h e  mathematics required f o r  rendezvous and f o r  
p r e c i s e  re-entry.  
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RESEARCH AND DEVELOPWNT 

FISCAL YEAR 1970 ESTIM4TES 

SUMMARY 

OFFICE OF ADVJ':ED RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEUS PROGRAM 

PROGRAM OBJECZZE S AND JUSTIFICATION : 

The Space Vehicle Systems program is an appl ied research and techncilogy 
program deal ing with en t ry  vehic le  and launch veh ic l e  aerothermodynamics, with 
launch vehic1.e and spacecraf t  s t ruc tu res ,  with spacecraf t  environmental pro- 
t ec t ion  and c:ont:rol, and with space vehic le  design c r i t e r i a .  The ob jec t ives  
of t h e  program atre t o  conduct research i n  laboratory f a c i l i t i e s  and by selected 
f l i g h t  experiments to:  Provide base l ine  technological  information required f o r  
decis ions re3.aitive t o  new space vehic le  mission undertakings; provide the advanced 
technology f o r  t:he conception and design of fu tu re  manned and unmanned spacecraf t  
and f o r  launch vehic les ;  and encourage and support technological  innovations i.n 
the approach to space vehic le  design t o  permit new and usefu l  accomplishments, 

Although the p r inc ipa l  focus f o r  the advanced research and technolalgy e f f o r t s  
is NASA vehic'lles8 and missions, the  program a l e 0  recognizes and con t r ibu te s  t o  
r e l a t e d  DOD technology needs. 

A new actFirit:y has  been i n i t i a t e d ,  providing a da ta  bank f o r  t he  cc:illectiorr 
and dissemination of information on aerospace s a f e t y  and providing for resaarc:h 
programs i n  nctltscted a reas  of aerospace safety.  

SUHHARY OF REGaJRCES REQUIREMENTS: 

(Thousands of Dollaxs) 
1968 

Research and Technology: 
Space veh:tcle aerothermodynamics ........ $11,815 
Space veh:tcXe s t ruc tures . .  .............. 9,779 

and cont ro l .  .......................... 10,754 
1,752 

Aerospace safe ty  research................. --- 

Space enid. r onmen t a 1 pro te c t ion 

Space veh:lclle design c r i t e r i a . .  ......... 

Tota l . ,  ................................ $34,100 

BASIS OF FUN1)REQUIREMENTS: 

Research and Technology 

1969 

$9,605 
9,771 

10,550 
1,774 --- 

$31,700 

-I- 1970 

fi8, 545 
8,980 

9,105 
1,570 

-I 1,800 

X!iO, 000 
-I- 

A primary ob:Jective of t h i s  ongoing research  during FY 1970 is development 
of technology f o r  manned o r b i t a l  l o g i s t i c s  veh ic l e s  with the  goa ls  of improved 
economy through land recovery and reuse and improved opera t iona l  f l e x i b i l i t y  
through g rea t e r  manewerabi l i ty  during reent ry .  
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Research w i l l  cont inue a l s o  on a number of techniques f o r  te rmina l  descent  
and landing  of s e m i b a l l i s t i c  types of spacec ra f t  l i k e  Apollo. Of these ,  t he  
g l i d i n g  parawing o f f e r s  promise f o r  e a r l y  a p p l i c a t i o n ,  and an  ongoing la rge-  
s c a l e  f l i g h t  program w i l l  cont inue dur ing  FY 1970. 

Another major o b j e c t i v e  i s  t o  develop technology f o r  p l ane ta ry  atmospheric 
Also,  Parachute /dece lera tor  f l i g h t  experiments w i l l  probes and hard landers .  

i n v e s t i g a t e  deployment, performance and r e l i a b i l i t y  of p l ane ta ry  d e c e l e r a t o r  
systems under condi t ions  r e p r e s e n t a t i v e  of deployment i n  the  atmosphere of 
Mars. 

Scout-launched r e e n t r y  technology experiments,  which d e a l  w i th  aerothermo- 
dynamic a spec t s  of atmosphere e n t r y  f l i g h t ,  w i l l  continue.  A p l ane ta ry  
atmosphere experiment w i l l  i n v e s t i g a t e  a technique t o  use s p e c i a l  measurements 
of veh ic l e  motions and hea t ing  t o  determine the  p r o p e r t i e s  and composition of 
an unknown p lane ta ry  atmosphere. 
experiment w i l l  measure hea t  t r a n s f e r ,  map t h e  t r a n s i t i o n  region,  and measure 
the  acous t i c  environment. 

A hea t  t r a n s f e r  and boundary l a y e r  t r a n s i t i o n  

The coopera t ive  NASA and USAF Lifting-Body F l igh t  Research program w i l l  
cont inue t o  i n v e s t i g a t e  p i l o t i n g  problems and f l y i n g  and handl ing q u a l i t i e s  
of conf igura t ions  r ep resen t ing  advanced concepts of manned r e e n t r y  veh ic l e s .  
During FY 1970, t h e  HL-10 tes ts  w i l l  move i n t o  the  supersonic  phase. The 
X-24A w i l l  begin f l i g h t  tests,  and t h e  M-2 w i l l  be modified and used a s  a 
research  t o o l  f o r  i n v e s t i g a t i n g  advanced l a t e r a l  c o n t r o l  techniques.  

Major ob jec t ives  of t h e  space v e h i c l e  s t r u c t u r e  subprogram r e l a t e  t o  es tab-  
l i s h i n g  new and improved concepts and developing advanced a n a l y s i s  and tes t  
techniques t o  permit f u t u r e  v e h i c l e s  t o  achieve appropr i a t e  balance between 
performance, e f f i c i e n c y  and cos t .  

Emphasis w i l l  be given t o  s t r u c t u r a l  concepts f o r  manned luna r  exp lo ra t ion  
involv ing  expandable s h e l t e r s  and a i r l o c k s  f o r  near-term app l i ca t ions .  C r i t i c a l  
problems a s soc ia t ed  wi th  o r b i t a l  space s t a t i o n  s t r u c t u r e s  w i l l  be s tud ied  a l s o .  

Emphasis w i l l  be given t o  improving the  e f f e c t i v e n e s s  of s t r u c t u r a l  t es t  
programs of launch v e h i c l e s  t o  reduce c o s t s  without  i nc reas ing  the  r i s k  of 
f a i l u r e .  

Unique s t r u c t u r e s  a r e  being s tud ied  t o  develop f e a s i b l e  concepts f o r  o r b i t i n g  
r a d i o  te lescopes  1,000 meters i n  diameter  t o  opera te  a t  f requencies  lower than 
10 megahertz (MHz). 

The importance of meteoroid p r o t e c t i o n  increases  a s  space v e h i c l e s  become 
l a r g e r  and mission du ra t ions  become longer .  A f l i g h t  experiment t o  i n v e s t i g a t e  
t h e  e f f e c t i v e n e s s  of meteoroid bumpers w i l l  be undertaken t o  provide cor re-  
l a t i o n  wi th  l abora to ry  inves t iga t ions .  F l i g h t  experiments t o  ob ta in  a d d i t i o n a l  
da t a  on both the  near -ear th  and i n t e r p l a n e t a r y  meteoroid environments may be 
included on missions conducted f o r  o t h e r  purposes. 
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A s  more complex space missions a r e  undertaken, t h e  need f o r  a c t i v e  thermal 
c o n t r o l  systems inc reases  a l s o .  Emphasis w i l l  be placed on development of 
techniques f o r  more advanced and r e l i a b l e  temperature c o n t r o l  of spacec ra f t .  

Two "piggyback" experiments w i l l  be c a r r i e d  on t h e  NASA O r b i t i n g  Frog 
O t o l i t h  Experiment; one i s  t o  v e r i f y  a new r a d i a t i o n  dosimetry technique, t he  
o t h e r  is t o  q u a l i f y  i n  f l i g h t  a t h i n - f i l m  meteoroid v e l o c i t y  sensor .  

The space v e h i c l e  design c r i t e r i a  subprogram develops, documents, ,and 
publ ishes  c r i t e r i a ,  i nc lud ing  models of t h e  environments, t h a t  a r e  aptplicable 
t o  t h e  design of space v e h i c l e  s t r u c t u r e s ,  propuls ion systems, and guidance 
and c o n t r o l  systems. The FY 1970 funds w i l l  be used t o  c o n t r a c t  f o r  the 
s e r v i c e s  of t echn ica l  expe r t s  o u t s i d e  of t he  Federal  Government who have 
knowledge and experience i n  f i e l d s  of c u r r e n t  i n t e r e s t .  

Aerospace S a f e t y  Research 

The o b j e c t i v e  of t h i s  new a c t i v i t y  i s  t o  in su re  t h a t  NASA maintains  and 
pursues an adequate r e sea rch  program t o  provide information needed f o r  s a f e t y .  
An Aerospace Sa fe ty  Research and Data I n s t i t u t e  has been e s t a b l i s h e d  a t  t h e  
Lewis Research Center which func t ions  a s  a c e n t r a l  p o i n t  w i t h i n  NASA f o r  t h e  
ga the r ing  of t e c h n i c a l  data  and coord ina t ion  and s t i m u l a t i o n  of an a c t i v e  
research prog,ram f o r  increased s a f e t y  of aerospace a c t i v i t i e s .  Prel iminary 
a c t i v i t i e s  r e l a t i n g  t o  the establ ishment  of t h e  Technical Data Bank and t h e  
survey and a n a l y s i s  of ongoing s a f e t y - r e l a t e d  r e sea rch  and development 
a c t i v i t i e s  a r e  underway. 





RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

SUFIMARY 

OFFICE OF AIIIJECED RESEARCH AND TECHNOLOGY ELECTRONICS SYSTW,LS PROGMJ 

PROGRAM OBJEAUVES AND JUSTIFICATION: 

The o b j e c t i v e  of t he  E lec t ron ic s  Systems program i s  to  i d e n t i f y  artd suppolrt 
endeavors fundamental t o  new and continued progress  i n  e l e c t r o n i c  technology. 
Component and system progress  i n  terms of performance, r e l i a b i l i t y ,  and c o s t  
provide t h e  means f o r  t imely and e f f i c i e n t  a t ta inment  of f u t u r e  naticinal goa1.s 
i n  ae ronau t i c s  and space. Research a c t i v i t i e s  a r e  performed both in-house arid 
under con t r ac t .  
s t r u c k  a baI.z~nc:e between system o r i en ted  e f f o r t s  and e f f o r t s  t o  develop new 
technology 8.ppI.icable t o  ae ronau t i c s  and space opera t ions .  
accumulation of fundamental knowledge which can be drawn from over  t h e  years, ,  
t h i s  program inc ludes  c r i t i c a l l y  needed techniques and components, p a r t i c u l a r l y  
those which wi1.1 be pacing items i n  f u t u r e  a e r o n a u t i c a l  and space deve1oprnent:s; 
exp lo ra t ion  of more than  one p o s s i b l e  p a t h  t o  a des i r ed  goa l ;  and conf igu ra t ion  
of s e l e c t e d  1:ec:hniques and components i n t o  systems i n  o r d e r  t o  demonstrate t h e i r  
t e c h n i c a l  fc!cisi.bility, and c o l l e c t  da t a  on t h e i r  o p e r a t i o n a l  p o t e n t i t  1 and c o s t  
e f f e c  t i v e  app l i c a  t ion  . 

I n  bu i ld ing  a base of technology i n  e l e c t r o n i c s ,  NASA has  

I n  a d d i t i o n  t o  t he  

SUMMARY OF F$&iJRCES REQUIREMENTS: 

(Thousands of Do l l a r s )  
1968 1969 1970 I 

Support ing r e sea rch  and 
t e c h n o l c ~ i ~ .  .............................. $37,557 $34,271 $35,000 

500 --- Fl igh t  prc1:jec:ts. .......................... 5 00 

Total.. ., .................................. 938.057 $34.771 $35.000 

BASIS OF FUM,KEQUIREMENTS : 

The requested FY 1970 funds a r e  needed t o  support  b a s i c  and applicsd research  
and advanced t echn ica l  development e f f o r t s  i n  the  d i s c i p l i n e s  r e l a t e d  t o  e l ec -  
t r o n i c s  and con t ro l .  Avionic components a r e  an  i n t e g r a l  p a r t  of a l l  automatic  
and semiautcmat:ic systems used i n  a i r c r a f t  and manned and unmanned space veh ic l e s .  
Key systems inntl components such a s  communications, f l i g h t  c o n t r o l ,  netvigatioti and 
guidance, ccnoputation and da ta  process ing ,  a myriad of s enso r s ,  refel-ence and 
c o n t r o l  syst:ems, approach and landing,  s u r v e i l l a n c e  and i d e n t i f i c a t i o n ,  and 
hazard avoidrmce depend on e l e c t r o n i c  equipment . S p e c i f i c  object iver i  of t he  
guidance progrtim a r e  advanced p r e c i s i o n  i n e r t i a l  and e lec t romagnet ic  sensors  
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and s i m p l i f i e d  techniques f o r  naviga t ion  and guidance app l i cab le  t o  supersonic  
a i r c r a f t  and f u t u r e  space veh ic l e s .  
guidance, c o n t r o l  and d i s p l a y  systems w i l l  h e l p  r e a l i z e  the  promise which 
V/STOL v e h i c l e s  have i n  r e l i e v i n g  overloaded t r a n s p o r t a t i o n  systems i n  major 
popula t ion  cen te r s .  Advanced r e sea rch  i n  av ion ic s  o f f e r s  s u b s t a n t i a l  support  
t o  va r ious  a s p e c t s  of a i r  t r a f f i c  c o n t r o l  such a s  communications, naviga t ion ,  
s u r v e i l l a n c e ,  and hazard avoidance. Research i n  communication a t  h igher  
f requencies  (cent imeter  t o  mi l l ime te r  wave lengths)  is  expected t o  r e s u l t  i n  
h ighe r  information t r a n s f e r  r a t e s ,  sma l l e r  and l i g h t e r  weight antennas,  s impler  
power genera t ion  equipment. Continued advancements i n  t h e  technology of com- 
pu t ing  and da ta  process ing  a r e  requi red  t o  keep pace wi th  the  growing complexity,  
v a r i e t y  and volume of  da t a  a t t e n d a n t  t o  t h e  experimental  development and opera t ion  
of advanced a e r o n a u t i c a l  and space v e h i c l e s ;  t h e  end ob jec t ive  i s  t o  f a c i l i t a t e  
t h e  a c q u i s i t i o n  and e x t r a c t i o n  of u s e f u l  in format ion  f o r  human users .  I n s t r u -  
mentat ion r e sea rch  w i l l  be continued t o  advance measurement c a p a b i l i t i e s  i n  t h e  
f a r  u l t r a v i o l e t  and soft X-ray regions.  Development of ins t rumenta t ion  systems 
w i l l  be c a r r i e d  on us ing  l a s e r  technology f o r  accu ra t e  measurement of gas 
parameters  and flow f i e l d  c h a r a c t e r i s t i c s  of t e s t  models a t  hypersonic speeds.  
Research i n  s o l i d  s t a t e  technology wi th  emphasis on in t eg ra t ed  c i r c u i t s  i n  which 
many components a r e  combined i n t o  one f u n c t i o n a l  assembly of minute weight and 
s i z e  f o r  aerospace a p p l i c a t i o n  w i l l  be cont inued;  i n t e g r a l  t o  the  program is  the  
sea rch  f o r  m a t e r i a l s  and techniques t o  provide longer  u s e f u l  l i f e t i m e s  of com- 
ponents and a consequent r educ t ion  i n  c o s t  of both system and component t e s t i n g .  

Increased  emphasis on V/STOL a i r c r a f t  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

SUMMARY 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY HUMAN FACTOR SYSTEM!; PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The o b j e c t i v e  of t h e  Human Fac tor  Systems program is  t o  provide t h e  essen- 
t i a l  research  da ta  and t h e  technology necessary t o  ensure  t h e  saEe and proper  
p a r t i c i p a t i o n  of man i n  advanced a e r o n a u t i c a l  and space missions and t o  f u r t h e r  
t h e  development of t h e  systems necessary t o  s u s t a i n  him. 
include:  (1) Human Research and Performance, (2) L i f e  Support and P r o t e c t i v e  
Systems, (3) Man-Systems I n t e g r a t i o n ,  and (4) Advanced Concepts. The program 
e f f o r t s  a r e  concent ra ted  on t h e  measurement of stress i n  man and animals under 
t h e  unique ensrironmental f a c t o r s  of a e r o n a u t i c a l  and space miss ions ,  p a r t i c u l a r l y  
t h e  r e l a t i o n s h i p s  of s t ress  t o  t h e  ope ra to r s '  s a f e t y ,  performance, and proper  
u t i l i z a t i o n .  These measurements a r e  made i n  con t ro l l ed  s imula t ion  s t u d i e s  and 
v a l i d a t e d  by e s s e n t i a l  f l i g h t  experiments.  The l i f e  support  technology e f f o r t  
i s  concent ra t ing  on provid ing  advanced technology f o r  e f f i c i e n t ,  r e l i a b l e ,  and 
maintainable  long du ra t ion  subsystems. These a r e  assembled i n t o  complete 
environmental c o n t r o l  systems and t e s t e d  i n  long du ra t ion  manned space cabin  
s imula to r  t es t s .  

The program elements 

The work is accomplished through a m u l t i d i s c i p l i n a r y  approach which inc ludes  
research  i n  physiology, psychology, medicine,  b io logy ,  engineer ing,  phys ics ,  
chemistry,  and e l e c t r o n i c s  a t  NASA Centers ,  Department of  Defense aerospace 
medical l a b o r a t o r i e s ,  o t h e r  Government f a c i l i t i e s ,  u n i v e r s i t i e s ,  and indus t ry .  

SUMMARY OF RESJURCES REQUIREMENTS : 

(Thousands of  Dol la rs )  
1968 1969 -, 1970 . 

Supporting r e sea rch  and 

Biotechnology f l i g h t  
technology................... $18,228 $17,910 $21,600 

projects.................... 1.600 1,790 -, 2 ,000 .  

Total. ...................... $19.828 $19,700 -, $23.600. - 
BASIS OF FUNpREQUIREMENTS : 

Support ing Research and Techno1op;y 

This  i s  an  i n t e g r a t e d  program e f f o r t  d i r e c t e d  toward f u l f i l l m e n t  clf t h e  
Human Fac tor  Systems program ob jec t ives .  I n  FY 1970, emphasis w i l l  be  given 
t o  i n v e s t i g a t i o n s  t o  de f ine  and understand such phenomena a s  changes i n  man's 
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ca rd iovascu la r  func t ion  due t o  prolonged exposure t o  ze ro  g r a v i t y  and o t h e r  
space f l i g h t  s t r e s s o r s ,  behavioral  changes i n  small groups of men i s o l a t e d  and 
confined f o r  extended pe r iods ,  t he  unique design f e a t u r e s  necessary t o  ensure 
t h e  h i g h e s t  r e l i a b i l i t y  of l i f e  support  and p r o t e c t i v e  systems, and t h e  
psychological  and phys io log ica l  e f f e c t s  of a i r c r a f t  noise. 
problem areas r e q u i r e  r e sea rch  i n  ca rd iovascu la r ,  r e s p i r a t o r y ,  and v e s t i b u l a r  
physiplogy; i n  bioinstrumentat ion,  t o  measure t h e  e f f e c t s  of stresses on man 
and animals;  i n  radiobiology,  stress endocrinology, and microbiology; i n  water 
and waste management; i n  oxygen r egene ra t ion  and a i r  p o l l u t i o n  c o n t r o l ;  i n  
space s u i t s ;  i n  e x t r a v e h i c u l a r  a c t i v i t i e s ;  i n  man-machine i n t e r a c t i o n s ,  and 
i n  many more areas. The work i s  d i r e c t e d  toward d e f i n i n g  and so lv ing  known 
and a n t i c i p a t e d  problems i n  f u t u r e  a e r o n a u t i c a l  and space operat ions.  

These and o t h e r  

Biotechnology F l i g h t  P r o j e c t s  

The small  f l i g h t  experiments a r e  designed t o  provide information necessary 
t o  q u a l i f y  man and h i s  support  equipment f o r  extended space f l i g h t .  
work w i l l  cont inue on experiments which w i l l  examine the  t o t a l  phys io log ica l  
e f f e c t s  of prolonged weight lessness  (90 days o r  more) on a small  pr imate;  
a s c e r t a i n  t h e  need of induced o r  a r t i f i c i a l  g r a v i t a t i o n a l  f o r c e  i n  space 
v e h i c l e s ;  and test l i f e  support  and p r o t e c t i v e  equipment designed t o  func t ion  
i n  zero g r a v i t y .  The s tudy t o  determine the  c h a r a c t e r i s t i c s  of a n  e a r t h  
o r b i t i n g  biotechnology l abora to ry  w i l l  be continued and expanded. Fu r the r  
work w i l l  be done on preparing experiments on v i s i o n  i n  t h e  luna r  environment; 
t h e s e  w i l l  include i n v e s t i g a t i o n s  i n  c o l o r  percept ion,  c o n t r a s t ,  and d i s t a n c e  
judgments under condi t ions of no atmospheric s c a t t e r i n g  of l i g h t .  A Scout 
launch is  scheduled f o r  a v e s t i b u l a r  experiment t o  s tudy t h e  a c t i o n  i n  weight- 
l e s sness  of t he  b a s i c  c e l l s  i n  t h e  f r o g ' s  balance mechanisms which is  s i m i l a r  
t o  t h a t  i n  man's i n n e r  e a r .  

I n  FY 1970, 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

S-RY 

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

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The primary ob jec t ives  of t he  Space Power and E l e c t r i c  Propuls ion 'program 
a r e  to:  (I) e s t a b l i s h  o r  advance the  s t a t e -o f - the -a r t  of a l i m i t e d  number 
of systems and components having t h e  g r e a t e s t  p o t e n t i a l  of s a t i s f y i n g  e s t i -  
mated f u t u r e  mission requirements t o  t h e  po in t  where t h e r e  i s  a high 13egree 
of  confidence i n  t h e i r  u l t ima te  success fu l  development, and (2) e f f e c t  a 
t imely and o rde r ly  in t roduc t ion  of t he  new o r  advanced technology emanating 
from the  program. 

Current e s t ima tes  of p o t e n t i a l  f u t u r e  mission power system requirements 
encompass a $wide range of power, l i f e  and mission environments. No one 
power system can meet these  va r i ed  requirements.  The space power program i s  
aimed a t  providing t h e  research  and technology necessary f o r  t h e  imprlmement 
and/or  development of a l i m i t e d  number of  solar ,  chemical and nuc lear  
systems f o r  a n t i c i p a t e d  a u x i l i a r y  power and e l e c t r i c  propuls ion  mission 
requirements ranging from wa t t s  t o  k i lowa t t s  i n  t h e  1970's t o  megawatts i n  
t h e  1980's. 

The e a r l y  app l i ca t ion  of s o l a r  powered e lec t r ic  t h r u s t e r s  f o r  spacec ra f t  
p o s i t i o n  c o n t r o l  and f o r  small ,  automated, i n t e r p l a n e t a r y  spacec ra f t  cont inues 
t o  be a major goa l  of t h e  e l e c t r i c  propuls ion  program. The expe r i enm t o  
d a t e  from the  ATS (Applicat ions Technology S a t e l l i t e )  f l i g h t  program, coupled 
wi th  t h e  design and ground eva lua t ion  of t y p i c a l  t h r u s t e r  systems, confirms 
t h e i r  p o t e n t i a l  advantages of spacec ra f t  ope ra t iona l  f l e x i b i l i t y  and sim- 
p l i c i t y ,  increased payload o r  decreased t r i p  t i m e ,  o r  reduced spacec ra f t  
weight. The proposed SERT I1 (Space E l e c t r i c  Rocket Test)  f l i g h t ,  t h e  
cont inuing ATS program, and t h e  ground technology program a r e  e s s e n t i a l  
s t e p s  toward the  goa l  of e a r l y  app l i ca t ion .  

SUMMARY OF REIZURCES REQUIREMENTS: 
(Thousands of Dolle rs) 

1968 1969 - -, 1970 

Supporting research  and 
technology.. ............................ $42,385 $40,700 $39,400 

......... 5 00 

Total................................... $43.735 $42,200 $,39.900 

SNAP-8 technology. ........................ (7,500)* (5,000)* (5,000)* 
Space e l e c t r i c  rocket  t e s t  (SERT) 1.350 1*50(1 -.- 

- -I- 

*Included i n  t h e  Supporting Research and Technology. 
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BASIS OF FUND REQUIREMENTS: 

Supporting Research and Technology 

The nuc lea r  power system technology program i s  focused on a l imi t ed  number 
of energy conversion concepts t o  meet a broad range of p o t e n t i a l  space power 
requirements t h a t  may grow from w a t t s  t o  k i l o w a t t s  i n  t h e  1 9 7 0 ' ~ ~  t o  mega- 
w a t t s  i n  t h e  1980's and beyond. This broad power range i s  being m e t  by 
t e c h n i c a l  emphasis on both s t a t i c  and dynamic conversion systems including 
the rmoe lec t r i c ,  Brayton, SNAP-8, advanced Rankine, and thermionic conversion 
systems. The technology underlying t h e s e  systems is  d i f f i c u l t  and long range 
r e q u i r i n g  s u s t a i n e d  e f f o r t  t o  e s t a b l i s h  engineer ing da ta  on new m a t e r i a l s ,  
components, subsystems and systems under cond i t ions  of temperatures,  l i f e  
and r e l i a b i l i t y  never before  achieved i n  power systems. 

Emphasis i n  t h e  FY 1970 s o l a r  power generat ion program w i l l  be placed on 
ob ta in ing  improved understanding of t h e  s t r u c t u r a l  dynamic c h a r a c t e r i s t i c s  of 
l a r g e  a r e a  s o l a r  c e l l  a r r a y s .  I n  add i t ion ,  t echno log ica l  advances i n  t h e  
electromechanical  d r i v e  systems needed t o  t u r n  t h e  l a r g e  s o l a r  c e l l  a r r a y s  t o  
t r a c k  t h e  sun w i l l  be pushed. Methods f o r  compact stowage during launch, and 
r e l i a b l e ,  automatic deployment once i n  space,  w i l l  be pursued f o r  t hese  high 
power s o l a r  c e l l  a r r a y s .  Major advances i n  t h e  r e s i s t a n c e  of s o l a r  c e l l s  t o  
degradat ion i n  t h e  space environment w i l l  be sought i n  FY 1970. 

An urgent need e x i s t s  i n  FY 1970 t o  advance t h e  technology required f o r  
d i s t r i b u t i o n ,  r e g u l a t i o n ,  and c o n t r o l  of space v e h i c l e  e l e c t r i c a l  power. The 
e l e c t r i c a l  components and c i r c u i t s  needed t o  perform these  c r i t i c a l  funct ions 
cont inue t o  be inadequate.  Def i c i enc ie s  i n  these  power processing equipments 
have been the  cause of s p a c e c r a f t  f a i l u r e s  i n  recent  years .  E f f o r t s  t o  
advance t h i s  technology must be increased i n  FY 1970 i f  r e l i a b l e ,  long l i f e  
power systems a r e  t o  be p o s s i b l e  i n  t h e  f u t u r e .  

A major goal  of t h e  chemical power program i n  N 1970 cont inues t o  be the  
development of nondestruct ive t es t  methods t h a t  would permit a determinat ion 
of rechargeable  b a t t e r y  l i f e  expectancy from tes ts  performed f o r  less than 1% 
of b a t t e r y  l i f e .  
s u b s t a n t i a l l y  t o  increased b a t t e r y  l i f e  and r e l i a b i l i t y .  A second major goal 
i n  JT 1970 i s  the  work t o  achieve impact r e s i s t a n t ,  hea t  s t e r i l i z e a b l e  
b a t t e r i e s  f o r  use on p l a n e t a r y  landing capsules .  
l a r g e r  b a t t e r i e s  f o r  h ighe r  power and toward remote a c t i v a t i o n  t o  avoid 
d e t e r i o r a t i o n  during t h e  extended t r a v e l  t i m e  required t o  reach the  p l ane t s .  

The development of such a t es t  program would c o n t r i b u t e  

Emphasis w i l l  t u r n  toward 

The e l e c t r i c  t h r u s t e r  technology program cont inues t o  make progress  toward 
t h e  goal  of e a r l y  mission a p p l i c a t i o n .  
t h e i r  f i r s t  NASA o p e r a t i o n a l  f l i g h t  i n  t h e  Applicat ions Technology S a t e l l i t e  
(ATS) program where accu ra t e  product ion of very low t h r u s t  f o r  accomplishing 
east-west  s t a t i o n  keeping was t h e  p r i n c i p a l  advantage sought and r ea l i zed .  
During FY 1970 t h e  e l e c t r i c  propuls ion program w i l l  focus on t h e  high,  s p e c i f i c  
impulse i o n  t h r u s t e r  system wi th  e l e c t r i c  t h r u s t  vec to r ing  c a p a b i l i t y  which 
shows t o  advantage i n  long d u r a t i o n  missions f o r  both a u x i l i a r y  and prime 
propuls ion a p p l i c a t i o n s .  

During FY 1969, such systems have seen 

Work on t h e  high temperature r e s i s t o j e t  and the  use 
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of b i w a s t e s  a s  p rope l l an t s  from t h e  l i f e  suppor t ' sys tem f o r  manned sp<sce 
s t a t i o n s  w i l l  a l s o  continue. 

The f l i g h t  s a f e t y  program provides  coord ina t ion  and d i r e c t i o n  €or  the  NASA 
por t ion  of the  j o i n t  AEC/DoD/NASA reviews and ana lyses  of proposed missions 
u t i l i z i n g  nuc lear  space power systems, provides  guide l ines  f o r  f u t u r e  !mission 
app l i ca t ions ,  develops s p e c i f i c  des ign  information i n  a reas  where NASA has 
s p e c i a l  competence, and t h e  recovery of NASA launched spacec ra f t  ca r ry ing  
nuc lear  m a t e r i a l s ,  when f e a s i b l e .  

Space E l e c t r i c  Rocket Test  (SERT) 

The SERT f l i g h t  program's o v e r a l l  o b j e c t i v e  i s  t o  provide information on 
the  opera t ion  of e l e c t r i c  t h r u s t e r  systems i n  t h e  space environment. 'The 
SERT I1 o r b i t a l  f l i g h t  has a s  i t s  primary o b j e c t i v e  t h e  v e r i f i c a t i o n  of long 
term e l e c t r o n  bombardment i o n  engine performance i n  space.  The spacec ra f t  
w i l l  a l s o  ca r ry  experiments aimed a t  a s ses s ing  poss ib l e  e l e c t r i c  propuls ion  
spacec ra f t  i n t e r a c t i o n s .  SERT I1 i s  considered t o  be the  next  major s t e p  i n  
t h e  development of e l e c t r i c  propuls ion  f o r  prime propuls ion  of i n t e r p l a n e t a r y  
spacec ra f t .  The launch is scheduled f o r  CY 1969 us ing  t h e  Thorad Agena 
launch veh ic l e  from t h e  Western Tes t  Range. The FY 1970 funds a r e  required 
f o r  launch support  and da ta  reduct ion.  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTR4ATES 

SUMMARY 

OFFICE OF ADV.ANCED RESEARCH AND TECHNOLOGY NUCLEAR ROCKETS YROGRAM 

PROGRAM OBJEC'TTES AND JUSTIFICATION: 

The o b j e c t i v e  of t h e  Nuclear Rockets program i s  t o  provide rocke t  
propuls ion  systems f o r  a p p l i c a t i o n  t o  advanced o r b i t a l ,  l u n a r  and p l ane ta ry  
missions.  I n  ca r ry ing  ou t  t h i s  o b j e c t i v e ,  t he  AEC-NASA Space Nuclear 
Propuls ion Off ice  is  conduct ing a d e t a i l e d  program of sys tem a n a l y s i s ,  
des ign ,  development and t e s t i n g  to  provide a 75,000 pound t h r u s t  NERVA 
engine capable of performing advanced space missions.  
i s  proceeding us ing  the  base of technology e s t a b l i s h e d  through t h e  Phoebus 
and NERVA technology programs. 

Engine development 

The Nuclear Rockets program a c t i v i t i e s  t o  be conducted i n  FY 1970 inc lude ,  
f o r  NERVA development, t h e  es tab l i shment  of t he  f i n a l  engine des ign ;  t h e  
procurement, f a b r i c a t i o n  and t e s t i n g  of component development hardware; and 
the  i n i t i a t i o n  of procurement of nozz le  fo rg ings  and o t h e r  long Leadtime 
hardware f o r  t h e  f i r s t  development r e a c t o r  and engine.  I n  a d d i t i o n ,  t h e  
des ign  of Engine Test  Stand No. 1 (ETS-1) mod i f i ca t ions  w i l l  be e s t a b l i s h e d  
and a con t r ac t  w i l l  be i n i t i a t e d  f o r  t he  f a b r i c a t i o n  of t h e  new exhaust  
duc t  f o r  NERVA, engine t e s t i n g .  

SUMMARY OF RESSOJ'RCES REQUIRF2lENTS: 
(Thousands of Do l l a r s )  

1968 1969 1970 

Supporting r e sea rch  and technology... $12,500 $6,000 $8,000 
NERVA....... ......................... 37,500 22,200 27,500 
NRDS ope ra t ions  ...................... 4,000 3,800 1,000 

To ta l . .  ........................... $54,000 $32,000 $36,500 

BASIS OF FUNTL&:QUIREMENTS : 

Supporting Research and Technology 

The suppoi:l:ing r e sea rch  and technology e f f o r t  (SR6rT) covers  a very broad 
spectrum of programs, most of which are of r e l a t i v e l y  s m a l l  d o l l a r  value.  
The genera l  ci:Lmci are: 
development program; ( 2 )  t o  extend t h e  technology f o r  s o l i d - c o r e ,  nuc lear  
rocke t  systeai~s beyond c u r r e n t  performance l e v e l s ;  ( 3 )  t o  e s t a b l i s h  tha 
technology base requi red  f o r  nuc lea r  s t a g e  development; and (4) t o  i n v e s t i g a t e  
t h e  f e a s i b i l f t t y  of advanced propuls ion  concepts .  

(1) t o  provide support  t o  t h e  NERVA engine des ign  and 
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NERVA 

The prime output  of t he  Nuclear Rockets program w i l l  be a nuclear  engine,  
developed through Pre-Fl ight  Rating Tests (PFRT), having a s p e c i f i c  impulse 
of approximately 825 seconds, and a t h r u s t  of about 75,000 pounds 
(approximately 1500 megawatts of reactor power), This engine w i l l  provide 
a major advance i n  propuls ion  c a p a b i l i t y .  A nuc lear  s t age  would be capable 
of performing a wide v a r i e t y  of advanced space missions,  beyond the  
performance p o t e n t i a l  of chemical rocketry.  It can g r e a t l y  extend the  
usefu lness  of t h e  Sa turn  V launch veh ic l e ,  can be used e f f e c t i v e l y  i n  Space 
Propuls ion of rendezvoused payloads and as an upper s t age  f o r  low c o s t  
boos t e r s  

NRDS Operations 

The Nuclear Rocket Development S t a t i o n  is t he  na t iona l  s i te  f o r  t he  
ground, s t a t i c - t e s t i n g  of nuc lear  rocket  r e a c t o r s  and engines.  Eventual ly ,  
i t  w i l l  be used t o  test t h e  propuls ion modules o r  rocket  s t ages  assoc ia ted  
with f l i g h t  development. 
sha re  of t he  genera l  s i te  opera t ions ,  t h e  major po r t ion  of which is 
supported by the  AEC. 

The funding i n  t h i s  area provides  f o r  NASA's 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY CHEMICAL PROPULSION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The Chemical Propuls ion program has t h e  o b j e c t i v e  of providing; requi red  
technology t l o  prennit t he  s t r a igh t fo rward  development of advanced chemtcal 
rocke t  systems 'necessary f o r  t h e  n a t i o n ' s  f u t u r e  space mission. Elemcznts 
of t h i s  program a r e :  (1) i d e n t i f i c a t i o n  of f u t u r e  mission propuls ion  
requirements;  ( 2 )  r e sea rch  i n t o  fundamental p ropuls ion  concepts  t o  mmt 
these  requirlements; (3) s tudy  of p r i n c i p a l  design parameters ; (4)  inves-  
t i g a t i o n  of sound t e c h n i c a l  s o l u t i o n s  t o  key des ign  problems; (5) dewlop-  
ment of experimlental des ign ,  f a b r i c a t i o n ,  and test techniques ;  ( 6 )  demon- 
s t r a t i o n  of experimental  engines  and motors and, (7) eva lua t ion  of concepts  
and v e r i f i c a t i o n  of t e c h n i c a l  c a p a b i l i t y  t o  m e e t  t he  mission requiremtents. 

The development of advanced propuls ion systems t o  meet f u t u r e  spacli? 
program needis f o r  launch veh ic l e s  and s p a c e c r a f t  r e q u i r e s  a c a r e f u l l y  
planned technology base which should precede t h e  a c t u a l  sys  t e m  develop- 
ment phase b y  many years .  

Applied rese#arch and experimental  work is d i r e c t e d  toward two primary 
types of propuls ion:  systems using l i q u i d  p rope l l an t s  and motors whit:h 
use s o l i d  p rope l l an t s .  
both l i q u i d  and s o l i d  p r o p e l l a n t s  are a l s o  included.  
from millipoiundis t o  s e v e r a l  m i l l i o n  pounds and a p p l i c a t i o n s  range from 
small a t t i t u d e  s t a b i l i z a t i o n  t h r u s t e r s  f o r  s p a c e c r a f t  t o  very l a r g e  
motors f o r  f.Lrst s t a g e s  of f u t u r e  launch veh ic l e s .  This program is 
d i r e c t e d  t o  € h i  s o l u t i o n s  t o  these  requirements  which are r e l i a b l e ,  
economical, ;and expedi t ious .  

Hybrid chemical p r o p e l l a n t  systems which use 
Thrust l e v e l s  r m g e  

Propuls ion p~cocesses,  performance improvement, combustion problems, 
engine des ign ,  engine materials, and f a b r i c a t i o n  techniques are major 
c a t e g o r i e s  o €  a c t i v e  research .  I n  a d d i t i o n ,  p rope l l an t  phys i ca l  pro- 
p e r t i e s ,  and chemical r e a c t i o n  phenomena, as they relate t o  advanced 
propuls ion  sy.s t e m s  , are explored and repor ted .  The b a s i c  technol.ogicii1 
i n v e s t i g a t i o n s  are supported by complementary system demonstration pro- 
grams, which have t h e  purpose of e s t a b l i s h i n g  the  v a l i d i t y  of the! 
advanced propuls ion  sys  t e m s  concepts  generated by t h e  program. 
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SUMMARY OF RESOURCES REQUIREMENTS: 
(Thousands of Do l l a r s )  
1968 1969 1970 

Supporting r e sea rch  and technology. ..... $33,537 $28,900 $25,100 --- --- Large s o l i d  motor p r o j e c t  ............... 3,500 

Total................................. $37,037 $28,900 $25,100 

BASIS OF FUND REQUIREMENTS: 

Supportinp Research and Technology 

High performance l i q u i d ,  s o l i d ,  and hybrid p r o p e l l a n t s  are being 
examined f o r  use  i n  launching payloads a t  l o w  cost and f o r  use i n  o r b i t a l ,  
l u n a r ,  solar, and p l ane ta ry  space  systems. High performance p r o p e l l a n t s  
can be  t r a n s l a t e d  i n t o  g r e a t e r  payload c a p a b i l i t y  o r  i n t o  ca r ry ing  t h e  
necessary payload wi th  a smaller launch and space v e h i c l e  system. The 
work extends the use  of hydrogen f u e l  as a rocke t  p r o p e l l a n t  f o r  space 
missions and is  examining the  use  of high d e n s i t y  mild cryogenic 
o x i d i z e r s  and f u e l s  f o r  c e r t a i n  long du ra t ion  in space missions.  A 
s t r o n g  e f f o r t  i n  s i m p l i f i e d ,  r e l a t i v e l y  low-cost engine systems f o r  launch 
v e h i c l e  systems w i l l  b e  continued. 
engine des igns  t o  improve t h e  c a p a b i l i t i e s  f o r  t r anspor t ing  and maneuvering 
payloads i n  t h e  s o l a r  space  environment are being explored. 

New propuls ion  concepts  and advanced 

Research on s o l i d  p r o p e l l a n t  motor systems inc ludes  nondes t ruc t ive  
t e s t i n g  techniques f o r  i n spec t ion  and q u a l i f i c a t i o n  of loaded motors,  
i g n i t i o n ,  methods of combustion te rmina t ion  and restart, and improved 
p r e d i c t a b i l i t y  of p r o p e l l a n t  burning rate. 

Experimental  engineer ing  programs i n  l i q u i d  and s o l i d  p rope l l an t  motors 
v e r i f y  r e sea rch  des ign  and d a t a  e x t r a p o l a t i o n s  by demonstration tests of 
breadboard systems. 
q u i r e  continued r e sea rch  e f f o r t .  The experience he lps  g r e a t l y  i n  de f in ing  
the  appropr i a t e  design cri teria,  c y c l e  s e l e c t i o n ,  and ope ra t ing  cond i t ions  
f o r  such new equipment. The work involves  the  des ign ,  f a b r i c a t i o n  and 
tes t  of experimental  components and systems to  determine t h e i r  p r a c t i c a l i t y ,  
providing a sound b a s i s  f o r  s e l e c t i o n  of advanced propuls ion  equipment. 
It fur thermore provides  a clear i n d i c a t i o n  of des ign  and test methods t h a t  
w i l l  reduce t h e  c o s t  of development and product ion of t h e s e  equipments. 
Fab r i ca t ion  process  s p e c i f i c a t i o n s ,  development procedures ,  c o s t s ,  schedules ,  
f a c i l i t y  and s p e c i a l  equipment requirements ,  can be assessed  as a r e s u l t  of 
such work. 

Very o f t e n  such tests d i s c l o s e  new problems t h a t  re- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF AF’CED RESEARCH AND TECHNOLOGY AERONAUTICAL VEHICLES PROGRAM, 

PROGRAM OBJECTIVES -- AND JUSTIFICATION: 

The r o l e  of t he  Aeronaut ical  Vehicles  program i s  t o  provide continued 
improvements i n  the  s a f e t y ,  e f f i c i e n c y  and u t i l i t y  of a l l  c l a s s e s  of i n i l i t a r y  
and commercial a i r c r a f t .  
t echnologica l  advances needed t o  develop s a f e r  and supe r io r  c o m e r c i a 1  a i r -  
c r a f t ,  and l eade r sh ip  i n  the  genera t ion  of advanced a i r c r a f t  concepts  a r e  
i n t e g r a l  p a r t s  of t he  program. E f f o r t  i n  t he  advanced r e sea rch  and technology 
d i s c i p l i n a r y  a r e a s  of aerodynamics, loads and s t r u c t u r e s ,  propuls ion,  opera- 
t i n g  environment and f l i g h t  dynamics; p lus  proof-of-concept e f f o r t  i n  t he  
gene ra l  a v i a t i o n ,  V/STOL, subsonic ,  supersonic  and hypersonic  a i r c r a f t  a r e a s ,  
i s  conducted i n  fur therance  of t he  above objec t ives .  Proof-of-concept a c t i v i t y  
i s  system i n t e g r a t i o n  technology whereby f u l l  scale ope ra t ing  systems a r e  used 
t o  extend labora tory  technology i n  system elements. The programs i n  these 
a r e a s  encompass work i n  m a t e r i a l s ,  no i se  and son ic  boom, o p e r a t i o n a l  ,aspects,  
propuls ion system and a i r f r ame  in t eg ra t ion ,  and t h e  r e l a t i o n s h i p s  whit:h exist  
between the  p i l o t  and t h e  to ta l  a i r c r a f t  system. 

Advanced data f o r  t he  design of new a i r c r a f t ,  

SUMMARY OF RESOURCES -- REQUIREMENTS : 

(Thousands of Dollars) 
19 70 

-I 
1968 19 69 

Advanced research................. 
General a v i a t i o n  a i r c r a f t  

teChn010gy... . . . . . . . . . . . . . . . . . . .  
V/STOL a i r c r a f t  technology........ 
Subsonic a i r c r a f t  technology...... 
Supersonic a i r c r a f t  technology.... 
Hypersonic a i r c r a f t  technology.... 

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

$12,800 $16,891 :$21,785 

450 535 500 

7,905 17,046 16,190 

14,538 9,795 _, 8,275 

7,057 8,740 11,250 

24,050 21,893 20,900 

1978,900 
I S  

$66,800 $74,900 d 
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Advanced Re search  

Advanced research  i n  a i r c r a f t  aerodynamics i s  a cont inuing  i n v e s t i g a t i o n  
of a i r f l o w s  determining f l i g h t  performance, s t a b i l i t y ,  and con t ro l .  The 
program i n  t h i s  a r ea  embraces the  subsonic ,  t r anson ic ,  supersonic ,  and hyper- 
son ic  f l i g h t  regimes involved i n  advanced ae ronau t i ca l  veh ic l e s .  Funds a r e  
requi red  f o r  ex tens ions  of b a s i c  s t u d i e s  on the  s u p e r c r i t i c a l  wing and i t s  
adapt ion  t o  t r anson ic  a i r c r a f t ,  development of theory  and computer programs 
f o r  ana lyz ing  supersonic  a i r c r a f t  con f igu ra t ions  wi th  r e spec t  t o  performance 
opt imiza t ion  and son ic  boom minimization, and a p p l i c a t i o n  of f l u i d  physics  
t o  the  c r i t i c a l  aerodynamic problems of hypersonic c r u i s e  f l i g h t .  Provis ion  
has been made f o r  upgrading of c r i t i c a l  wind tunnel  f a c i l i t i e s  a s  w e l l  a s  
f o r  t h e  ope ra t iona l  support  requi red  t o  inc rease  t h e i r  e f f ec t iveness .  

The underlying goa l  of t he  loads and s t r u c t u r e s  program is  t h e  achievement 
of l i g h t e r  weight a i r f rames  which e x h i b i t  s u p e r i o r  r e l i a b i l i t y  and s a f e t y .  
The program involves  a n a l y t i c a l  and experimental  s t u d i e s  of t he  s t r u c t u r a l  . 
environment and t h e  s t r u c t u r a l  behavior  and response t o  t h i s  environment, 
inc luding  t h e  eva lua t ion  of new concepts.  Included a r e  b a s i c  s t u d i e s  of t h e  
s t r u c t u r a l  response t o  gust  loads ,  eva lua t ion  of gus t  a l l e v i a t i o n  systems, 
b u f f e t i n g  and f l u t t e r ,  s t r u c t u r a l  f a t i g u e ,  t h e  use of composite ma te r i a l s  t o  
achieve l i g h t e r  weight a i r f rames ,  and t h e  development of improved stress 
a n a l y s i s  procedures.  

The primary goa ls  of t h e  Advanced Research a i r  b rea th ing  propuls ion program 
a r e  t o  provide advanced technology through a n a l y t i c a l  and experimental  i n v e s t i -  
ga t ions  of engine components and propuls ion  concepts which e i t h e r  a r e  not  
r e a d i l y  i d e n t i f i e d  wi th  a s p e c i f i c  f l i g h t  spectrum o r  e lse  i d e n t i f i e d  over a 
broad f l i g h t  spectrum. Included a r e  research  s t u d i e s  of :  b a s i c  mechanism of 
f an  and compressor no ise  genera t ion  and suppression,  j e t  exhaust no ise  
suppression,  development of engine no i se  p r e d i c t i o n  techniques,  t echnologica l  
assessment of nuc lear  power f o r  a i r c r a f t  use,  and smoke suppression of j e t  
engines.  Basic  s t u d i e s  w i l l  be continued on advanced bear ing  and l u b r i c a t i o n  
systems, and on a i r c r a f t - p r o p u l s i o n  system i n t e g r a t i o n  problems. 

The r e sea rch  e f f o r t  i n  t h e  a i r c r a f t  ope ra t ing  environment program is  aimed 
a t  so lv ing  genera l  problems a s soc ia t ed  wi th  t h e  runway and f l i g h t  environ- 
ments, f l i g h t  s a f e t y ,  no ise ,  f l i g h t  ins t rumenta t ion  and son ic  boom. It 
involves  t h e o r e t i c a l  ana lyses  and l abora to ry  and f l i g h t  t es t  experiments t o  
v a l i d a t e  cu r ren t  engineer ing  procedures and develop s o l u t i o n s  t o  a i r c r a f t  
ope ra t iona l  problems. 
a i r c r a f t  ope ra t ions  and t h e  b a s i c  environmental  design da ta  f o r  a p p l i c a t i o n  
t o  s p e c i f i c  c l a s s e s  of a i r c r a f t .  

The r e s u l t s  provide t h e  research  f o r  s a f e r  and q u i e t e r  

The f l i g h t  dynamics research  program i s  aimed a t  t h e  determinat ion of the  
dynamic i n t e r a c t i o n  and t h e  fundamental r e l a t i o n s h i p s  between the  p i l o t  and 
the  cockpi t  d i sp l ays ,  a i r c r a f t  c o n t r o l  system c h a r a c t e r i s t i c s ,  a i r c r a f t  f l i g h t  
response behavior  and t h e  requi red  f l i g h t  pa th  performance. It involves  
t h e o r e t i c a l  ana lyses ,  ground based s imula tor  s t u d i e s  and measurements i n  the  
r e a l  f l i g h t  environment t o  i n v e s t i g a t e  b a s i c  handl ing q u a l i t i e s  f a c t o r s .  The 
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program a l s o  includes s t u d i e s  of improved methods f o r  a i r c r a f t  c o n t r o l  and of 
improved tes t  techniques,  and research  t o  e s t a b l i s h  more r e a l i s t i c  p i l o t e d  
f l i g h t  s imula tors .  

General  Avia t ion  A i r c r a f t  Technology 

The genera l  a v i a t i o n  indus t ry  cont inues t o  e x h i b i t  rap id  growth, e s p e c i a l l y  
i n  the  a rea  of the  scheduled a i r  t a x i  ope ra t ion  ( so-ca l led  t h i r d  l e v e l  ca r r i e r , ,  
m in i - a i r l i nes ,  e tc . )  where t h e  small a i r p l a n e  i s  provid ing  a i r  t r a n s p o r t a t i o n  
l i n k s  between s m a l l  communities and major a i r  t e rmina ls .  I n  o rde r  t o  (assure 
a cont inuing increase  i n  the  l e v e l  of ope ra t iona l  s a f e t y  and u t i l i t y ,  the NASA 
is  conducting research  t o  provide t h e  necessary technology base which t h e  
indus t ry  and FAA can use f o r  cons t an t ly  improving these  a i r c r a f t .  The program 
encompasses aerodynamics, s t r u c t u r e s ,  and f l i g h t  dynamics technology which, 
coupled t o  the  e f f o r t  i n  t h e  opera t ing  environment a r e a ,  i s  a l ready  be,sinning 
t o  f i l l  t he  technology gaps i n  t h e  genera l  a v i a t i o n  a r e a .  

V/STOL A i r c r a f t  Technology 

Technology e f f o r t  w i l l  be increased both i n  the  d i s c i p l i n a r y  arid proof-of- 
concept a r eas .  P a r t i c u l a r  emphasis w i l l  be given i n  cont inuing  wind tunnel  
and a n a l y t i c a l  s t u d i e s  t o  providing b a s i c  information t o  support  t h e  des ign  
of advanced l i f t - f a n  and r o t o r  V/STOL concepts.  General  f l i g h t  research  w i l l  
u t i l i z e ,  f o r  example, the  newly-acquired XC-142 t i l t - w i n g  and XV-SB l i E t - f a n  
vehic les .  These s t u d i e s  w i l l  add t o  the  Limited information now iwaiL,able, 
enabl ing the establ ishment  of  more r e l i a b l e  c r i t e r i a  on which low speel3 con- 
t r o l  and handl ing q u a l i t i e s  requirements f o r  f u t u r e  V/STOL a i r c r a f t  designs 
w i l l  be based. 

More s p e c i f i c ,  proof-of-concept type programs w i l l  be i n i t i a t e d  t o  
eva lua te  i n  f l i g h t  two concepts f o r  providing s i g n i f i c a n t l y  improved shor t -  
take-off  and landing a i r c r a f t :  one f o r  prop-driven and one f o r  j e t -p rope l l ed  
t r anspor t s .  S imi la r  programs w i l l  be s t a r t e d  leading  t o  v e r i f i c a t i o n  tof two 
promising r o t o r  concepts aimed a t  improving t h e  c r u i s e  performance and 
reducing the  v i b r a t i o n  of convent ional  h e l i c o p t e r s .  

Another program w i l l  be i n i t i a t e d  t o  provide t h e  XV-5B research  a i r p l a n e  
with higher-performance l i f t - f a n s  and an  improved c o n t r o l  system enabl ing  
handling q u a l i t y  research  over  a broader  envelope of take-off  and descent  
condi t ions  more r ep resen ta t ive  of f u t u r e  product ion V/STOL a i r c r a f t .  

Subsonic A i r c r a f t  Technology 

Technology work on subsonic  a i r c r a f t  i s  o r i en ted  toward s a f e t y  of f l i g h t ,  
improvement of f l i g h t  e f f i c i e n c y  and t h e  reduct ion  of noise .  I n  the  d i s c i -  
p l ina ry  a r e a s ,  aerodynamic technology w i l l  be conducted on advanced a i r c r a f t  
conf igura t ions  w i t h  p a r t i c u l a r  emphasis on seeking  favorable  flow i n t e r a c t i o n s  
between a i r f rames  and high by-pass r a t i o  turbofan  engines .  S t r u c t u r e s  research  
app l i cab le  t o  subsonic  commerical a i r c r a f t  w i l l  inc lude  s t u d i e s  of s t r u c t u r a l  
loads and environment, f a t i g u e  and t h e  development of improved crack dlztection 
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techniques.  Propuls ion technology w i l l  seek t o  improve the  e f f i c i e n c y ,  
u t i l i t y  and s a f e t y  of p re sen t  and advanced subsonic  a i r c r a f t  propuls ion 
system concepts and t o  provide suppor t ing  in-house technology f o r  t h e  Qu ie t  
Engine P ro jec t .  Included a r e  a n a l y t i c a l  and experimental  research  s t u d i e s  of 
high performance, l o w  noise  f ans ,  compressors, combustors and tu rb ines  and 
s t u d i e s  of problems r e l a t e d  t o  the  i n t e g r a t i o n  of t he  Quiet Engine wi th  
subsonic  a i r c r a f t .  F l igh t  dynamics research  w i l l  be concentrated on i n v e s t i -  
ga t ion  of handl ing q u a l i t i e s  and ope ra t iona l  techniques of subsonic j e t  
t r a n s p o r t s  t o  provide a more r a t i o n a l  foundat ion f o r  c e r t i f i c a t i o n  c r i t e r i a ,  
s t u d i e s  of pilot-managed automatic  f l i g h t  c o n t r o l  i n  te rmina l  a r ea  opera t ions ,  
and t e s t s  of improved v e r t i c a l  s i t u a t i o n  d i sp lays  f o r  no ise  abatement s t e e p  
approaches. 

I n  FY 1969 a program was i n i t i a t e d  t o  s tudy  s u p e r c r i t i c a l  a i r f o i l s  i n  
f l i g h t  through t h e  modi f ica t ion  of an  F-8 a i r c r a f t  on loan from t h e  Navy. I n  
FY 1970 the  modified a i r c r a f t  w i l l  be instrumented and f l i g h t  t e s t e d .  

I n  cont inuing  t o  provide t h e  f u l l  research  and technology support  requi red  
by the  Interagency A i r c r a f t  Noise Abatement Program, t h e  NASA w i l l  conclude 
t h e  n a c e l l e  f a n  noise  minimization program by conducting f l i g h t  t e s t s  of 
choked i n l e t  n a c e l l e s  ( f i n a l  conf igura t ions  of a c o u s t i c a l l y  t r e a t e d  nace l l e s  
w i l l  have been completed i n  FY 1969) and f a b r i c a t i n g  and t e s t i n g  components 
f o r  t h e  Quiet Engine p r o j e c t .  

Supersonic A i r c r a f t  Technology 

The supersonic  a i r c r a f t  technology e f f o r t  is  d i r e c t e d  toward advancing the  
s t a t e -o f - the -a r t  i n  t h e  t e c h n i c a l  d i s c i p l i n e s  s p e c i f i c a l l y  r e l a t e d  t o  both 
c i v i l  and m i l i t a r y  supersonic  a i r c r a f t .  Broad based technology programs have 
been generated aimed a t  c l a s s e s  of problems whose r e s u l t s  are app l i cab le  t o  
these  a i r p l a n e  requirements.  Such a program is pointed necessa r i ly  a t  new 
and advanced conf igu ra t iona l  development through removal of s t a t e -o f - the -a r t  
gaps t h a t  may r e s t r i c t  u t i l i z a t i o n  of t h e  supersonic  f l i g h t  regime. 

By interagency agreement, NASA w i l l  cont inue t o  provide t echn ica l  support  
and a s s i s t a n c e  t o  t h e  FAA i n  t h e  evo lu t ion  of t h e  U. S. prototype supersonic  
t r anspor t .  Design problems a r i s i n g  dur ing  the  cu r ren t  development have ind i -  
ca ted  s e v e r a l  a r eas  wherein improvements can be achieved through the  planned 
research  program. I n  a d d i t i o n ,  technology d i r e c t e d  a t  advanced supersonic  
t r anspor t  conf igu ra t ions  i s  a major element of t h e  program. 

NASA w i l l  cont inue t o  provide t e c h n i c a l  a s s i s t a n c e  t o  t h e  Navy and A i r  
Force i n  the  evo lu t ion  of t h e  proposed VFX, FX and AMSA a i rp l anes .  Based 
upon p resen ta t ions  made by p o t e n t i a l  a i r f rame and engine con t r ac to r s ,  a NASA 
research  program was formulated t o  genera te  s o l u t i o n s  t o  p o t e n t i a l  t echn ica l  
problems. This program involv ing  a number of t e c h n i c a l  d i s c i p l i n e s  i s  being 
a c t i v e l y  pursued. 

U t i l i z i n g  a n  F-11lA a i r c r a f t ,  measurements of high-frequency i n l e t  a i r f low 
o s c i l l a t i o n s  a r e  cont inuing.  I n  add i t ion ,  f l i g h t  tes ts  of a boron composite 
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hor izonta l  t a i l .  and an  i n v e s t i g a t i o n  of aerodynamic b u f f e t  w i l l  be made. 

Performance and aerodynamic da ta  obtained dur ing  f l i g h t  from a YF-12.A a i r -  
plane w i l l  be c:ompared wi th  information from ground based f a c i l i t i e s ,  i n  
o rde r  t o  a s s e s s  the  v a l i d i t y  of cu r ren t  a n a l y t i c a l  and experimental  procedures.  

Hype r s o n i  c A i r c r a  f t Techno logy 

A t  t h e  present  e a r l y  s t a g e  i n  t h e  development of hydrogen fue led  a i r -  
b rea th ing  hypersonic a i r p l a n e s ,  optimum conf igura t ion  concepts a r e  not 
c l e a r l y  defined. Parametr ic  s t u d i e s  of complete conf igura t ion  designs a r e  
being performed i n  s u f f i c i e n t  depth t o  r e so lve  t h i s  problem and eva lua te  
r e a l i s t i c  p o t e n t i a l s  f o r  t hese  a i r c r a f t .  I n  these  s t u d i e s ,  t r a d e o f f s  among 
the  aerodynamic, s t r u c t u r a l  and propuls ion  d i s c i p l i n e s  w i l l  be evaluated 
from f l i g h t - p r o f i l e  ana lyses .  

A s  veh ic l e  concepts a r e  developed, experimental  model s t u d i e s  w i l l  cont inue 
t o  be made over t h e  requi red  ope ra t ing  speed range. The genera l  performance 
l eve l  of hypersonic propuls ion systems, u t i l i z i n g  subsonic  and/or  supersonic  
combustion, and t h e i r  e f f e c t  on the  performance of hypersonic a i r c r a f t ,  i s  t o  
be determined. To ob ta in  s a t i s f a c t o r y  aerodynamic c h a r a c t e r i s t i c s ,  tests of 
conf igura t ion  modi f ica t ions  w i l l  be conducted. Various s t r u c t u r a l  concepts 
t h a t  o f f e r  t h e  l e a s t  weight and thermal p r o t e c t i o n  systems w i l l  be i n v e s t i -  
gated.  

The hypersonic research  engine proof-of-concept program, i n i t i a t e d  i n  
FY 1965, cont inues t o  fu rn i sh  design information f o r  hypersonic propuls ion 
systems. A b o i l e r p l a t e  engine,  which w i l l  incorpora te  t h e  most advanced 
aerothermodynaniic technology developed dur ing  t h e  program, w i l l  be t e s t e d  
a t  t h e  Lewis Research Center ' s  Plum Brook F a c i l i t y .  





RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF TRAC:KING-&ND DATA ACOUISITION TRACKING AND DATA 
ACQUISITION PROGRAM 

PROGRAM OBJEC’I’JVES AND JUSTIFICATION: -- 

The purpose of this program is to provide responsive and efficfent 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 perforlnance 
of spacecraft and launch vehicle systems, (d)  transmission of commands from 
ground stations to spacecraft, (e) communication with astronauts iand 
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 miss:lons, 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 art2 pro- 
vided to process into meaningful form the large amounts of data which (are 
collected from flight projects. In addition, instrumentation faciliti~es 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. .................... $211,483 $226,950 $239,400 
Equipment. ..................... 51,567 41,222 46,100 
Supporting research and 
technology ................... 12,800 11,500 12,500 

Total........................ $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 addit ions. 

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. 
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). 

Funds for 
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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. In 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 TECBNOLOGY UTILIZATION -- -._I..---_ TECHNOLOGY UTILIZATIOI? PROGRAM 

PROGRAM OBJE6'CIVES AND JUSTIFICATION : -_-- 
This program provides a necessary follow-on to all government supported 

programs in I.:tnc! with the principle that techniques and methods discovered 
and/or developed with public support should be made available to the Itublic 
expeditiously for their benefit. Those techniques and methods which are of 
direct benefit: t.o the aeronautical and space communities almost automatically 
are put to usit! t:hroughout that community. However, there are inevitatlly 
discoveries arid developments in any line of research which are of potential 
benefit to usm-s outside of the developing community. It is the purpclse of 
the program t o  uncover such useful discoveries and provide a mechanism for 
making them known and available to the general public. In addition, this 
program provides a similar service in connection with management techniques 
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 RESOURCES REQUIREMENTS: -- 

(Thousands of Dollars) 
1,370 ._-__I_ --- 1968 I__-- 1969 

..... Identification and publication $1,500 $1,600 $1,700 
Evaluation......................... 700 800 950 

1,600 1,400 2,350 Dissemination...................... 
Analysis --- --- ........................... -- ___ 200 -- 

$5,000 -- Total............................ $4,000 A- $3  800 
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BASIS OF FUND REKIREMENTS: _I_-_ 

___.- 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. 
emphasis is placed on the identification and reporting of new technology by 
NASA contractors. 

Continued increased 

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. 

I_ Disseminatior 

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 IANGUAGE 

CoNsTRucTIoN OF F . u x L m E s  

For a d v a n c e  pliniriing, design, a n d  cons t ruc t ion  of facil i t ies fo r  
the N a t i o n a l  Aeronaut ics  a n d  Space  Admin i s t r a t ion ,  and for t h e  
.Acquisition or c o n d e m n a t i o n  of r e d  p r o p e r t y ,  as a u t h o r i z e d  by 
'hw, [$21 800,0001 $58,200,000, t o  r ema in  ava i lab le  unt i l  expcndcd .  
(42 U.S.6.  24ii1, et srq., 50 U.S.C. 611-515; TndPpendent 0fifiCc.s and  
Department of Housing und lirbtrn Development A p p r o p r i n / i o n  Act ,  
19ti0; additional authorizing legislation io  be proposed.)  
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N- AT 

Identifirntiori cuilr 
27 00 0107-0-1-251 

Budget plan (amounts for construction 
of facilities actions programed) 

Costs and obligations 

1968 actual 1969 estiniate 1Y70 estimate 1Y68 actual 1969 estimate 1970 estimate 

Program by activities: 
Direct program: . 

1. Manned space flight ____..________._______________________ 

2. Scientific investigations in space.- - ... .__.___________ __.___ 
3. Space applications. -. . . .__ -. - -. -. -. . . . - -. . . . _ _ _  - - - _ _  - - - - _ _  
4. Space technology _ _ _ _ _ _ _ _ _ _ _  __._.. - _____._.___ _ _ _ _ _ _ _ _ _  _ - -  
5. Aircraft technology- _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _  - - - - - - - _ _  - - -. - - -. - 
6. Supporting activities- - __. . - _ _  _. - -. . - - - - - - -. _ _ _  - - - - - - - - - 

21,340 
3,595 

_ _ _ _  - - -  - - - - - 
2.1 I5 
3.170 
3,285 

. .  

. . .  

10,414 
1,925 

386 

22,975 

.____...__.. 

______----.- 

Total direct program costs, funded - - _ _ _ _ _ _ _  ._ _ _ _ _  .. . . . . . - 
3. Space applications- - - -. _ _ _  - - - - -. -. - _ _  - _ _ _  -. - -. - -. . . . . . . 

33,505 

- - - _ _  - - -. . . - 
Reimbursable program: 

Total program costs, funded- _______.____________________ 

Change in selected resources 1- - ________._______________________ 

__________.. 

________.___ 

IO Total ________________________________________------------ 33.505 

Financing: 
21 Unobligated balance available, start of year, for Completion of prior 

year budget plans .____.________._...________________ ___... - 
22 Unobligated balance transferred from other accounts- -. - -. . . . . -. . 

Reprograming to prior year budget plans ... . _. . .___. .... ..~_.. . 

24 Unobligated balance available, end of year, for completion of prior 
year budget plans- _ _  - _ _ _  ___. _ _ _  _ _  _ _  ._____ - - __._ ._____. .. . .._ 

auaget autnorrry .......................................... 

__...____..- 

.._ _._. ..-- - 
4,295 

. .._. . .-. -. - 

?? ,so!! .. , . .. .. 

14.250 54,403 22,000 
1.595 7.416 6,000 

__._._..-.._ IO ...___.-..__ 

8,088 14.824 15,000 
4.767 4.910 10,000 

29,500 12,408 15,000 

58,200 93.971 68,000 

____......._ I l l  35 

___.._______ 94.081 68.035 
____.__-__._ -29.563 36,934 

58,200 64,518 104,969 

17,000 
4,000 

60,000 

60.000 

58,200 

-1.800 ---- 



Cotisrnucnoti OF FACILITIES -Continued 

Program and Financing (in thousands of dollars)-Contiwcd 

Budget plan (amounts for construction 
of facilities actions programed) 

Costa and obligations 
Identification code 

1968 actual 1969 estimate 1970 estimate 1968 actual 1909 estimate 1970 estimate 27-00-0 10741-1-25 I 

Budget au+o.rity: 
40 Appropriauon ________________..________________ .__ ___... _.___ 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 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

--- !ilM4ARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN BY LOCA'IIEION 

Loca it ion ---- 
Ames Research Center. ........... 
Elec t ronics  liesearch Center. .... 
Goddard Space FLight Center.. ... 
Je t  Propulsion ILaboratory....... 
John F. Kennedy Space Center,  

P J A S A . . . . . . , . . . . . . . . . . . . . . . * . . .  
Langley Research Center.. ....... 
L e w i s  Research Center.. ......... 
Manned Spacecraf t  Center.. ...... 
Marshall  Space F l i g h t  Center. ... 
Michoud A s s e m b l y  Fac i l i ty . .  ..... 
Wallops S t a t l o n . . . . . . . . . . . . . . . . ~  
Various Locatioins............... 
F a c i l i t y  Planning and Design. ... 

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

F i s c a l  Year 
1968 

$ 3,170 --- 
565 

1,930 

21,632 

2,115 
7 50 
823 
42 5 
740 

--- 

--- 
1,355 

$33,505 

(Thousands of dollart i)  -.- 
F i s c a l  Year F i w a l  Year 

1969 -I 19 70 .- 

9,014 l,? , 500 --- 14,767 --- 
1,333 --- --- 
400 --- 
275 500 

23,292 215,425 
3,500 

-5- 

1,000 

$35,700 -- I $33,200 -- 

The geographic loca t ion  of NASA i n s t a l l a t i o n s  i s  shown on the  map under the  
Summary Information tab. I n s t a l l a t i o n s  f o r  which cons t ruc t ion  p r o j e c t s  are 
requested i n  the  f i s c a l  year 1970 budget are i d e n t i f i e d  thereon. 
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N A T I O N A L  AERONAUTICS AND SPACE ADMINISTRATION 

I N S T A L L  A T  ION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 7 0  BUDGET ESTIMATES 

( 1 ) u l l o r ~  r n  thousunds) 

C O G N I Z A N T  PROGRAM O F F I C E  F O R  I N S T A L L {  T l O N  
_________- 

__ Electronics  liesearch Center Advanced Research and Technolo 

Cambridge, Massachusetts Middlesex Cambridge, Mas:rachusett _- s 

The mission o €  t he  Electronics  Research Center i s  t o  increase the  n a t i o n ' s  capabi l i ty  
i n  space by providing the knowledge and advanced technology needed t o  iml)rove 
performance ialnd r e l i a b i l i t y  of space and aeronaut ical  e l ec t ron ic  systems and com- 
ponents. 
basic  and applied aerospace e lec t ronics  research. It a l s o  provides a foc:al point 
f o r  na t iona l  aerospace e l ec t ron ic s  research, coordinating nation-wide re:;earch 
e f f o r t s  and sponsoring e lec t ronics  research conducted by industry,  univei-s i t ies ,  

NASA I NST A L L  AT 101'1 

N E A R E S T  C I T Y  - 
L O C A T I O N  01- I N S T A L L A T I O N  

~- 
I N S T A L L A T I O N  MISSION 

The Ctmter organizes,  manages , and conducts a comprehensive program of 

and pr iva te  :Lnst:itutions. 

PIWJE: r LINE I T E M  

Computer / 1nst:irunrentat ion 
Research Laboratory 

Center Suppori: F a c i l i t i e s  I11 

ZOGNIZANT 
O F F I C E  

ART 

ART 

:URRENT Y 

255 

66 

F Y  1 9 7 0  
(Est imated 

6,962 

1,126 

8,088 

T O T A L  
A L L  YEARS 
(EstirnatecD 

7,217 

1,192 

CF 7 NASA-Hal 



~ - -  
NASA I N S T A L L A T I O N  

Goddard Space Flight Center 

P R O J E C T  L I N E  ITEM 

COGNIZANT PROGRAM O F F I C E  FOR I N S T A L L A T I O N  

Space Science and Applications 

Fire Protection and Prevention 
Mod if icat ions 

- 
L O C A T I O N  O F  I N S T A L L A T I O N  C O U N T Y  

Greenbelt, Maryland Prince George's 

-__ - 
TOTAL 

N E A R E S T  C I T Y  

Greenbelt, Maryland 

CF 8 

30G N I Z ANT 
O F F I C E  

SSA 

-1....._.__ 

F Y  1 9 s  
T H R U  

:URRENT YI 

57 

F Y  19- 70 
( E s t i m a t e d  

670 

670 

F U T U R E  
YEARS 

(Es t imated )  

T O T A L  
A L L  YEARS 
( E s t i m e l e d )  

727 

N AS A-HQ 



N A T I O N A L  AERONAUTICS AND SPACE ADMINISTRATION 

INSTALLATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 2  BUDGET ESTIMATES 

(Do 11 ur s in thou s unds) 
____.-- ~ _ _  - 

N A S  A I NST A L L AT I ON C O G N I Z A N T  PROGRAM O F F I C E  FOR INSTALL A T I O N  

____ John F. Kennedy Space Center, NASA 

Merritt Island, Florida 

Manned Space Flight 
NEAREST CIT r 
Cocoa Beach, I'lorida _- ----- 

________- 
L O C A T I O N  O F  I N S T l i L L A T l O N  

I N S T A L L A T I O N  MISSION 

The Center conducts overall planning and supervision of the integration, test, 
checkout and launch of NASA space vehicle systems at the A i r  Force Eastern and 
Western Test Ranges and Merritt Island, and provides support services far all 
NASA elements located in the area. 

-_-- - -  

F'F0Jt.C I L I N E  I T E M  

---- -- 

Launch Complaices 34 and 37 

Manned Spacec'caft Facilities 
Modifications 

Utility Insta:lla! t ions 

High Pressure Gas Maintenance 
Facility 

- ~ 

TOTAL 

ZOGNIZANT 
O F F I C E  

MSF 

MSF 

MSF 

MSF 

U R R E N T  YI  

04,168 

46,205 

66,313 

12 

F Y  19- 70 
f Est imated 

8,000 

1,000 

3,300 

200 

L2,500 

--- 
F U T U R t  
YEARS 

(Estlmeted)  
__- - 

CF 9 

T O T A L  
A L L  YEARS 
(Esrrmetec9 

112,1.68 

47,2105 

69,613 

2 .L2 

NASA-HO 



-- 
NASA I N S T A L L A T I O N  

Langley Research Center 

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. 
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 

The Center plans, develops, and operates necessary 

C O G N I Z A N T  PROGRAM O F F I C E  FOR I N S T A L L A T I O N  

Advanced Research and Technology 

involved; in the course of research. 

- 
L O C A T I O N  OF l N S T A L L A T l O N  C O U N T Y  

--- an le S ti n kamftox, HrgPnia 

PROJEC T L I N E  I T E M  

NEAREST C I T Y  

Hampton, Virginia 

Aircraft Noise Reduction Laboratory 

! 

TOTAL 

CF 10 

3 0 G N I  Z A N T  
O F F I C E  

ART 

F Y  1 9 5 5  
T H R U  

C U R R E N T  YI 

332 

F Y  19- 7 0  
(Es t imated  

4,767 

4,767 

F U T U R E  
YEARS 

(Es t imated )  

T O T A L  
A L L  YEARS 
(Estimated) 

5,099 

NASA-HQ 



N A T I O N A L  AERONAUTICS AND S P A C E  ADMINISTRATION 

INSTALLATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 7 0  BUDGET ESTIMATES 

(1)ollcirs in thousands)  
____ ~____ ___ ~ - 

C O G N I Z A N T  PROGRAM O F F I C E  F O R  I H S T A L L  4TION 

_ _ _ ~  Manned Space Fl ight  
NASA INSTAL L A T I O N  

Manned Spacecraft Center 
L O C A T I O N  O F  I N S T A L L A T I O N  C ~ U N T Y  

Houston, Texit8s Harris Houston, Texas 
NEAREST C I T )  

_____ 

_____--- - 
I N S T A L L A T I O N  MISSION 

The Manned Spacecraft Center has as i t s  primary mission the developrnent i)f 
spacecraft  f o r  manned space f l i g h t  programs. The Center is a l s o  responstble 
fo r  manned space f l i g h t  operations,  conduct of as t ronaut  t r a in ing ,  and ea t r th  
resources prqsrams.  

~ _ _ _ - - -  - -  

PROJE r 'I LINE ITEM 

-- 

Mission Control Center Power 
Generation 1'ac:ili t y 

3 0 G N  I 2  ANT 
O F F I C E  

MSF 

F Y  1959 
T H R U  

:URRENT YI 

2,198 

F Y  19- 70 
(E s t imot ed 

1,750 

1,750 

IFUTU R E  
YEARS 

( I l s t imete  i) 
- 

CF 11 

TOTAI. 
A L L  YEARS 
( E s t i m a t e d )  

3,941; 

NASA-#Q 



N A T I O N A L  AERONAUTICS A N D  S P A C E  ADMINISTRATION 

IN STALL AT ION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 2  BUDGET ESTIMATES 

(Dollurs ir i  thousunds) 

L O C A T I O N  OF I N S T A L L A T I O N  C O U N T Y  

Accomac k __ Eastern Shore of Virginia - 

----- 
NASA I N S T A L L A T I O N  ---'-[-COGNIZANT PROGRAM OFFICE FOR INSTALLATION 

N E A R E S T  C I T Y  

Temperanceville, Virginia 

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. These data are processed and reduced to meaningful 
form and analyzed. 

PROJEC. I LINE ITEM 

Flight Information Control and 
Analysis Laboratory 

TOTAL 
__---I_ 

CF 12 

COG N I Z A N T  
O F F I C E  

SSA 

F U T U R E  
YEARS 

(Es t imated)  

T O T A L  
A L L  YEARS 
fE=timate&) 

530 

NASA-HQ 



N A T I O N A L  AERONAUTICS AND SPACE ADMINISTRATION 

INSTALLATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 7 0  BUDGET ESTIMATES 

(I)ollurs in thousonds) 
~ -_-- 

COGNIZANT PROGRAM OFFICE FOR INSTALLPITION 
~ 

NASA I NSTAL.LATICIP.1 

Various Locations Various 

No t Ap p 1 i cab 1 e 
C O U N T Y  

- 
L O C A T I O N  0 F I N ST A L L AT ION 

Not Appl ica ble - ~ - - -  Not Applicable 
I N S T A L L A T I O N  MISS1 ON 

-- - 

F'F'0JI.C T L I N E  I T E M  

______. - 

Modifications and Rehabilitations 
at All Locations 

Space Launch Complex 2, Modif ica- 
t ions 

Deep Space Antenna (210 Foot) 
Facilities 

TOTAL 

3 0 G N I Z A N T  
O F F I C E  

OLM 

SSA 

TDA 

:URRENT YI 

540 

1,029 

17,540 

F Y  1970 
( E  s timotedl 

9,000 

425 

17,000 

26,425 

F U T U R I :  
YEARS 

( E s t l m e t e 4  

I-- 

-..- 

TOTAL. 
ALL YEARS 
(Estimated) 

9,540 

1,454 

34,540 

CF 13 NASA-HQ 



N A T I O N A L  AERONAUTICS A N D  S P A C E  ADMINISTRATION 

INSTALLATION SUMMARY 
CONSTRUCTION OF FAClL lT l  ES 

FISCAL YEAR 1 9 7 0  BUDGET ESTIMATES 

A1 1 

(Dol lurs  in Lhousunds) 
___-- -___ 
NASA I N S T A L L A T I O N  - - - ~ - C O G  N I z ANT PR OG R AM o F F I c E F o R I N ST A L L A TI ON 

Office of Organization and Management -____ 
L O C A T I O N  O F  I N S T A L L A T I O N  

P R O J E C T  L I N E  I T E M  

N E A R E S T  C I T Y  C O U N T Y  

Facility Planning and Design 

COGNl  Z A N T  
O F F I C E  

O&M 53,865 

F Y  1 9 7 0  
( E s t  imot  e 4  

3,500 

3,500 

F U T U R E  
Y E A R S  

( E s t l m a t e d )  

T O T A L  
A L L  YEARS 
( E e t i m a t e d )  

Not 
Applicable 

CF 14 NASA-HQ 



NATIONAL AERONAUTICS AND S P A C E  A D M I N I S T R A T I O N  

PROPOSED APPROPRIATION LANGUAGE 

[ A n u ~ ? i i s ~ i i . \ ~ i v ~  OPER LTIONS] I I B S ~ R C I I  .4vu PI(OGRA.U 
114 A M A  0 Ell E N I '  

For ncccss:ii~v cspe~rws of [i)perntion] i a a w r c h  in  Goticinnlent 
lzborutories, i i i i i i i n g ~ ~ i t i c i i t  u f proyrums and d l l w  actiuilies of t h e  
NaLiond Acroiinritics aiid Space ~4dm:iiiistration, uot otheiwise 
provided for, iiicliiding unifornis or al lowmces therefor, as author -  
ized by  law ( 3  U.S.C. 5'901-5902) ; minor constrciction; [supplies, 
riiaterials, servicw, and equipment]  nwnrds; liil,e, mnintenance and  
clperntion of adminis t ra t ive a i rc raf t ;  prirchnse (iiot to excced [ten] 
Ih i i l y - Joe  for rcp1:icen~riit only) a n d  hirc of pnssc ngcr iiiotor vehicles; 
?.lid niaintenaiicr, rep:iir, a n d  altcsrntion of re:tl nrid pcrronnl prop- 
erty; [$603,173,000] $6 . i~ , : lOO,OO0:  Prouifletl, 'l'li:Lt, contracts 111ay 
be entered iirto r i n d c < r  t liis :ipproprixf iuii  for iiiaiiitenance arid 

srviccs, t!, be provided diiring 

nri I h p o r t i i i c n t  of IIoiisin y (ind 11i.tmn Detielop- 
merit Approp i~ in l ion  . I  c / ,  fFjfjrt; a ( l d i / i o t i d  ( i i i l / i o i ~ i z ; i i ! j  1r.qi.sldion lo be 
proposerl.) 

, PI s~I!., 50 L'.S.C. 611-515; 

GENERAL PROVISIONS 
N o t  to exceed 5 per centurn of any  appropriat ion made  available 

tc l  the Nat ional  Aeronautic8 a n d  Space Adminis t ra t ion by  th i s  Act 
may be transferred to any o ther  such  appropriat ion.  

No t  to  excccd $35,000 of the  appropriat ion C"Administrative 
Operations"] "Research and Program Management" in  t h i s  Act  for 
t h e  Nat ional  Aeronautics a n d  Space Administr.%tion shall  be  avai l -  
able  for scientific consultations or extraordinary cxpense, to be 
expended upon thc  :tpprov:tl nr ar i thori ty  of t h e  Adminis t ra tor  and 
his determinat ion shnll I)e final nnd conclusive. 

RPM1 
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1 RESEARCH A N D  PROGRAM M A N A G E M E N T  

Program and Financing (in thousands of dollars) 

Costs and obligations Identification coilc Budget plan 

1968 actual 1969 estimate 1970 estiinate 1968 actual 19G9 estiiiidte 1970 estinlate 2740-01 03-0-1 -251 
.. - ~- ~~ - . _ _  

Program by activities: 
Direct program: 

1, Manned space Right- . .-- ~ 

2. Scientific investigations in space-_ .__ ___. _ _  _____.... .______ 

3. Space applicat~ons _.____ - _____._.. _ _ _ _ _  _ _  ______.._ _ _  _ _ _ _ _ _  
4. Space technology-- _______.___. __.____ .____ - ._. . - _ _  _ _  -. - ._ 

5. Aircraft technology- - - - - - - - - - - - -. - - - - _ _  _ _  - - - - _ _  - - - - - - ._ - - - 
6. Supporting activities- -. - - - - - -. - - - - - - - -. . -. - - - - -. - - _ _  - 

Total direct program costs, funded.- -. ______.______ __..._ 

. .  

. . .  

Reimbursable program: 
I .  Manned space flight-- - _____-_____________________________  
3. Space applications- - - -. .________.__________________ .___ _ _  
4. Space technology _ _ _ _ _ _ _  - _.______________________ __.__.___ 

Total reimbursable program costs ___.___. _ _  _________.__ _ _  
Total program costs, funded- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Change in selected resources I - .  _.______________________________ 

I O  tu tal^ ...__.____..______..____________________---..------ 

. .  

324 352 
68.855 
201203 

139,998 
51,714 
34,171 

322,261 
74,300 
19.900 

142: 500 
55,300 
34, OOO 

639,293 

1,241 
939 
522 

648,261 

1.400 
1,330 

570 

2,702 

64 1 ,995 
____ 

_____.__._.. 

641.995 

I Selected resourcei as of June 30 are aa follows: 1967 
54, 265 

...___._ 157 

Total wlccted resources _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  54,421 

Unpaid undelivered orders ___._____________________ 
Advancer- ___________.._ .. . . . . . . . . . - 

3 1 7 . m  
77,900 
21,000 

141,800 
56, OOO 
36,900 

3 18,690 
77. 139 
23,094 

143,026 
52,840 
39,898 

322,800 
73.600 
19.700 

142,700 
55,400 
33,500 

650,900 654.687 647,700 
- 

I ,  616 1,211 1,400 
I ,  284 1,131 1.330 

600 487 570 

3,500 2.829 3,300 

654.400 657.51 7 651.000 
__._._____.- - 15,522 561 

654,400 641.995 651.561 

___- 

1968 
adjus l -  
menta 1968 I969 1970 

-2 ,751 35,806 36,367 35,267 _ _ _ _ _ _  342 342 342 ~ _ _ - -  
-2,751 36,148 36,709 35,609 

318,000 
78, OOO 
21.000 

142, OOO 
56,000 
37, OOO 

652, OOO 

1,616 
I ,  284 

600 

3.500 

655,500 
--1.100 

- 

654.400 

w 



RESEARCH A N D  P R O G R A M  &IAN AQh'Mh'XT-~Ol l~~ l lUl3d  

Program and Financing (in thousands of dollars)-Continued 

Costa and obligations -_ Budget plan Identifiration code 
1968 actual 1969 estimate 1970 estimate 1968 actual 1969 estimate 1970 estimate 27-00-0103-0-1-251 

Financing: 
Receipts and reimbursements from: 

1 1  Federal funds ...................................................................................... -2,494 -3,000 -3,200 
14 Non-Federal sources 2-  .............................................................................. -208 - 300 -300 
25 Unobligated balance lapsing-. ........................................................................... 130 ......................... 

Budget authority ....................................................... .~- .  ........................ 639,423 648,261 650.900 
____ ____ 

~ . 

11,550 41 42 Transferred from other accounts .......................................................................... 

43 Appropriation (adjusted) 639,423 ............................................................................. 648,261 650,900 
_ _ ~ _ _  

Relation of ob!igations to outlays: 
71 Obligations Incurred, net ................................................................................. 648.261 650.900 

74 Obligated balance, end of year -86,373 -74,934 
........................................................................ 2,685 ........................ - 77 Adjustments in expired accounts.. 

............................................................................................ 659.700 655, OOO 90 Outlays 651,527 

639,293 72 Obligated balance, start of year--- ....................................................................... 101,291 86,373 74,934 
............................................................................ -70.834 

- . .  

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 
( I n  thousands of d o l l a r s )  

F i s c a l  Year F i s c a l  Year :Fiscal Year 
1970 -- 1968 1969 

$307,450 MA”E3 SPACE ----- FLIGHT............... $315,098 $312,028 - 

John F. Kennedy Space Center ,  
NASA.......................... 93,131 97,669 97,501 

Manned Spacecraf t  Center. . . . . . . .  95,737 97,998 97,748 
Marshall  Space F l i g h t  Center. . . .  126,230 116,361 112,201 

SPACE SCIENCE AND APPLICATIONS.... $77,073 $82,510 - $88,053 

Goddard Space F l i g h t  Center. . . . .  68,305 73,490 79,024 
Wallops Stat ion. . . . . . . . . . . . . . . . .  8,768 9,020 9,029 

--- 

$195,600 

A m e s  Researc:h Center . . . . . . . . . . . .  33,781 34,036 34,050 
E lec t ron ic s  Research Center. . . . .  15,352 17,237 18,566 
F l i g h t  Research Center . . . . . . . . . .  9,469 9,680 9,615 

62,213 62,947 63,308 Langley Research Center . . . . . . . . .  
L e w i s  Research center.. . . . . . . . . .  66,222 67,845 68,061 

- ADVANCED RESE,PSCH ANI) TECHNOLOGY.. -I ._- $189,059 $ 1 9 3 , 9 2  - 

Space Nuclear Propuls ion Off ice .  2,022 2,179 2,000 

SUPPORTING 0PE:RA.TIONS 

NASA Headquarters.  .............. $58,063 $59,799 - $59,797. 

$648 261 - $ 6  50,900 - TOTAL, . . . . . . . . . . . . . . . . . . . . . . . . .  $639,293 -L 
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NATIONAL AEROHAIJTICS AND SPACE ADWIISTRAIION 

FISCAL YEAR 1970 ESTIMTES 

RESEARCH AND PROGRAW WLNAGEFENT 

$149.608 

160,040 

161,557 

3.474 

3.360 

3,391 

- 
FUNCTION 

Personnel 

1968 

1969 

1970 

Iravel 

1968 

1969 

1970 

$26.872 

28.426 

28.358 

731 

630 

630 

1968 

1969 

1970 

P a c i l i t i e i  

1968 

1969 

1970 

Technical 

1968 

1969 

1970 

Addnistra  

- 
Total 

__. __ 

$432,294 

463.722 

469,550 

15,095 

14.625 

14.600 

ta 

32,045 

24,636 

23,829 

Services 

94.297 

85,896 

84,954 

Services 

20,505 

17.398 

16.860 

t i v e  

- 
Subtotal 

OHSP 

3.315 

20,415 

18,756 

19,496 

2,028 

1,937 

$191,209 

202,840 

201.806 

7.340 

6.869 

6,530 

17,506 

14,151 

13.685 

64.989 

58,989 

17,368 

5,216 

3,057 

2.828 

28,838 

26.122 

25.233 

583 

3,425 

2.997 

3.458 

109 

84 

315.098 

312.028 

307.450 - 

J ,  P. Kennedy Manned Marshall 
Space Center, Spacecraft Space Plighl 

center Center ______ NASA 

$ 3  7.248 

43,297 

44,296 

661 

771 

679 

1,214 

1.045 

914 

42,291 

41.376 

40,722 

__- 
--- 
_ _ _  

11,717 

11,180 

10.890 

$63.669 

68,938 

70.025 

3,929 

3.923 

3,773 

6,243 

6,059 

5.975 

11,609 

9.307 

8,693 

2,090 

1,850 

1,668 

8,197 

1,921 

7,614 

$90.292 

90,605 

87.485 

2,750 

2,175 

2,078 

10.049 

7,047 

6.796 

11,089 

8,306 

7,953 

3,126 

1,207 

1,160 

8,924 

7,021 

6.729 

93.131 95,737 126.230 

97,669 97,998 116,361 

97.501 97,748 112.201 

- 
Subtotal 

OSSA 

DISTRDIJTION OF OBLIGATIONS BY FUNCTION 
BY INSTALLATION 

(Thousands of dol lars)  

$55.328 

62.664 

68.163 

2,045 

1.771 

2,054 

6.011 

5,490 

5,452 

8.106 

7.493 

7,422 

872 

823 

737 

4.711 

4.269 

4,225 

77,073 

82,510 

88,053 - 

Coddard 
Space Pl ight  wallops 

Center m n  

$50.160 

57.043 

62,513 

1.919 

1,639 

1,918 

5,951 

5,426 

5.385 

5,707 

5.193 

5,141 

826 

753 

675 

3,742 

3,436 

3.392 

$5.168 

5,621 

5.650 

126 

132 

136 

60 

64 

67 

2,399 

2,300 

2,281 

46  

70 

62 

969 

833 

833 

68,305 8.768 

73,490 9,020 

79,024 9,029 

Ames Electronics  Fl ight  Langley Levia Space Nuclear 
Subtotal Research Research Reaesrch Research Research Propulsion 

OART Center Center Center Center Center Off ice  - - _ _ _ _ _ - -  

r 1,752 

6,357 1 1,010 

6*138 I 905 
6.089 I 937 

$10,118 

11.944 

12.843 

308 

318 

351 

1,382 

1.329 

1,225 

1,668 

1.786 

2,375 

1,038 

933 

823 

838 

927 

949 

$7,228 

7,589 

7.583 

184 

189 

197 

92 

85 

85 

1.109 

1,099 

1.056 

29 

42 

42 

827 

676 

652 

$48.694 

51,613 

51.974 

1,130 

1,132 

1.132 

3,541 

950 

1 * 145 

6,373 

6,749 

6.554 

145 

138 

138 

2,330 

2,365 

2.365 

$54,851 

58,579 

58,984 

954 

896 

896 

528 

335 

277 

7,840 

6,125 

6.053 

697 

645 

665 

1,352 

1,265 

1.186 

189,059 33,781 15,352 9,469 62,213 66.222 2,022 

193,924 1 34.036 17.237 9,680 62,947 67,845 2.179 

195.600 I 34,050 18,566 9.615 63,308 68.061 2,000 

Headquarters 

$36.149 

38.178 

38.024 

2,236 

2.625 

2,625 

1,351 

1,302 

1.377 

787 

658 

668 

12,389 

11.581 

11.543 

5,151 

5,455 

5,560 

58.063 

59,799 

59,797 



NATIONAL AERONAUTICS AND SPACE ADUINISTTATION 

FISCAL YEAR 1970 ESTIMATES 

RESFARCH m D  PROGRAW IUNAGRSNT 

By PACTION 
DISTRIBUTION OF OBLIGATIONS BY OWECT CLASSIFICATION ____ 

(Thousands of mllars) 

P i w a l  Year 1>69 

Pe <some1 cm,ensa tion 

Personnel  b i n e f i t r  

I 

B e i l e f i t s  for fo-r p e r s o n n e l  

Travel b t r l n s p .  r,f persons 

TIlnspOIta t iYn of things 

R e i f a ,  comUPiCet lona ,  
ant1 u t i l i t i e s  

P ~ ~ n ~ i n l  and reproduct ion  

Other services 

S u p p l i e s  and mate r l n l b  

Equipment 

Lands and 6 t l u ~ t u : e s  

cranrs,  s u t s i d i e s  h c o n t r i b u t i o n s  

~ ~ ~ ~ r s n ~ e  ' l;#lms and Indemni t ies  

- 
Tors1 
NASA 

YB.536 

m.3n2 

336 

16,801 

4,090 

48,683 

7,286 

107.204 

17.214 

6,825 

1,829 

87 

2 J  

639.293 - 
L28,060 

32.477 

283 

16,356 

4 , 0 2 3  

47,324 

6,342 

9 2 , n u  

15.960 

3,380 

1.124 

8 3  

37 - 
j648.261 - 
5433.723 

32,951 

_ _ _  
16,339 

3.987 

46,963 

6,342 

90.697 

15.768 

2,849 

1.153 

92 

36 

S2J,829 - $16,860 - 

$45 .Ob 7 -- 

$1.4 30 

1,375 

15.041 

5,573 

P ,300 

i.264 

821  

- ._ 
e 3  

, I  -- 
$4 ,984 -- 

-_- 
__- 
_-_ 

$1,507 

I .  340 

l i .114  

j,'109 

7.mo 
7.1125 

104 

_._ 
92 

36 -- 
SL , I l l 1  -- 

rm I 







RESEARCH AND PROCRAY VA?!AC;EW3!T 

FISCAL YEAR 1970 ESTI'TATES 

.TOFIR F. - -  - KENNEDY- I.. SPACE CI'NTE? 

The Kennedv Space Center ,  formerlv t h e  Launch Ore ra t ions  P i r c c t o r n t c  of 
t he  Yarsha l l  Space Fl iyh t  Center ,  w a s  e s t ab l i shed  a t  Capc Kenncdv, F l o r i d a ,  as 
a sepa ra t e  Center x ~ i  t h i n  VASA j n  J u l y  1962. It  serves as t h e  p r  imnrv ('enter 
wi th in  NASA f o r  the  t e s t ,  checkout ,  and launch of s ~ n c c  v e h i c l e s .  This  
p r e s e n t l y  inc ludes  launch of manned and unmanned vehic1c.s a t  Renncdy Space 
Center ,  F lo r ida .  and unmanned v e h i c l e s  a t  t h e  A i r  Force Western 'rest Range. 
The Center i s  now concent ra t inE on t h e  Apollo Saturn V manned launcbe;, as  
well as s c i e n t i f i c  unmanned launches.  Kennedv Space Ce-ter i s  svec i f  i c a l l y  
r e spons ib l e  f o r :  

1. Launch v e h i c l e  checkout and p repa ra t ion .  

2 .  Spacecraf t  and pavload checkout and p repa ra t ion .  

3 .  Launch f a c i l  i t v  d e s i  En, c o n s t r u c t  i on,  maintenance . and o p c r n t  i Inns, 
inc luding  advanced planning and s t u d i e s  leadiny, t o  develoiment of 
new launch ope ra t ion  concepts  and techniaues.  

4 .  Fina l  i n t e g r a t i o n  and in t eg ra t ed  checkout of v e h i c l e ,  s p a c e c r a f t  
and launch f a c i l i t i e s ,  and t h e  conduct of ac tua l  launch ope ra t ions .  

5 .  Operation and coord ina t ion  of sunpor t inz  f a c i l i t i e s ,  ground 
supnort  equipment, and trackinp, and d a t a  aco i i i s i t i on  and Loqis t ics  
support  requi red  f o r  ope ra t ion  of a l l  NASA a c t i v i t i e s  a t  the Enstcrn 
and Western T e s t  Ranges. 

6. Technical  and a d m i n i s t r a t i w  surmort s e r v i c e s  f o r  all P!AS,I e lencn t s  
loca ted  i n  the  a rea .  

I n  f u l f i l l i n g  i t s  ass ianed  programs. t h e  Kcnnedv Space Center h a s  developed 
i n t o  a highly f l e x i b l e  ' space po r t '  capable  of handl ing a wide v a r i e t y  of 
launch a c t i v i t i e s  f o r  present  and f u t u r e  manned and unmanned space missions.  

The Kennedv Space Center i s  s i t u a t e d  annroximatelv 50 m i l e s  east of 
Orlando, F lo r ida ,  i n  no r theas t  Rrevard Countv. 

The t o t a l  land a r e a  ocrupicd hv t h e  i n s t a l l a t i o n  i s  87.760 a c t e q .  inc luding  
83,783 a c r e s  owned bv NASA. I n  a d d i t i o n  t o  t h e  land a rea  ocrupilvl, t h e  s t a t e  
of F lo r ida  has  dedicated t o  the  ITnited S ta tes  exc lus ive  use r i g h t s  t o  some 
5 3 , 5 5 3  a c r e s  of State-owned submerged lands.  

RPM 11 



c 
Tn a d d i t i o n  t o  the ope ra t ion  and mnintcnnncc of 311 f a c i l i t i e s  a t  the 

Kennedv Space Center ,  t h e  Center i s  r e s ~ o n . : i l ~ l c  €or  c e r t a i v  f a c i l i t i t s  within 
the  n a t i o n a l  Eastern T e s t  R n n m  launch n r e n .  The t o t a l  c a n i t a l  investment 
of Kennedv Space Center includiny: T.Ior1i i n  rroTres.;, contractor-!ield f n c i l  i t i e s  
a t  va r ious  locnti.ons, and t h e  Western Tcst  Ravqe, as of .Tunc! 30 ,  1968, was 

(Dollars i n  Thousands)  
1970 _-- - l Q h 9  

--I 

1968 - -  - - _  
Authorized permanent p o s i t i o n s ,  

end of year.  .................. 
Research and Program Yanagement. 

2,317 2.921. 2,821 
$93.131 $97,669 $97.501 
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RESEARCH AND P R O G U Y  !lANAC,EYENT 

FISCAL YEAR 1970 ESTIMATES 

The P!annecl Spacecraf t  Center w a s  e s t a b 1  ished i n  Xovem1)er 1961 a t  Houston, 
Texas, a s  N A S A ' s  primary Center f o r  t he  d e s i  ?n, development, and manufacture 
of  manned s p a c e c r a f t ,  and €o r  s e l e c t i o n  and t r a i n i n e  of a s t r o n a u t  crews and 
t h e  conduct clf space f l i g h t  missions.  ?fanned Spacecraf t  Center snd i t s  pre- 
decessor  o r g m i z a t i o n ,  t h e  NASA Space Task Group, have completed t w o  major 
programs: (I .)  t h e  'Iercury program, which w a s  t h e  United S t a t e s '  p ioneering 
ven tu re  i n t o  manned space f l i g h t ;  and ( 2 )  t h c  Geminj program, wliich extended 
manned f l i g h t  c a p a b i l i t y  i n  space i n  many s i q n i f i c a n t  wavs. :fanned Spacecraf t  
Center i s  now heavi ly  engaged i n  t h e  Apollo program and is  a l s o  7rocecding 
wi th  necessary s p a c e c r a f t  modi f ica t ions  f o r  t he  Apollo Appl ica t ions  p r o j e c t  
as w e l l  as program planning and t e c h n i c a l  a n a l y s i s  of o t h e r  pos t  -Apollo 
a c t i v i t i e s .  

The Apollc program utilizes t he  c a p a b i l i t i e s  of the  Xanned Sp;rcecraft 
Center i n  several wavs. This  Center is r e spons ib l e  f o r :  

1. The des ign ,  development, and f a b r i c a t i o n  of t h e  Apollo s p a c e c r a f t ,  
i nc lud ing  t h e  command and s e r v i c e  modules, and t h e  luna r  module. 

2 .  Overall program management and con t ro l  of t h e  s p a c e c r a f t  -inclu13ing 
module i n t e g r a t i o n ,  t e s t i n g ,  and q u a l i f i c a t i o n .  

3. Conduct of a program of spacec ra f t  environmental t e s t i n g .  

4 .  Se lec t ion  and t r a i n i n g  of a s t r o n a u t s  and p repa ra t jon  of primary and 
bnckrin crey-s f o r  each mission. 

5. Operation of t h e  Yission Control  Center and c o n t r o l  of the! space 
f l i r ,h t  missions from 1 i f  t- o f f  t o  rccoverv.  

6 .  Development of s c i e n t i f i c  cxperimcnts to he flown on Apo1;Lo f l i E h t s .  

7 .  Operation of t h e  1,unar.r Fcceiving I.almratorv, which provides  a 
c e n t r a l  complex tr1:et-c snmnlcs of m a t e r i a l s  brought t o  ear th  bv l una r  
exp lo ra t ion  teams mav be r ece ived ,  quarantined , processed ., undt?rgo 
l imi t ed  experiments,  and be d i s t r i b u t e d  t o  the  s c i e n t i f i c  comm i n i ty  
f o r  f urt tier ana lvs i  s .  

The longcr  du ra t ion  f l i g h t s  planned f o r  t h e  post-Apollo missions \ ' i l l  make 
i t  necessary t o  use  t h e  experienced personnel of t h i s  Center t o  upF:ratie syace-- 
c r a f t  and luna r  module subsystems. This  Center i s  also responsible! f o r  t h e  



development of e a r t h  sensor  experiment moclul e s  ;Ind tiometfi c a l ,  bioscicnce , and 
behavioral  experiment nodules t o  bc flown on !pollo Apnlicat ions missions.  

The Yanncd Spacecraf t  Center i s  loca ted  tv7o mi les  eas t  of t he  town of 
\Jcbster ,  Texas. The s i t e  i s  approxirnntelv 2 0  mi les  southeas t  of downtown 
Houston and 25 m i l e s  northwest of Calveston,  Texas. Total  ? J A S A - ~ T ; ~ ~ ~  land 
a t  Houston c o n s i s t s  of 1,670 ac res .  Thc Center a l s o  occuy,i(3$ a n  a d d i t i o n a l  
55,861 a c r e s  a t  t he  V h i t c  Sands Test F e c i l i t v .  The  t o t a l  c a p i t a l  investment 
of t h e  Flanned Spacecraf t  Center ,  inc ludinn  f ixed  a s s e t s  i n  progrcsr;. con- 
t rac tor -he ld  f a c i  lities a t  va r ious  l o c a t i o n s ,  and the  \\!hi tc! Sands Test 
V a c i l i t v ,  as of June 30, lC)f,c?, is $4?n,878,nW. 

( l b l l n r s  i n  Thousznds) 
1970 --- 1968 -- 1P69 - -I_- 

Authorized permanent v o s i t i o n s ,  
end of y e a r . . . . . . . . . . . . . . . . . . .  4,604 4,383 4,303 

Research and Program Management. $95,737 $97,998 597.748 
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FTSCAT, YEAR 2970 ESTT”‘A.TES 

Tlic ‘larshal L Space Fliyrht Ce.r:ter (YSFC) a t  Hi in tsv i l le .  Alnl).inn, beramc 
a n a r t  of  NASA i n  .JuIv 1960, and  s e r v e s  a s  NASA‘s primnrv c e n t e r  f o r  t h e  
des ign ,  develclpment, and t c s t i n z  of l a rce  launch vehicle:; and s p a c e  t ranspor-  
t a t i o n  svstcv:. YSFC i s  a l s o  engaged i n  pavload development and p ~ y l o n d  
i n t e p r n t i o n  f o r  p o s t - A ~ o l l o  El i q h t s .  YSFC inc ludes  t h e  component f i e l d  
a c t i v i t i e s  a t  ?liclioud Assemhlv F a c i l i  t v  (MAF) a t  New Orleans.  L o u i r ; i n n n ;  t he  
S l ic le l l  C‘entril Computer F a c i l i t v  ncnrhv: and the VissSissip?i T e s t  F a c i l i t y  
(MTF) i n  sou th res t  V i  s s i  q q i p n i .  Thc Center i s  now proceeding wit 4 the  
d i r e c t i o n  and manazernent of t h e  f r l  I o ~ ~ i n p :  

1. The  Saturn IR, which provides a lnunch v e h i c l e  f o r  Apollo 
sFncec ra f t  development and sc rves  as the  c a r r i e r  f o r  all 
Avo1 l o  App 1 -i c a t  j ons m i  s c: i ons .  

2.  The Saturn I?. which provides  the  launch v e h i c l e  f o r  manned 
luna r  landing mis s ions ,  planetary7 missions,  and f u t u r e  v w v  
l a r q e  F c i  e n t  i f i  c s a t e l l  i t e  payloads. 

3 .  Selected pavloads f o r  Apollo Apnlicat ions misc;jons. such as the  
Sa t u rn  I Workshop, and t h e  Apol l o  Te l  cscopc Mount. 

Tn carrvinp o u t  i t s  management responsihi  l i  t i es .  t h e  Plarshall Snace F l i g h t  
Cent er h a s  develoncd t h e  capahi l i t v  t o  : 

1. Desiyn and develor, l a r q e  launch v e h i r l c  s v s t e v s ,  i nc lud ing  
veli iclc svstems tes t  and I n t e g r a t i o n ,  taiLorec! t o  manned a n d  
unmanncd pavlond renuirementq. 

2 .  1)esiqn and develop s c i e n t i f j c  payloads,  space s t a t i o n s ,  ant1 svstems 
r e w i r e d  f o r  on-going and f u t u r e  space exp lo ra t ion .  

3. l kvc lo r  and i n t e g r a t e  s c i e n t i f i c  experiment pavload pack, igcs  
t o  be f lawn on Saturn/Annll o and siibseniient p o s t -  Apollo mi?sions.  

4 .  Conduct svsttcrns cngincer jnq and o v e r a l l  svqtems inte:,ration of 
v e h i c l e s  and yv loac l s .  

5. ‘l’echnirnl and bus iness  mannqement of inc1ustri ; i l  proprnms 
invn lv in r  space  v c h i c l c s .  pavlondc. 2nd  svs t ens .  
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I n  sunport  of i t s  assigned vroqrams. I.'nrshnll also mainta ins  t h e  research  
and development c a n a h i l i  t y  t o  condtict advanced s t u d i e s  on 1 aunch v e h i c l c  and 
space svsterns, m a c e  r a v i n a t i o n  tc rh~?iq i icq ,  astrnnntit icc: ,  and snnce sc ience  
investirzatioris.  Its c a n n L i l i t v  f o r  r e sen r rh  ?n(! f o r  man-tpeicnt of l a r g e  
i n d u s t r i a l  provam: o ives  t h e  Yarsball S w c c  " l iob t  Center a hiqhlv  f l ex i l i l c  
bnsc f o r  space nrograms. 

Operat ions of t h e  h 'arshal l  S n a r c  Flic.?it C e r l t C r  a r e  conc:urted a t  thrcc 
primarv loca t ions .  

The f i rs t  l o c a t i o n ,  t h e  n a i n  : rarshnl l  Spacc I ' l ioht Center s i t e  i s  near 
I iun t sv i l l e ,  Alabama. on Armv proper ty  a t  tlic Pcdstone Arsenal.  The Center 
occupjes  1,797 acreq  tinder a nonrevocable use' p e r m i t  From the  Army. and 64 
l ea sed  a c r e s .  The c a n j t a l  investment a s  of  .Ttine 39,  19613 vas S512.117,000.  
Cer ta in  f a c i l i t i e s  such as t h c  Pedstone Arscnnl P . i r  r i c l d  clnd some utilities 
a r e  u s e d  j o i n t l y  bv ?!ASA and t h e  Army. The Hi in tsv i l l r  l oca t ion  has decp- 
water  access  v i a  t h e  Tennesscc. O h i n  a n d  '1is:;issipni Tlivcrs. 

The second l o c a t i o n .  t h e  ?'ichotid Assmblv r n c i l i t v ,  is  loca ted  1 5  miles 
e a s t  of 'lev O r 7  e m s ,  1,ouisiana.  The main f a c i l i  t v  occunics  annrox i rwt t lv  897 
ac res  and t h e  S l i d c l l  Central Connutcr Facil i ty. .  a s a t e l l i t e  f a c i l i t y  20 m i l e s  
t o  t he  n o r t h e a s t ,  occtipies 14 a d d i t f o n a l  a r r c s .  The c a n i t a l  investment as of 
June 30. 1968, vas S147,@04,000.  "'ichnud f a c i l i t v  space t o t a l s  3,559,016 
soiiare f e e t .  inc luding  t h e  va in  assem1)lv n l a n t ,  coverinr! nn ? r e a  o f  43 acres 
under one roo f .  P'SK e x e r c i s e s  ove ra l l  mannyemcnt of tllc f a c i l i t v ,  vliile n 
sunport  c o n t r a c t o r  provides  a d m i n i s t r a t i v e  nnc' t echpica1  s c r v i r e q ,  and t h e  
v e h i c l e  prime c o n t r a c t o r s  produce the  Snturn T a n d  Saturn V boos ter  r , tazes a t  
this loca t ion .  The 'fichoud Asscmhlv Faci l i t -7  is  on t h e  G u l f  Tntra-Coastal  
Waterwav, and has  deep-water access v i a  the  Y i s s i s s i p n i  Rivcr .  

The t h i r d  l o c a t i o n ,  t h e  '{ iss iss inni  T c - t  F2cil i t v .  is i n  solit?iircqt 
Y i s s i s s i p p i  , anproximatclv SO vi  1 cq nort l icast  n f  ::e\- 01-1 c a n s ,  1 otii qipnn. To ta l  
land a r e a  i s  138.870 acres of which 13.428 ncrcc: wibe  un t h e  ac tua l  tcvt area 
owned by NASA. 'l'hc remaining, 3 2 5 . 4 4 2  a t r e 4  are  hcld as a b u f f e r  zonc. I n  tlic 
bu f fe r  area,  7.558 a c r e s  a re  owned hv NASA. and 117.584 a c r e s  a r e  iindcr re- 
s t r i c t i v e  easement. C a p i t a l  investment f o r  t he  :I issi . ;sinpi Test  F n c i l i t v  a s  of 
June 3 0 ,  1968, was $286.452,000.  Test  s t ands  inc ludc  n dual -pos i t ion  s tand 
f o r  t e s t i n g  t h e  Sa turn  ? f i r s t  s t a g e  ( S - I C ) ,  and tvo s t ands  f o r  t e s t i n s  t h c  
1,000,000 pound t h r u s t  Sa turn  V second s t a g e  ( S - T I ) .  WFC exercic,es o v e r a l l  
manaRement of t h e  f a c i l l t v ,  whi le  n sirnport r o n t r a c t o r  nrovides  admin i s t r a t ive  
and t echn ica l  services, and t h e  v e h i c l c  nrimc c o n t r a c t o r s  are resvonsil-le f o r  
conductinR tes ts  on t h e  s t ands .  The s i t e  has  r l ee~- :~a te r  access  f o r  t r ans -  
p o r t i q  l a r g e  boos te r s  v i a  t h e  P e a r l  River and thc Tntra-Coastal Idatcrvav. 

The t o t a l  capi t a l  investment of the l'ars?1all Snare F1 ioh t  Center ,  inc luding  
f ixed  assets In process  and cont rac tor -he ld  fnc i l i . t i cq  a t  va r ious  loca t ions ,  
3s of .Tune 30, 1968 .  was S945,573,000.  
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Authorized pennanent positions, 
end of w a r . .  . .. .......... .. .. 6,440 5,081 5 ,t151 

Research and 1’rof:rarn ?fnnagement . $126,230 SI 16,361 $ 1  1 2 ,  :101 





RESEARCH AND PROGRAN MANAGEMENT 

FTSCAL YEAR 1970 ESTIMATES 

CODDARD SPACE FLIGHT CENTER - - ~ - _  _______I-I 

MISS ION-: 

The Goddard :Space F l igh t  Center ,  e s t ab l i shed  i n  1959 as t h e  f j r s t  inajor 
United S t a t e s  l ahora to ry  devoted t o  the  inves t iKat ion  and exp lo ra t ion  of 
space,  conducts a wide-ranging program of experimentat ion i n  the  spacc? 
sc iences  and space a p p l i c a t i o n s .  As a r e s u l t ,  Goddard Space F1ir:ht G m t e r  
has  developed many d ive r se  c a p a b i l i t i e s :  t he  management of complex s# i t e l l i t e  
p r o j e c t s ;  t he  development of wholly in t eg ra t ed  s p a c e c r a f t ,  rangirig from 
systems enginser inp  t o  development, i n t e g r a t i o n ,  and t e s t i n g ;  t he  devc!lopment 
and opera t ion  oE s a t e l l i t e  t r ack ing  networks ; d a t a  a c q u i s i t i o n  arid an ' i l y s i s ;  
and s c i e n t i f  i c  research  t o  include both t h e o r e t i c a l  s t u d i e s  and the dcwelop- 
ment of many s i l y i f i c a n t  s c i e n t i f i c  experiments flown i n  s a t e l l i t e s .  

Although the  ma jo r i ty  of Goddard Space F l i g h t  Cen te r ' s  personnel  are a t  
the  Greenbelt  s i t e ,  o t h e r  personnel  are loca ted  a t  t he  Goddard I n s t i t i i t e  f o r  
Space S tudies  i n  New York C i ty ,  and throughout t h e  world,  managing thl? opera- 
t i o n  of :sate:llilte track-lng and communications network s t a t i o n s .  

Goddard Space F l igh t  Center i s  r e spons ib l e  f o r  t he  management of communica-- 
t i o n s  and meteorological  s a t e l l i t e  programs, such as the  Appl ica t ions  
Technology ai113 l?imbus S a t e l l i t e s ;  t he  management of s c i e n t i f  €c satel l  ite 
p r o j e c t s  t o  include t h e  Orbi t ing  Geophysical (OGO), Orb i t i ng  Solar  (O:;O),  
and the  Orbi t  in;: Astronomical (OAO) Observator ies  and the  Explorer se I-ies ; 
p r o j e c t  management of NASA's Del ta  launch veh ic l e :  management and opera t ion  
of two worldwide t r ack ing  and d a t a  a c q u i s i t i o n  networks, t h e  Space Tr,icking 
and Data Acquis i t ion  Network and the  :lamed Space F l iph t  Network: and t h e  
development o €  t he  soiindinp rocket  program. 

S igni  Eicant achievements of t h e  Goddard Space F l i g h t  Center i n  19613 
included : 

--- S c i e n t i f i c  - - -- S a t e l l i t e s  - ~ _ _ _  - - Major s c i e n t i f i c  sate1 l i t e s  success fu l ly  o r b i t e d  
i n  1968 included: OAO A 2 ,  f o r  u l t r a v i o l e t  (W) sky survey and photomc:try of 
b r i g h t e r  objel-t:;; OGO-V f o r  i n t e r d i s c i p l i n a r y  s t u d i e s  i n  p a r t i c l c s  anti f i e l d s ;  
Explorer 38 (?AI?-A) f o r  r a d i o  astronomy; and Explorer 36  (GEOS-11) foy geodesy 
i n  support  of t he  National Geodetic S a t e l l i t e  Program. The Center al!;o p a r -  
t i c i p a t e d  i n  technica l  management and launch of IIEOS-I f o r  ESRO, t h e  :'irst 
spacec ra f t  f o r  t h i s  o rgan iza t ion  f o r  i n v e s t i g a t i o n  of t h e  s o l a r  wind iknd 
cosmic rays .  

Meteorolg! i c a l  and Communications S a t e l l i t e s  - During 1968,  Goddartl Space 
F l i g h t  Center ,  on belialf of t he  Environmental Science Serv ices  Admini!;tration, 
launched two ope ra t iona l  weather s a t e l l i t e s ,  ESSA VI1 and VIII. One 'Lntelsnt , 
--I--- ~_-----I-I_ __--_---I-- _-  
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opera t iona l  communications s a t e l l i t e  of t he  Communications S a t e l l i t e  
Corporation, w a s  also launched by t h i s  Center dur ing  1968. 

- Sounding Rockets - The sounding rocket  program cons is ted  of 175 s c i e n t i f i c  
rocke t  launchings i n  1968, inc luding  1 7  launches i n  conjunct ion with fo re ign  
s c i e n t i s t s .  

Tracking and D a t a  Acquis i t ion  - The Goddard-managed Space Tracking and 
Data Acquis i t ion  Network provided communications and t r ack ing  coverage f o r  
unmanned s c i e n t i f i c  and a p p l i c a t i o n s  sa te l l i t es  i n  1968. The Flamed Space  
F l i g h t  Xetwork provided g loba l  t r ack ing  support  f o r  the  f i r s t  manned Apollo 
f l i g h t  (Apollo 7 ) ,  and support  f o r  t he  circumlunar manned Apol lo  f l i g h t  
(Apollo 8) .  

DESCRIPTION: 

The Goddard Space F l i g h t  Center ,  l oca t ed  15 m i l e s  nor theas t  of Washington, 
D.C. a t  Greenbel t ,  Xaryland, i s  s i t u a t e d  on a 554-acre main s i te .  Three 
a d d i t i o n a l  p l o t s  of 639 acres comprise t h e  remote s i t e  area and conta in  t h e  
Goddard Antenna T e s t  Range, t h e  Goddard Op t i ca l  F a c i l i t y ,  t h e  Propuls ion 
Research F a c i l i t y ,  t h e  Flagnetic F ie lds  Component Test F a c i l i t y ,  t h e  At t i t ude  
Control  T e s t  F a c i l i t y ,  and t h e  Network Tra in ing  and T e s t  F a c i l i t y .  Tota l  
c a p i t a l  investment as of June 30, 1968, under the  cognizance of Goddard Space 
F l i g h t  Center ,  inc luding  t h e  ?fanned Space F l i g h t  Network, t he  Space Tracking 
and Data Acquis i t ion  Network, A p o l l o  s h i p s ,  and the  Goddard Space F l igh t  
Center main s i t e  a t  Greenbel t ,  2-laryland, is  $614,860,000. 

SUPWARY OF RESOURCES ---- REXIREPTENTS : 

(Dollars  i n  Thousands) 
1970 -- 1969 -- 1968 

Authorized permanent p o s i t i o n s ,  
end of year . . . . . . . . . . . . . . . . . . .  3,822 4,243 4,412 

Research and Program :hnagernent. $68,305 $73,490 $79,024 
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RESEARCH AND PROCRAFf YANAGEqNT 

FISCAL YEAR 1970 ESTIFIATES 

WALLOPS STATION _- -- - -l_--l- 

WallOp!i S t a t i o n  i s  p r imar i lv  a launch and ae ronau t i ca l  t e s t  f a c i l i t - r  
comnletelv owned and operated by SASA €or  the  purpose of conductiny 
sc i en t i f i c -  exiwrlments. Fesearcti a t  l J a l lops  i s  devoted t o  ga ther ing  i i ifor- 
mation about t h e  e a r t h ' s  atmospliere and j t s  ncar-space environment , antl t o  
the  f i e l d  of a2ronaut ics .  

The rocket-  boirne experiments flown from t h e  Wallops I s land  Ranp,e arc! 
conceived, antl f o r  t h e  most p a r t  desiqned and b u i l t ,  by s c i e n t i s t s ,  and 
etiy,ineers i n  t'ie l a b o r a t o r i e s  and research  c e n t e r s  of PUASA, o t h e r  Govemment 
agencies ,  co1:Leges and u n i v e r s i t i e s ,  and the  worldwide s c i e n t i f i c  commiinity. 

In add i t i o n  t o  support ing the  rocket-propel led experiments,  Wallops uses  
i t s  f a c i l  itic:; f o r  many o t h e r  research  p r o j e c t s ,  such a s  space coniponellt 
tests uti.Lizin7 h e l i c o p t e r  o r  a i r c r a f t  d rops ;  slow speed landing  techn.i.ques 
f o r  j e t  a i r c r a E t  ; ant i - sk id  tes ts  on grooved runways; no i se  abatement;  and 
laser and r ada r  lrracking of a i r c r a f t  and sa te l l i t es .  A s i z e a b l e  po r t ion  of 
Wallops e f f o r t  is  devoted t o  NASA's program of i n t e r n a t i o n a l  coopera t ion  i n  
space research .  ?lore than 50 c o u n t r i e s  have s e n t  r e p r e s e n t a t i v e s  t o  o1)serve 
opera t  ion:: and procedures.  'IJallops has a s s i s t e d  1 7  of t hese  c o u n t r i e s  with 
t r a i n i n g  of personnel ,  a c t i v a t i o n  of t h e i r  launch si tes,  o r  1auncVing 1':heir 
experimenrs. Another important element of t h e  Wallops r e sea rch  program is  
the  four-s tage Scout v e h i c l e ,  capable  of performjng a v a r i e t v  of missions,  
includinp t h e  launching of small  s a t e l l  i t e s ,  high a l t i t u d e  probes,  and 
atmospher ic  r w n t r v  tests. Wallops' z i s s i o n  a1 so inc ludes  management of 
seve ra l  >!,SA !;?onsored p r o j e c t s ,  such as t he  n r h i t i n g  Frog O t o l i t h  (OFO) 
p ro j ec t :  the E ~ p e r i m e n t a l  Inter-American I f e t eo ro log ica l  Rocket Nctimrk 
(EYAVETMFT) ; ii Eio-Space Technology Tra in ing  Program f o r  b i o s c i e n t i s t s  , and 
implement6atioii 0'' remote s i t e  lnunchinp and t r ack ing  f a c i l i t i e s ,  inclucling 
a mohile ranr!c f e c i l i t v  t r anspor t ab le  anywhere, and an Arc t i c  launrh si-te a t  
Point Barrow. .2laska. 

Vnllops per;onnel p a r t i c i p a t e  i n  these  t a s k s  and rwrform those cngiiieering 
func t ions  necc?;sary t o  d e s i p  and e s t a b l i s h  ground f a c i l  i t i c s  and insti-umen- 
t a t i o n  sv:;ten:; compatible w i t h  test reouirements.  Mowever, the  pr imar:r 
mission of Wal Lops S t a t i o n  i s  t o  prepare ,  assemble,  and launch exrerimcmtal 
p a v l o a d s ,  pos:; :ion them c o r r e c t l y  i n  space a t  t he  r i o h t  v e l o c i t v :  tracl:  
them : and acqii i r e  meaningful da t a .  

Tn the  c a r l - . ~  yea r s ,  r e sea rch  a t  Kallops was concentrated on ohtainirig 
aerodynamic daira  a t  t ransonic  and  low supersonic  s p e e d s ,  3 s  p a r t  of tht! 
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e f f o r t  t o  pene t r a t e  t h e  sound b a r r i e r  of f l i g h t .  Today, t h e  f a c i l i t y  is 
obta in ing  s c i e n t i f i c  d a t a  about t h e  atmosphere and the  space environment 
u t i l i z i n g  launch v e h i c l e s  ranging i n  s i z e  from t h e  s m a l l  Arcas and Hasp 
meteorological  rocke t s  t o  t h e  72-foot Scout wi th  o r b i t a l  c a p a b i l i t y .  Twelve 
satel l i tes  have been launched t o  d a t e .  Since i t s  or iRin  i n  1945, Wallops has  
launched more t h a t  7,000 r e sea rch  v e h i c l e s  c o n s i s t i n g  of from one t o  seven 
s t a g e s  i n  t h e  ques t  f o r  s c i e n t f f i c  Enowledae. 

Wallops S t a t i o n ' s  ach ievenents  dur ing  3968 inc lude :  t he  launching of 451 
sounding rocketq ,  1 s a t e l l i t e ,  2 r e e n t r y  measurements, and 165 test rocke t s ;  
conducting t h e  f o u r t h  annual Bio-Space Technology Traininy: Program; and 
launching t h e  second and t h i r d  i n  a series of four  Gravi ty  Preference 
experiments. Scout v e h i c l e  launches included t h e  Explorer XXY?II s a t e l l i t e ,  
Reentrv F and PAW C-R. Seventv fo re ign  n a t i o n a l s  r ep resen t ing  1 5  cot intr ies  
v i s i t e d  the  i n s t a l l a t i o n  t o  observe i t s  ope ra t ions  o r  seek a s s i s t a n c e  i n  
e s t a b l i s h i n e  a sounding rocket  f a c i l i t y  of t h e i r  own. The p r e l i n i n a r v  des ign  
phase of t h e  OF0 p r o j e c t  h a s  hcen comnleted. This p r o j e c t  w i l l  provide d a t a  
on f r o g ' s  balance mechanism under weiRhtlessness  and repeated a c c e l e r a t i o n  
while  i n  o r b i t .  Several  a e r o n a u t i c a l  p r o j e c t s  w r e  e i t h e r  i n i t i a t e d  o r  
cont inued,  such as  t h e  an t i - sk id  tests on grooved runwavs, no i se  abatement, 
t he  Gemini V/STOL tes ts ,  and t h e  pa rag l ide r  tests.  A new Federa l  Job Infor -  
mation Center was opened t o  provide s e r v i c e  f o r  r e s i d e n t s  of V i r g i n i a ' s  
Eastern Shore who are r a t h e r  i s o l a t e d  from areas where j o b s  are more p l e n t i f u l .  

Wallops S t a t i o n  inc ludes  t h r e e  sepa ra t e  areas on t h e  A t l a n t i c  coas t  of 
V i r g i n i a ' s  e a s t e r n  shore :  t h e  main base (formerly Chincoteaque Naval Air 
S t a t i o n ) ,  t h e  Wallops I s l and  launchin? Ti t e  and the  Wallops mainland. The 
admin i s t r a t ive  o f f i c e s ,  t h e  range c o n t r o l  c e n t e r ,  support  shops and t h e  main 
te lemetry hu i ld ings  a r e  loca ted  on the  main base.  Wallops I s land  i s  about 
seven m i l e s  sou theas t  of t h e  main base ;Ind i s  connected t o  t h e  mainland 1~ 
a causevav and br idge .  The i s l a n d  i s  ahout f i v e  mile.:  lo^^ and i t s  viclcst 
poin t  i s  only one-half m i l e .  Located on the  i s land  are  rocke t  s t o r q e  
bui ldinEs,  blockhouses. assemblv shops and t h e  launch s i  tcs  . The Wall ops 
mainland i s  a one-half m i l e  s t r i p  vest of t h e  i s l and  and houses the  r ada r  
and op t i ca l  t r a c k i n c  s i tes .  An addi t ional .  Wallops holding i s  thc  E a s t v i l l e  
t racking  s i t e  loca ted  aboiit 50 miles south of Wallops S t a t i o n .  

Wallons S t a t i o n ,  t o t a l i n g  6 ,561  a c r e s ,  c o n s i s t s  of 2,313 a c r e s  on the  m a i n  
base.  3,000 a c r e s  on G!allops I s l a n d ,  108 ac res  on t h e  mainland t r ack ing  si te,  
and 1,140 a c r e s  of unusuahlc marsh land.  
of an a d d i t i o n a l  53 acres of government-oiLmed pronertv.  The t o t a l  c a p i t a l  
investment as of June 30, 1968, inc luding  o f f - s i t e  holdings was SlP3,388,000. 

The E a s t v i l l c  t r ack ing  s i t e  c o n s i s t s  
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(Dollars in Thousands) 
- 1968 ----- --- 1969 1970 

Authorized permanent positions, 
end of year................... 494 488 488 

Research and Program Management. $8,768 $9,020 $9,029 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1970 ESTIMATES 

AMES RESEARCH CENTER 

MISS ION : 

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 t o  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 biological 
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 perforinance 
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 atmosp'heres. 
Through this effort, significant contributions have been made to the Idesign 
of the Mercury, Gemini, and Apollo spacecraft, the design of Mar!; and Venus 
entry vehicles, and the design of ballistic missiles. 

The work in guidance and control systems is broad in nature arid is appli- 
cable to manned and unmanned spacecraft, as well as aircraft. Current 
emphasis in guildance systems is directed mainly at current and follow-on 
manned missions. This includes an intensive theoretical and experimental 
effort i n  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-of f (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 fliRht 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 experfments 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 geophysjcal 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) 
1969 1970 - --.- 1968 

-IC- 

Authorized permanent positions, 
end of year......................... 2,083 1,974 1,956 

Research and Program Management ....... $33,781 $34,036 $34,050 
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RESEARCH AND PROGM? ?fANAGF?lENT 

FISCAL YEAR 1970 ESTTYATES 

The mission of t h e  F lec t ron ic s  Research Center i s  t o  inc rease  Ishe n ? t i o n ' s  
c a p a b i l i t y  i n  space by providing the  knowledge and advanced technology needed 
t o  improve per formaxice and r e l i a b i l i t v  of space and ae ronau t i ca l  e l e c t r o n i c  
systems and components. The Center meets t h i s  r e s p n n s i b i l i t v  i n  two p r i n c i p a l  
ways : 

F i r s t ,  t h e  C e n t e r  o rganizes ,  manages, and conducts a comprehensive twogram 
of bas i c  and appl ied  aerospace e l e c t r o n i c s  research  t o :  (a )  invc?st igate  
concepts and techniaues t h a t  w i l l  provide t h e  technologica l  foundat ion f o r  
t he  development of e l e c t r o n i c  equipment of reduced weight,  s i z e ,  power d r a i n ,  
and complexity,  a b l e  t o  ope ra t e  f o r  long per iods  of t i m e  i n  t he  temperatures ,  
r a d i a t i o n ,  vacuum, and o t h e r  condi t ions  of aerospace f l i g h t  environment; (b) 
i n v e s t i p a t e  concepts  and techniques,  e s t a b l i s h  performance c h a r a c t e r i s t i c s ,  
tes t  procedures,  and s p e c i f i c a t i o n s  f o r  aerospace e l e c t r o n i c  comnonent; and 
techniques t h a t  w i l l  make aerospace e l e c t r o n i c s  equipment inhe ren t ly  more 
r e l j a b l e ;  and (c )  devise  new e l e c t r o n i c  concepts  and technivues and prove 
t h e i r  f e a s i b i l i t v  both a n a l y t i c a l l y  and experimental ly ,  l ead ing  t o  aerospace 
e l e c t r o n i c  equinment wi th  performance c h a r a c t e r i s t i c s  f a r  bevond those of today. 

Second, t he  Center provides  a f o c a l  po in t  f o r  n a t i o n a l  aerospace e l c c t r o n i c s  
research ,  coord ina t ing  nationwide research  e f f o r t s  and sponsorinz e l e c t r o n i c s  
research  conducted bv indus t rv ,  u n i v e r s i t i e s ,  and p r i v a t e  in s t i t u t : i ons .  I n  
t h i s  capac i ty ,  t he  Center:  (a )  responds t o  the  needs of s p e c i f i c  aer(3space 
programs and p r o j e c t s  f o r  new e l e c t r o n i c  techniques,  concents ,  and devices ,  
and he lps  shape f u t u r e  e l e c t r o n i c s  research  t o  r e so lve  a n t i c i p a t e d  problems 
i n  these  programs; (b)  d i s t r i b u t e s  knowledge about b a s i c  and apr13.ied iresearch 
on aerospace e l e c t r o n i c s  wi th in  NASA and a l s o  t o  indus t ry ,  u n i v e r s i t i e s ,  and 
o the r  members of t h e  s c i e n t i f i c  and engineer ing communitv: and (c:i provides  
t o  NASA programs and p r o j e c t s  aerosnace e l e c t r o n i c  s c i e n t i s t s  and enp,iiieers 
who are f u l l y  knowledgeable i n  the  e l e c t r o n i c s  s t a t e -o f - the -a r t .  

E lec t ron ic s  research  being managed and conducted bv the  Center duriiig FY 
1969 and F'Y 1970 is  l a r g e l y  cont rac ted  with indus t ry  and u n i v e r s i t i e s  #ind i s  
focused i n  t h e  fol lowing areas: 

1. Aerospace e l e c t r o n i c s  materials and components. 

2. Guidance and navigat ion of space v e h i c l e s ,  a i r c r a f t ,  and the su1)porting 
ground based equipment. 

3. Space veh ic l e  and a i r c r a f t  c o n t r o l ,  s t a b i l i z a t i o n  and infoxmaticm 
systems. 
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4 .  Elec t ron ic s  system s imula t ion ,  a n a l v s i s .  eva lua t ion ,  and i n t e q n t i o n  
i n  t h e  f i e l d s  of  w i d a n c e ,  c o n t r o l ,  naviEati.on, t r ack ing ,  communication 
and ins t rumenta t ion .  

5. E l e c t r i c a l  and e l e c t r o n i c  power condi t ion ing  and d i s t r i b u t i o n .  

6.  Bioelec t ronics .  

7. Space and ground based computers, computing systems, and ins t rumenta t ion  
technology. 

8. Sol id  s t a t e  physfcs ,  microvave nropsgn t i o n ,  microwave communications, 
and t r a n s m i t t i n g  and r ece iv ing  phenomena. 

9. Op t i ca l  communications. 

10. Astrophysical  mensuren!ents. 

An in-house r e sea rch  c f f o r t  is  bein% conducted hv the Center s t a f f  on those 
t a sks  o f f e r i n g  g r e a t  promise f o r  aerospace e1ectroni.c.s technology and on those 
problems r e q u i r i n g  f i r s t -hand  exnericnce on t he  p a r t  of t h e  Center personnel i n  
order  t o  c o n t r a c t ,  moni-tor, and eva lua te  related research  wi th  indus t ry  and 
u n i v e r s i t i e s .  

The F lec t ron ic s  Pesearch Center i s  being constructed on a t r a c t  i n  t h e  
Kendall Square area of Camhridye, Yass. The s i t e ,  one and n half mi les  west 
of t he  cen te r  of Eoston, Vassachuse t t s ,  i s  immediately nor th  of thc “‘assachu- 
s c t t s  T n s t i t u t e  of Technologv and one and a half miles  from Hgrvard Universi ty .  
The t r a c t  is  bounded on the  no r th  hv Rinney S t r e e t ,  on the. soutli by l3roadvay, 
on the  east bv Third S t r e e t ,  and on t he  west bv the Penn-Central Rai l road.  
The t o t a l  a r ea  t o  be occupied a t  t h e  Kendall Square s i t e  i n  CambridEe i s  2 4 . 3  
a c r e s ,  of which 3.8 a c r e s  have been xqliirer!. The t o t a l  c a p i t a l  investment 
a s  of June 30, 1068, was S20,157,000. 

Authorized permanent p o s i t i o n s ,  
7 9r4 

Research and Program ’Ianagement . SI 5,352 
end of yea r . . . . . . .  ............ 

(Dol la rs  i n  Thousands) 
___- 1969 -- !L7!?- 

844 900 
$17,237 sia ,566  
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1970 ESTIMATES 

FLIGHT RESEARCH CENTER 
_-I___----- 

NISSION : -- 
The F l i g h t  Research Center ,  e s t ab l i shed  i n  1947, conducts ae ronau t i ca l  and 

space research  .within and ou t s ide  t h e  atmosphere. 
on problems of take-of f , l anding ,  low-speed f l i g h t s ,  supersonic  and hvpersoni't: 
f l i g h t ,  and re-entry t o  v e r i f y  pred ic ted  c h a r a c t e r i s t i c s  and t o  i d e n t i f y  un- 
expected problems i n  a c t u a l  f l i g h t .  

The work inc ludes  izffort  

The c u r r e n t  and pro jec ted  programs a t  t h i s  Center inc lude :  a e r o n a u t i c a l  
p r o j e c t s  concerning genera l  a v i a t i o n  and subsonic and supersonic  t r anspor t  
r e sea rch ;  space v e h i c l e  systems p r o j e c t s  i n  which t h e  f l i g h t  behavior of ad- 
vanced re-entry v e h i c l e s  including M2-F2, HI,-10, and X-24A heavv wejght 
l i f t i n g  bodies  is  s tud ied ;  and e l e c t r o n i c  systems p r o j e c t s  such as d i sp lay ,  
guidance, and c o n t r o l  i n  advanced f l i g h t  missions and improvements on systems 
and sensors  used i n  biomedical monitoring, t r ack ing ,  and d a t a  acc1iiisii:ion. 

Most important of t h e  f a c i l i t i e s  and s p e c i a l  equipment f o r  conducting pro- 
grams a t  t he  F l i s h t  Research Center are the  a i r c r a f t .  They range fro7.n genera l  
a v i a t i o n  a i r c r a f t  €o r  handling q u a l i t i e s  i n v e s t i g a t i o n s  t o  supersonic  a i r -  
c r a f t  used f o r  var ious  research  i n v e s t i g a t i o n s  having a p p l i c a t i o n  t o  Ihoth c i v i l  
and m i l i t a r y  a v i a t i o n .  Spec ia l  purpose v e h i c l e s  such as l i f t i n g  hodii?s, 
v a r i a b l e  s t a b i l i t y  a i r c r a f t ,  o r  a i rbo rne  s imula tors  are  con t r ac to r  procured or 
developed in-house. Spec ia l ized  l abora to ry  f a c i l i t f e s  are  a v a i l a b l e  to 
complement t h e  f l i g h t  a c t i v i t i e s  w i th  proper prel iminary r e sea rch  and t e s t i n g .  
Simulation ecquipment is  used t o  guide and assist i n  the  performance oE pro- 
duc t ive  f l i g h t  a c t i v i t i e s .  A two-station r ada r  f o r  t r ack ing  and d a t a  
a c q u i s i t i o n  Is operated t o  support  t h e  f l i g h t  a c t i v i t y .  

-. DESCRIPTION: .- 

The F l i g h t  Research Center ,  Edwards, C a l i f o r n i a ,  is 65 a i r  m i l . e s  no r theas t  
of Los Angeles. The Center is  loca ted  a t  t h e  n o r t h  end of Edwards Air Force 
Base on 218 .acres of land used under a permit from t h e  Department: of [:he A i r  
Force. 
Center i s  ad jacen t  t o  Rogers Dry Lake, a 55-square-mile area wi th  a c1,mplex 
of runways varying i n  l eng th  from 5 t o  11 miles. 

U t i l i t i l e s  are provided by t h e  A i r  Force on a reirnbursablc b a s i s .  The 

The phys ica l  p l a n t  c o n s i s t s  of an off i ce- labora tory  bu i ld ing  crith id jo in ing  
shops, a f l i q h t  majntenance hangar and a c a l i b r a t i o n  hangar,  and a hiqh tempera- 
t u r e  loads  c a l i b r a t i o n s  f a c i l i t y .  Auxi l ia ry  bu i ld ings  inc lude  wzirehoiises, 
an  a u x i l i a r y  power systems bu i ld ing ,  and a communications bui ld ing .  rhe main 
s t a t i o n  of t he  two-station r ada r  range operated bv t h e  Center i s  locaited on 
t h e  t h i r d  f l o o r  of t h e  Off ice- laboratory bui ld ing .  The t o t a l  c a p i t a l  inves t -  
ment of t h e  F l igh t  Research Center , inc luding  work i n  progress  arid con t r ac to r -  . .  

held f a c i l i t i e s ,  as  of June 30, 1968, is $42,819,000. 
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(Dollars  in Thousands) 
1970 -- 1968 -- 1969- _--- 

Authorized permanent posit ions, 

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



RESEARCH AND PROGRAY MANAGEMENT 

FISCAL YEAR 1970 ESTIMATES 

LANGLEY RESEARCH CENTER -- .___ -II --- ---- 

EIISSION: __- - 

The mission of t h e  Langley Research Center is  t o  provide t h e  advaiiced 
technology necessary f o r  t h e  development of c i v i l  and m i l i t a r y  a i r c r , i f t  
having improved performance, u t i l i t y  and s a f e t y ,  and f o r  t h e  fur ther , ince of 
space f Light programs. 

The Center '  :j a e r o n a u t i c a l  r e sea rch  program is  d i r e c t e d  toward gencbral 
a v i a t i o n ,  V/STOL, subsonic j e t  t r a n s p o r t s ,  supersonic  and hypersonic a i rcraf t  
and uses  both ground based and f l i g h t  techniques.  I n  high speed aerodynamics 
r e sea rch  major emphasis is  given t o  gene ra t ing ,  developing and r e f i n i n g  a i r -  
c r a f t  conf il:i,rrations which maximize f l i g h t  e f f i c i e n c y  a t  a l l  operatirig speed:;. 
The supe rc r iL ica1  wing f o r  subsonic a i r c r a f t ,  and t h e  f i x e d  and va r i i t b l e  plan- 
form wings f o r  supersonic f l i g h t  r ep resen t  major e f f o r t s  i n  t h i s  areit. I n  
the fie.Ld of hypersonic r e sea rch ,  work on v e h i c l e  c o n f i g u r a t i o n s ,  e f j ' i c i e n t  
i n t e g r a t i o n  of advanced propuls ion systems and demonstration of t h e  
technologv f o r  p r a c t i c a l  hypersonic ramjet a i r c r a f t  propuls ion systems is 
progressing. Current r e sea rch  on a i r c r a f t  no i se  a l l e v i a t i o n  include:; s tudying 
i n  d e t a i l  t h e  b a s i c  n a t u r e  of propuls ion system sound generat ion and Dropa- 
ga t ion ,  operatfLng procedures,  and t h e  e f f e c t s  of n o i s e  on man: and dfveloping 
a i r c ra f t  conEieuration f e a t u r e s  t o  minimize s o n i c  boom effects .  

A su1)stanr:ial po r t ion  of t h e  Cen te r ' s  s k i l l s  and r e sources  i s  devclted t o  
advancing na1:ic)nal space f l i g h t  programs. Vigorous r e s e a r c h  is  undei way t o  
expose new o p p o r t u n i t i e s  f o r  important p rogres s  i n  understanding and using t h e  
space environment; t o  evolve systems and operatin!: concepts  €or  achieving 
advanced space mission c a p a h i l i t i e s  ; and t o  assess the  ef  f e c t i v e n c s s .  tech- 
n i c a l  fc!asih:ilj.ty, and resource reauirements of a l t e r n a t e  approaches. Research 
is  also under tray t o  develop advanced des ign ,  c o n s t r u c t i o n ,  and ope ra t ions  
technology f o r  t he  optimum d e f i n i t i o n  and successful  achievement of n a t i o n a l  
space €1-ipht. goals .  Langley manages and supports  a number of t h e s e  space 
f l i g h t  p r o j e c t s .  

The r e spor i s ih i l i t y  for managing t h e  1973 Mars mission (Viking),  a major 
national. space e f f o r t ,  has been assigned t o  t h e  Center.  The o b j e c t i v e s  are 
t o  o b t a i n  sc:j.enttific d a t a  inc reas ing  our  knowledge of both t h e  Xars 
atmosphere arid su r face  by means of an o r b i t e r  and s u r f a c e  l ande r .  P a r t i c u l a r  
emphasis will. he placed on ob ta in ing  information r e l e v a n t  t o  l i f e  on t h e  
p l ane t  and t h e  c a p a b i l i t y  of t he  environment t o  support  l i f e .  

The I.anglr!y Research Center has developed r e s e a r c h  teams i n  t h e  t e c h n i c a l  
areas of : aerodynamics, s t a b i  l i t v  and c o n t r o l ,  a i rwort l i jness  , f l u i d  phys ic s ,  
f l i g h t  envircinments. v e h i c l e  loading,  s t r u c t u r e s  and s t r u c t u r a l  ~dvnanics,  
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materials, enerzy conversion, navigation and control: communications, data 
sensin? and handling, operational problems, crew performance and vehicular 
accommodations, life support, systems integration, flight oFerations, and 
air-breathinE propulsion. 

To support an effective attack on crucial fliEht nroblems. the Center's 
staff has developed and utilizes a uniqiic comnlex of voverful research tools 
and techniques. These include a wide arrw of wind tunnel (continuous and 
intermittent) facilities for investigations of fluid flow phcnomena and 
confipuration characteristics: cnvironmentnl test facilities for preflisht 
determination of the reaction of flight svstcms and materials; flioht 
simulators for the optimization of vehicle dcsion renuirements. and of 
operational techniques for comnlex manncd missions invnlvinr: navination, 
rendezvous and dual vehicle maneuverin?, extraterrestrial landin?..; and 
surface operations- snecialized lahoratories €or the developnent and evalua- 
tion of advanced life support systems, Kuidance and control components, pro- 
pulsion and energv conversion devices, structures and materials, data sensors 
and processing eauinnent, and communications elements for future flipht 
applications: and nmm-ful analytical comnuting capabilities. For cxplora- 
tion and defjuition of an actual flight onvironment, Lanyley has pionccrcd in 
flipht research using drop-test and free-flight m o d e l s ,  rockct-pronelled 
flight svstenq, satellites, and other space vehicles. 

The 1,anglev Pesearch Center, Hampton, Virginia, is located approximately 
100 a i r  miles south of Washington, D.C. The Centcr occupies 773 acres of 
Government-owned ].and, divided into tvo arcas hv the runmy facilities of 
1,anglev Air Force Ease. 
NASA and 320 under nermit from tlie Air Force. The Fast Area comprises 23 
acres under Air Force permit. Punilavs, some utilities. and certain other 
facilities are used jointlv by XASA and the Air Force. In addition, there 
are 110 acres of XASA-mmed land located in the City of NciTort News, Virginia, 
3,277 acres under permit from other Government agencies. and 0 acres under 
lease. The total acreage presently owned. under permit or leased, is 4 ,169 .  
The total capital investment includins fixed assets in nrogress. and contractor- 
held facilities at various locations. as of .June 30, 196S, was $358,605,000. 

The West Area consists of 750 acrcs, 430 owned bv 

(Dollars in Thousands) 
1970 .- -.- 1969 --..- 1.968 _._I.- 

Authorized permanent positions. 
end of year................... 4,037 3,885 3,84? 

Research and Program Yanagement. $62,213 $62,947 $63,305 
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RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1970 ESTIMATES 

LEWIS RESEARCH CENTER 

MISS ION : -- __. 

The Lewis Research Center ' s  p r i n c i p a l  mission is r e sea rch  and development 
i n  the  a r e a s  of a i r c r a f t  and spacec ra f t  propuls ion,  and power gene ra t ion '  
systems for spacecraf t .  

The Center ' s  emphasis is predominantly research;  however, t h e  e n t i r e  
spectrum of a c t i v i t i e s  is undertaken going from basic r e sea rch  t o  appl ied  
research to development. 
components through complete systems. 

The scope of research  ranges from work on individual.  

Most of t h e  c r i t i ca l  a r e a s  which l i m i t  t h e  performance of engines  ,and power 
Research systems are the  sub jec t s  of in-house research  e f f o r t  a t  t h i s  Center.  

by conanercial and un ive r s i ty  l a b o r a t o r i e s  is a l s o  conducted under c o n t r a c t s  
d i r ec t ed  by Lewis Research Center personnel.  

Several  l a r g e  launch veh ic l e  and power genera t ion  development programs are 
assigned here.  The Centaur, A t l a s ,  and Agena launch v e h i c l e  programs are 
under t h i s  Center ' s  superv is ion  and t e n t a t i v e  p lans  are underway for lhandling 
t h e  T i t an  vehic le .  The SNAP-8 nuclear  powered electric genera t ing  system and 
SERT (Space Elelctric Rocket T e s t )  c o n t r a c t s  are d i r e c t e d ,  and t h e r e  iis a l s o  
cons iderable  support ing in-house r e sea rch  e f f o r t  on these  p r o j e c t s .  Mew 
p r o j e c t s  in t h e i r  e a r l y  phases inc lude  the  development of a Quiet: Englne 
(turbo-fan jet) and improved hydrogen-oxygen burning rocket  engines.  

Our research  and development a c t i v i t i e s  cover many t e c h n i c a l  field:i,. Sore 
examples of major a c t i v i t y  are discussed i n  t h e  fol lowing paragraphs: 

It is expected t h a t  engines for f u t u r e  supersonic  p lanes  w i l l  be olE a 
turbo-fan design incorpora t ing  high bypass r a t i o s ,  high compressor prliswure 
r a t i o s  and high tu rb ine  I n l e t  temperatures.  A l a r g e  p a r t  of t h e  reserarch 
e f f o r t  at  Lewis  is aimed d i r e c t l y  a t  so lv ing  t h e  problems t h a t  l i m i t  I:he 
development of engines for supersonic  f l i g h t .  Among these  reseaxch e:IEforts 
are: s l o t t e d  compressor b lades  t o  inc rease  pressure  r a t i o  per  s t a g e ,  cooled 
tu rb ine  b lades ,  high speed bear ings ,  a i r  i n l e t s ,  exhaust nozs lea ,  cmltnastor 
configurat ion 's ,  h igher  energy f u e l s ,  and f u e l  tank f i r e  hazard ev~a1~ai1:lons. 
A l a r g e  add i t ion  to the  Propuls ion Systems Laboratory is being b u i l t  
f u l l  sca:Le engines f o r  supersonic  a i r p l a n e s .  

t o  test 

The problans of t he  Supersonic Combustion Ramjet engine f o r  hypersamic 
f l i g h t  speed8 up t o  Mach 7 are being s tudied  i n  e x i s t i n g  f a c i l i t f e s ,  and 
cons t ruc t ion  of a new f a c i l i t y  is underway a t  Plum Brook t o  exteaid tht,! e f f o r t  
t o  engines of p r a c t i c a l  s i z e .  
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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 t!ie 8--by--6-Foot Supersonic Wind Tunnel. 

Contributions to rocket technologv 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 Xodule vehicles were studied and their designs were based on data 
obtained in the Lewis Zero Gravity facilities. Current research includes 
studies o f  in-orbit propellant transfer, propellant re-orientation and slosh 
dynamics. 

A full-scale Centaur vehicle will be installed 3n the Spacecraft Propulsion 
Pesearch Facilitv early in 1969. 
type tank pressurizing svstem replacing the current pump svstem for feeding 
the propellants to the engine. 

Thts vehicle will he equipped with a proto- 

Electric rockets €or deep space propulsion have benefited Rreatlv €rom the 
work in the Electric Propulsjon "esearch Building and the never Electric 
Propulsion Lahoratorv. These buildi.ngs 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 development. 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 is 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 
A 60-megawatt systems and nuclear rockets are conducted at Plum Brook. 

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 genera tor  and another  source  of  energy are more 
d i s t a n t  prospec ts .  A stream of ion ized  plasma flowing through a c o i l  r w i l l  

genera te  e l e c t r i c i t y  i n  t h a t  c o i l  (magnetohydrodynamics). The success  of 
t h i s  e f f o r t  and of r e l a t e d  a c t i v i t i e s  depends l a r g e l y  on t h e  deve:Lopment of 
superconducting e l ec t r i c  magnets. The L e w i s  Research Center has been ,a l e a d e r  
i n  t h i s  f i e l d ,  and has  cons t ruc ted  a magnet wi th  a f i e l d  of 140,000 gauss over  
a s ix- inch bore.  

The performance of propuls ion and power genera t ion  systems, launch 
veh ic l e s ,  s p a c e c r a f t ,  and p r a c t i c a l l y  a l l  hardware i s  paced by phys ica l  
l i m i t a t i o n s  of a v a i l a b l e  materials. The Center has  maintained a s u b s t a n t i a l  
materials research  e f f o r t  aimed a t  r a i s i n g  these  l i m i t a t i o n s  and improving 
component and s y s t e m  performance. Our a c t i v i t y  covers  the  e n t i r e  temperature 
range of m a t e r i a l s  usage going from t h e  cryogenic temperature of .Liquefied 
gases  t o  the  high temperatures encountered i n  t h e  rocke t  nozz les  of a i r c r a f t  
engine combustors and tu rb ine  wheels. 

The m a t e r i a l  research  inc ludes  both fundamental s t u d i e s  of what makes 
materials s t rong  o r  weak and t h e  development of new materials. "Super" a l l o y s ,  
corrosion r e s i s t a n t  coa t ings ,  u l t r a  pure tungs ten ,  and composites made of 
metal whiskers,  f i b e r s ,  o r  s i n t e r e d  granules  are among the  many products  
i nves t iga t ed .  

DESCRIPTION: --.-- 

The L e w i s  F.esearch Center occupies  two sites i n  no r th  c e n t r a l  Ohio. The 
o lde r  one w a s  e s t ab l i shed  i n  1941 on 200 acres ad jacent  t o  t h e  Cleveland 
Phnicipal  Ai rpor t .  The o r i g i n a l  area has been expanded t o  364 a c r e s ,  of 
which 15  are leased  from Cleveland f o r  use as a parking l o t .  Funds f o r  t h e  
purchase of t l lese 15 acres have been appropr ia ted .  Here t h e r e  are over 30 
bu i ld ings ,  inc luding  two l a r g e  supersonic  wind tunne l s ,  two zero-gravi ty  
research  f a c i l i t i e s  (free-drop s h a f t s ,  one of which i s  an underground 
evacuated s l iaf t  477 f e e t  deep i n  which zero g r a v i t y  du ra t ions  of about 10 
seconds are oh ta ined ) ,  a l a r g e  Propuls ion Systems Laboratory i n  whi.ch f u l l -  
scale engines a re  operated under s imulated high a l t i t u d e  cond i t ions ,  t h r e e  
rocket labora t.or ies,  t h r e e  materials research  bu i ld ings ,  e ighteen  m a j o r  space 
s imula t ion  f a c i l i t i e s  ranging from four  t o  t h i r t y  f e e t  i n  diameter ,  a 50-foot 
diameter Spacc! Power Chamber 1 2 0  f e e t  long i n  which a l t i t u d e s  up t o  I C i @ , O O O  
f e e t  are s imula ted ,  an Energy Conversion Laboratory,  an Instrument Research 
Laboratoxy , a High Energy Fuels Laboratory,  a Chemistry Laboratory,  a n  Engine 
Research Building conta in ing  64 test cel ls  and covering nea r ly  four acres ,  
four  o f f i c e  Lui ld ings ,  machine shops and o t h e r  service bui ld ings .  

A newer s i t e ,  cs tab l i s l ied  i n  195G, is loca ted  south  of Sanduslcy, Ollio, 
about 50 mi l e s  west of Cleveland on land formerly occupied by t h e  Plum Brook 
Ordnance Works. Known as the  Plum Brook S t a t i o n ,  i t  occupies  5 ,981 acres 
owned by the  Government. Funds f o r  t h e  purchase of a d d i t i o n a l  land t o  se rve  
as a bu f fe r  zmne around the  present  s i t e  have been appropr ia ted .  There are 
over 200 buildirlgs on t h i s  s i t e ,  55 b u i l t  by t h e  NASA and t h e  rest by t h e  
former tenants .  The major f a c i l i t i e s  inc lude  a Reactor F a c i l i t y ,  an P J t i t u d e  
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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 REOUIREMENTS: 

(Dollars in Thousands) 
1969 1970 -- 1968- 

Authorized permanent positions, 
end of year......................... 4,452 4,235 4,195 

Research and Program Planagement.... ... $66,222 $67,845 $68,061 
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RESEARCH ANI) PROG??A?! >IANAC:EMENT 

FTSCAL YEAR 1170 ESTIVATES 

MISSION : -- 

The mission of t he  Space Nuclear Propulsion Of f i ce  is t o  provjde rocke t  
propulsion s v s t c m s  f o r  a p p l i c a t i o n  t o  advanced o r b i t a l ,  l una r  anc! plai ie tarv 
missions.  In t'w conduct of t h i s  r o l e ,  t h e  nrimary o b i e c t i v e  i? t h e  clevelop- 
ment of -I nucl e,ir engine (NERVA) through Pre-Flj  Eht-Rating-Tests (PFR':) havin;:; 
a s p e c i f i c  impulse of arproximately 825 seconds and a t h r u s t  of cpnro:rimatclv 
75,000 pound,; (1-quivnlent t o  a r e a c t o r  poi'er of about 1 ,500 mc_yJ,awitts 1 .  

Tn a d d i t i n n  to  NFPVA develorment, wor!: i nc ludes  e f f o r t  t o  advznce .:he tech- 
nologv of nucle,ir rockc t rv .  and i n  p a r t i c u l a r  s p e c i f i c  impulse,  d u r a t  on and 
r e a c t o r  recvc l i n g  capahj l i  t v .  Ff f o r t  i s  a1 so d i r e c t e d  toward thc devctlopnent 
of v e h i c l e  tc?chiiolop. r a d i a t i o n  e f f e c t s  s t u d i e s ,  and s t u d i e s  t o  enhaiice t h e  
r e l f a b i l i t y  of nuc lea r  rocket  components. 

The Nuclear Rocket nrogrnm i s  a j o i n t  Al?C-?IhSA undertaking. 'I'D enr:ure a n  
i n t e g r a t e d  pi-ogi-an, t h e  Space Nuclear Pronulsion Office, es tnh l  ishecl l w  a n  
interngencv azrt'cment between FASA and t h e  Atomic Energv Commissjon . riiannpes 
a l l  a s p e c t s  o E  the program. 

The Space \Juclenr Pronuls ion Of f i ce  c o n s i s t s  of a l leadquartcrs o f f -  c e  loca ted  
a t  (:ermanto~m, 'Iarvland, and t h r e e  f i e l d  ex tens ions  I ocatc4 i n  O h i o .  rlew :rexi c o ,  
and Xevatla. ,It t h e  IJevacla l o c a t i o n ,  t h e  Nuclear Rocket 1)eveloprient St  n t i o n  
(NRDS)  was esrablished t o  provide a s i t e  f o r  zround s t a t i c  t e s t i n g  of  t h e  
r e a c t o r s ,  c n r i n e s ,  and evcn tun l lv .  v e h i c l e s  a s s o c i a t e d  wi th  nuc lea r  rockct  
devcl opmm t . 

The Mricleair Kockct Dcvclopmrrt S t a t i o n  c o n s i y t s  of an  npyroximntcl\p 78,nn0-- 
a c r e  s i t e  ormr.d h v  t h e  Atomic h c r p  Commission, 3 F P r O X i I ~ i a t e 1 v  9cI p i l e  c; north-  
west of Idas ~ r ~ ~ v a s .  Yevadc?. The t o t a l  c n n i t a l  investment of >!ASJ- frindc(? 
f n c i l i t i t s .  ~.iicl.udin.2: f ixed  assc ts  i n  progrcs.: and con t r ac to r -  lu>!d f n c  ilities. 
as  n €  .Tunc 30.  1068 ,  is  $ 4 3 , 8 5 2 . 0 W .  

(1)ollars i n  Thousands) 
15 7 0  - -- 1363 

__I - - _. 1968 - -. 

Autliori.zet1 iwr'mancnt POS i t  i n n s ,  
end o f  ve:ir. ........................ 209 190 Q? 

Rcscarcli ?rid T'roprarn Rfanagentnt. .  . . . . . $2,r)22 '2,179 c;, ,000 
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RESEARCH AND PROGRAN MANAGEMENT 

FISCAL YEAR 1970 ESTIMATES 
c 

NASA HEADOUARTEDS ---.-- -___-- 

MISS T ON : _--_- 
The mission of t h e  Nat ional  Aeronautics and Space Administraticln He;tdquarteirs 

is t o  plan and p-rovide execut ive  d i r e c t i o n  f o r  t h e  programs au thor ized  by the  
Congress, and t o  implement the  na t iona l  o b j e c t i v e s  s t a t e d  i n  the  Efatioiial 
Aeronautics and Space Act of 1958, as amended. The p r i n c i p a l  s t a t u t o r y  func- 
t i o n s  are: 

1. To conduct research  i n t o ,  and f o r  t h e  s o l u t i o n  o f ,  problems of 
f l i g h t  wi th in  and o u t s i d e  the  e a r t h ' s  atmosphere and t o  deve'l-op, 
cons t r i ic t ,  t es t ,  and ope ra t e  ae ronau t i ca l  and space v e h i c l e s  
f o r  research purposes.  

2 .  To conduct a c t i v i t i e s  requi red  f o r  t h e  exp lo ra t ion  of space iTith 
manned and unmanned v e h i c l e s .  

3. To ar range  f o r  p a r t i c i p a t i o n  by t h e  s c i e n t i f i c  community i n  
planning s c i e n t i f i c  measurements and observa t ions  t o  be made 
through use of ae ronau t i ca l  and space v e h i c l e s ,  and conduct o r  
a r range  f o r  t he  conduct of such measurements and ohservation:; .  

4 .  To *prO\ri.de for t h e  widest  p r a c t i c a b l e  and appropr i a t e  d j  ssem ina- 
t i o n  O F  information concerning i t s  a c t i v i t i e s  and t h e  r e su l t : ;  
thereof .  

The following of f  i c e s  a t  Readquarters a s s i s t  mannRement i n  carrvinp, ou t  t h e  
t echn ica l  a spec t s  of t h i s  mission:  

Off ice  of 'Yanned Space - _ - _  FJjphJ - Responsible f o r  a l l  NASA a c t i v i t i e s  
d i r e c t l y  involvi3nq manned space f l i g h t  missions.  Programs inc lude  : 

Ap_o_l& - Tlo provide a broad n a t i o n a l  c a p a b i l i t v  f o r  manned space 
exp lo ra t ion ,  inc luding  e a r t h  o r b i t a l ,  l una r  o r b i t a l ,  and luriar 
su r f ace  oplerati.ons, and t o  achieve t h e  s p e c i f i c  o b j e c t i v e  of 
manned lunar  landinR and r e t u r n  wi th in  t h i s  decade: 

spacg-Fl ight  0peratLoA.s - To expand t h e  p a r t i c i p a t i o n  and capa- 
b i l i t i e s  of men i n  s c i e n t i f i c ,  t echnologica l  and appl ied  obser- 
v a t i o n s  i n  space through e a r t h  o r b i t a l  f l i g h t s  of incrensinf :  
du ra t ion  and complexitv,  i n i t i a l l v  using Saturn IU launch v e h i c l e s ,  
modifie'd Apollo spacec ra f t  , t he  Saturn I IJorkshop, and the  Apoll J 

Telescope Vount and progress ing  t o  an o r b i t a l  space s t a t i o n . .  

http://prO\ri.de


--- Advanced ---- - Missions --- --- - To plan a broad program of exp lo ra t ions  which 
w i l l  achieve and maintain a p o s i t i o n  of space l eade r sh ip  f o r  t he  
United S t a t e s .  

The Off ice  of Manned Space F l igh t  has launch r e s p o n s i b i l i t y  f o r  all major 
manned and unmanned missions u t i l i z i n c ,  t he  t h r e e  i n s t a l l a t i o n s  p r imar i ly  con- 
cerned with t h e  manned m a c e  f l i g h t  programs. These i n s t a l l a t i o n s  are:  the  
GeorRe C .  iqarshall  Space Flicrht Center.  includinq Y i s s i s s i p n i  T e s t  F a c i l i t y ,  
Nichoud Assemblv F a c i l i t y ,  and S l i d e l l  where a computer f a c i l i t v  is loca ted ;  
t he  ?fanned Spacecraf t  Center ,  inc luding  XASA a c t i v i t i e s  a t  the  White Sands T e s t  
F a c i l i t y :  and t h e  John F. Kennedv Space Center ,  EASA, inc luding  XASA a c t i v i t i e s  
a t  t h e  Eastern and Western T e s t  Ranges. 

- Offi-ce of Space Science _.- _ -  and _--- AEJj-cat-i?ns_ - Responsible f o r  the  NASA auto- 
mated space f l i g h t  program d i r e c t e d  toward s c i e n t i f i c  i n v e s t i g a t i o n s  of t he  
e a r t h ,  moon, sun,  p l a n e t s ,  and i n t e r p l a n e t a r v  space u t i l i z i n g  ground based, 
a i rbo rne ,  and space techniques such as sounding, r o c k e t s ,  e a r t h  sa te l l i t es ,  and 
deep space probes;  f o r  s c i e n t i F i c  experiments t o  be conducted by man i n  space 
and f o r  a s s i s t i n g  i n  t h e  s e l e c t i o n  and t r a i n i n g  of a s t ronau t  . s c i e n t i s t s ;  f o r  
t he  research  and development of space f l i g h t  a p p l i c a t i o n s  in such areas as  
meteorology, communications, nav iga t ion ,  geodesy, and e a r t h  resources  surveys,  
and f o r  t h e  support  of ope ra t iona l  systems using these  developments; and f o r  
the  development, procurement and u s e  of l i q h t  and medium class launch v e h i c l e s ,  
such as  Centaur. 

The Off icc  of Space Science and Anplicat ions has an o v e r a l l  i n s t i t u t i o n a l  
r e s p o n s i b i l i t y  f o r  thosc NASA i n s t a l l a t i o n s  nr imari  l v  involved i n  space sc ience  
and a p p l i c a t i o n s  programs. These are  t h e  Coddard Space P l i z h t  Ccntcr ,  Wallops 
S ta t fon .  t he  .Tet Pronuls ion 1,aboratorv (a Covernment--cnmed f a c i l  i t v  operated 
f o r  NASA bv the  C a l i f o r n i a  T n s t i t u t e  of  Technolngv), and the  NASA Pasadena 
Off ice ,  a component f i e l d  a c t i v i t v  of  Hcadquartcrs.  

_ - _ _  0 f f i_c_e_ 03- F3z-a-n c-e$- F-ege:?-r_rh :?nd- Tec-h-n-o l_o_lv - T: e s v o n s i b 1 e f n r the  p I a nn i n  , 
d i r e c t i o n ,  execut ion ,  eva lua t ion ,  documentation. apd  dissemi.nation o f  the  
r e su l t s  of a l l  XASA research  and technology programs which a m  conducterl 
p r imar i ly  t o  demonstrate the f e a s i b i l i t v  of a concepc, s t r u c t u r e ,  component. 
o r  svstem which mav have zencral  n p ~ l  i r a t i o n  t o  the  n a t i o n ' s  ae ronau t i ca l  
and space o b j e c t i v e s .  This o f f i c e  is a l s o  r c s w n s i b l e  f o r  coord ina t iqz  NP.SA's 
t o t a l  proRrarn of sunpor t ing  r e sea rch  and technoloEv r e l a t e d  t o  ca r ry inc  out  
the  spcc i f  i c f l i  pht m i  s s i o n s  i n  order  t o  avoid iinntcPssarv dupl i c a t  ion and 
t o  insure  nn in t eg ra t ed  and balanced agency rescnrch propram. 

In a d d i t i o n ,  t h i s  o f f i c e  has  ove r -a l l  i n s t i t u t i o n a l  r e s p o n s i b i l i t v  f o r  the 
research  c e n t e r s  p r i a a r i l v  involved i n  ca r rv inn  ou t  ?JIZSA's advanced research  
programs. These i n s t a l l a t i o n s  are:  t h c  Ames Research Center ,  t h e  E lec t ron ic s  
Research Center ,  t he  F l i g h t  Research Center.  t hc  Langlev Research Center ,  the  
Lewis Research Center ,  and t h e  Snnce Nuclear Proru ls ion  Off ice .  
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~ - - - -  Off ice  of Tracking and Data A c q u i s i t i E  - Responsible f o r  t h e  development, 
implementation, and ope ra t ion  of t r ack ing ,  d a t a  a c q u i s i t i o n ,  communications, 
and da ta  proc:czssing f a c i l i t i e s ,  systems, and s e r v i c e s  requi red  f o r  NASA f l i gh t .  
missions.. T h i s  o f f  i ce  is a l s o  respons ib le  f o r  agency-wide coord ina t ion  of the. 
management of automatic d a t a  processing systems and se rv ices .  In  add i t ion ,  
t h i s  o f f i c e  provides  f o r  c e n t r a l i z e d  planning and systems management f o r  t h e  
adminis t ra t ive  communications a t  NASA i n s t a l l a t i o n s .  

The NASA Pasadena Off ice  - Pasadena, C a l i f o r n i a ,  is  a component f i e l d  
a c t i v i t y  of t he  NASA Headquarters Off ice  of Space Science and Appl ica t ions .  
I ts  r e spons ib f - l i t i e s  are t o  n e g o t i a t e  and adminis te r  NASA c o n t r a c t s  t d  t h  t h e  
Ca l i fo rn ia  I n s t i t u t e  of Technology f o r  t h e  ope ra t ion  of t h e  Jet P r o p 1  s i o n  
Laboratory; pirovide patent and technology u t i l i z a t i o n  s e r v i c e s  a s  they re la te  
t o  p r ime  and sut icontracts  a t  t he  Jet Propuls ion Laboratory; and perform such 
add i t iona l  procurement, c o n t r a c t  admin i s t r a t ion ,  pub l i c  a f f a i r s ,  communicatioris, 
f i n a n c i a l  management, and o t h e r  func t ions  as may be assigned by the  Associate  
Administrator f a r  Space Scicnce and Applicat ions.  

DESCRIPTXS:  

The NASA Headquarters i s  loca ted  a t  400 Ifaryland Avenue, S.W., Wasliington, 
D.C., and a l s o  occupies  o t h e r  bu i ld ings  i n  the  Dis t r ic t  of Columbia arid near- 
by Virg in ia .  Except f o r  some o f f i c e  space leased  i n  the  Dis t r ic t  of Columbia 
and a s to rage  a r e a  i n  Vi rg in i a ,  personnel  occupy Government-owned bui ld ings .  
The NASA Pasadena Off ice  is  phys ica l ly  loca t ed  a t  t h e  J e t  Propuls ion 
Laboratory i n  Pasadena, Ca l i fo rn ia .  

SuMTfI\RY OF RE1;OURCES REQUIRENENTS -- : 
_I-1-- 

(Dollars  i n  Thousands) 
1 3 7 0  -- 1968 1 9 6 9  

Authorized Permanent P o s i t  i ons  , 
end of yea r . . , . . . . . . . . . . . . . . . .  2,154 2,152 2 , 1 3 2  

Research and Program IIanagement . $58,063 $59,799 $ 5 9 , 7 9 7  
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Ins t a l l a t ion  

John F . Kennedy Space Center. NASA ..... 
Manned Spacecraft Center ............... 
Marshall Space F l igh t  Center ........... 

Michoud Assembly F a c i l i t y  ............ 
Goddard Space F l igh t  Center ............ 
Wallops S ta t ion  ........................ 
Jet Propulsion Laboratory .............. 
Ames Research Center ................... 
Electronics  Research Center ............ 
F l i g h t  Research Center ................. 
Langley Research Center ................ 
Lewis Research Center .................. 
Space Nuclear Propulsion Off ice  ........ 
NASA Headquarters : 

Headquarters ......................... 
NASA Pasadena Office ................. 

Various Locations ...................... 
F a c i l i t y  Planning and Design ........... 

Total  Budget Plan .................... 

NATIONAL AERONAUTICS AND SPACE AIMINISTRATION 

FISCAL Y M K  1970 ESTIMATES ..................... arrrrxr ................... 
( In  mil l ions of dol lars)  

Research and DeveloDment 
1969 1968 

374.1 388.2 344.9 
1,231.1 1,088.5 942.6 
1,169.8 682.2 706.1 

1970 . . . 

435.0 416.4 462.4 
7.4 8.3 7.4 

196.0 133.9 157.4 

66.0 53.6 67.8 
26.8 24.1 25.5 
23.5 18.9 13.3 
84.0 74.6 103.6 

134.9 119.0 137.4 
50.4 30.1 32.8 

160.9 152.1 164.1 
7 . 1  3.6 3.6 

... 
3.967.0 2.193.5 3.168.9 

Conatruc t ion of F a c i l i t i e s  
1968 1969 1970 

21.6 9.0 12.5 . 8 1.3 1 . 7  . 8 . 4 . 4 

. 6 . 7 . 7 . 3 . 5 

... 

. 

1.9 

3.2 . 4 
8.1 

. 4.8 
2.1 

. 23.3 26.4 

1.4 1.0 3.5 

33.5 35.7 58.2 

- - -  
PI--  

Research and Pronram . 
ManaRement 

1968 1969 1970 ... 
93.1 97.7 97.5 
95.7 98.0 97.7 

126.2 116.4 112.2 

68.3 73.5 79.0 
8.8 9.0 9.0 

33.8 34.0 34.1 
15.4 17.2 18.6 
9.5 9.7 9.6 

62.2 63.0 63.3 
66.2 67.8 68.1 

2.0 2.2 2.0 

58.1 59.8 59.8 . 

. ... 
639.3 648.3 650.9 ... 

Total 
1970 . 1969 . . 1968 

b88.8 1194.9 454.9 
1,327.6 1,187.8 1,042.0 
1,296.8 798.6 818.3 . 4 . 4 

503.9 489.9 542.1 
16.9 17.6 16.9 

197.9 133.9 157.4 

103.0 88.0 101.9 
42.2 41.3 52.2 
33.0 28.6 22.9 

146.2 137.6 171.7 
203.2 186.8 205.5 

52.4 32.3 34.8 

219.0 211.9 223.9 
7 . 1  3.6 3.6 

23.3 26.4 

1.4 1.0 3.5 

4.639.8 3.877.5 3.878.0 

--- 



cn 

h, 

P 

Office of M m e d  Space F l i g h t  

1 9 6 8 . . . . . .  ................ 
1969. ..................... 
1970. ..................... 

Office of Smc. Science and 
4pplications 

19U.... .................. 
1969...................... 
1970 ...................... 

Office of Univcreity Affair. 

1968 ...................... 
1969 ...................... 
1970. ..................... 

Qff ice  of Adv.nc.d m u a r c h  and 
Technoloir 

1968 ...................... 
1969 ...................... 
1970 ...................... 

Office of Irsckin. and Der. 
*cwi.it ion 

1968 ...................... 
1969 ...................... 
1970 ...................... 

O l f i c s  of Tachnolorn 
yt i1izatim 

1968...................... 
1969...................... 
1970...................... 

Torel 84mt Plan 

1968 ...................... 
1969 ...................... 
1970 ...................... 

2,809.230 369.428 

2,007,100 340,400 
2.177.500 383.645 

552,850 4.566 
438.41b k.519 
558.800 

315.022 75 
285,171 - -_  
290.400 _ _ -  

2 75.850 _-- 
279.672 _-_ 
298.000 - _ _  

1,220.304 1.151.560 
1,071.624 660. 550 

920.800 690,700 

6,550 1.022 223.165 
11.664 1.803 197.003 
I b . l l 9  1,Ml 231,383 

4.220 16.797 9.779 
5,411 11.622 9,866 
7,080 13.620 10.910 

400 201.302 
300 209.522 
400 220,100 

1,108 
100 - _ _  

118,069 
59,880 
80,087 

- -_  - -_  _ _ _  

24.410 
23.538 
23.085 

52.368 
50,400 
54,200 

_ _ _  -_-  

867 1,986 
605 
800 _- -  

_ _ _  

40.127 3.483 
28.442 3.217 
38.347 3,185 

24.960 21.348 

28.705 22.150 
24.569 20.850 

2,095 
450 
200 

24,504 
15,485 
47,091 

_ _ _  --- - _ -  

55.654 
57,299 
54.975 

1.625 
1.350 
1.300 

_ _ _  _-_ 

74.767 --- 
58.125 -_- 
69.200 _ _ _  

60.150 50.400 
60.864 30.080 
68.220 32.800 

61.104 
52.526 
y.m 

53.113 
56,956 
67.035 

1D.M)O 
9.000 
9 . m  

19.575 
19,718 
13.675 

13.155 
10.100 
13.800 

4.000 
3.800 

3.966.952 374.069 1 . z 3 1 . 0 7 ~  1.169.779 435.033 195.955 7 . ~ 1  0 , 9 n  26,817 1 3 . ~ 3  83,958 i ~ , 9 1 7  50.400 160.9b7 7.065 
3,193,559 388,164 1,088,499 682,275 616.191 133,918 8,312 53.616 24,067 18.965 74,584 118.989 30,080 152,100 3,599 

344.900 942.599 W 6 3  462.391 157.371 7.410 67.852 25.515 11.330 101.566 131.420 32.800 164.110 a 
~ 



CAPITALIZED VALUE OF NASA'S FACILITIES 
AS OF JUNE 30, 1968 

(IN-HOUSE AND CONTRACTOR-HELD FACILITIES) 
( $  i n  thousands) 

Date : J a n u e q  13. 1969 
Other S t ruc-  Leasehold Fixed 
t u r e s  and Improve- P l a n t  Assets  i n  

FenoTtino Tnqta l la t ion  Land Buildinus F a c i l i t i e s  ments EO- TQ t a l  

w 

OFFICE OF MANNED SPACE nIGHT 
Kennedy Space Center 
Western Test  Range Operation Div 
V P -  iour Locat ions (Contractor-Held) 

White Sands Tes t  F a c i l i t y  
Various Locat ions (Contractor-Held)  

Marshall Space F l i g h t  Center  
Micnoud Assembly F a c i l i t y  
iviississippi Tes t  F a c i l i t y  
S l i d e l l  Computer F a c i l i t y  
Various Locations (Contractor-Held)  

Manned Spacecraf t  Center  

Tota l  

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY 
Ames Research Center 
Various Locat ions (Contractor-Held)  

Elec t ronics  Research Center  
Various Locat ions (Contractor-Held)  

F l i g h t  Research Center 
Various Locat ions (Contractor-Held)  

Langley Research Center 
Various Locat ions (Contractor-Held)  

Lewis  Research Center 
Plum Brook S t a t i o n  
Various Locat ions (Contractor-Held)  

Various Locat ions (Contractor-Held)  
Space Nuclear Propuls ion Off ice  

Tota l  

$ 60,516 $ 242,915 $ 378,948 

5,443 12>,701 26,769 

3,572 24,436 5,383 
8,651 17,272 

95 102,632 39,418 
7,502 63,212 24,251 

15,224 61,394 152,625 

i 707 x) 457 42 552 
63 4,406 874 

$96,122 $688,04-2 

$ 2,372 

1 099 

110 
6 

310 
1,287 

99 

$5,283 

$ 161.,816 

1,671 

7,627 

103,393 
15,177 

106,752 
68,854 

4,228 
19,680 

$ 2,383 

9 

1,900 

130,877 
25 

38,632 
17,238 
4,019 
5,110 

125 
TzmiB 

$ -  

8 
161 

$ 44,805 $240,231 $ 967,415 
2,841 2,841 

80,254 - 80.254 
106,758 47,477 32,148 

4 ,u7  1,193 31,603 
43,728 - 77,127 

147 24- 42,352 331,901 
&s$ 5,097 141,400 
24,846 32,363 286,452 

311 5.604 
88 8 7 24 640 186'216 

r1Z d 8393,353Em%rl 
$ -  

147 

8 

$155 

$ 52,bU $ 6,470 $ 225,462 
1,249 - 1,249 

13,224 4,151 20,154 
3 3 

32,313 $0 42,800 
19 19 

88,583 17,780 340,743 

53,149 24,637 223,622 
8,152 12,370 107,901 

35,583 10,273 54,210 
3.770 502 29,062 

2,657 - 17,865 

OFFICE OF SPACE S C m C E  AND APPLICATIONS 
Goddard Space F l i g h t  Center  $ 1,200 $ 64,415 $ 11,142 $ 276 $ '  147,888 $110,817 $ 335,738 

J e t  Propuls ion Laboratory 799 42,509 
Tracking Stat ions(Deep Space Networks) 7,947 21,066 

Wallops S t a t i o n  611 21,107 39,381 

f l!r'achiog Statlonr -35 16,561 38.254 194,123 - 249,273 
Various Locat ions (Contractor-Held)  88 45 31 29,685 - 29,849 

6,450 408 77, ?I&: - 127,911 
26,051 - 55,064 
31,054 4,2x) 96,373 - *. r var ious  Locat ions ( c o n t r a c t o r - n a a  j 2 >>o 270 4 i87 

$--iiT$ ?$-- $ 116,608 ~ $115,O3i ---- Tota l  

n-o - - 
Headquarters $ - $  - $  - $ - $ 5,132 $ - $ 5,132 

Various Locat ions (Contractor-Held)  
Tota l  

Grvld T o t a l  $104,350 $1,298,187 $1,004,%8 $1,062 $1,418,152 $585,555 $4,412,274 
-*-- ____ - ~ _ _  -- - 

* Includes c a p i t a l  type facilities of t h e  HSF and STADA networks and other suppor t ing  a c t i v i t i e s  inc luding  
equipent aboard ahips end d r c r a t t  





RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1970 ESTIMATES 

J E T  PROPULSION LABORATORY 
--_I- --- 

The Jet Propulsion Laboratory (JPL) is  a Government-owned f a c i l  i t y  inanaged 
and operated by the C a l i f o r n i a  I n s t i t u t e  of Technology under a contrac'l: wi th  
NASA. The c o s t  of ope ra t ing  t h e  Laboratory is funded from t h e  Researcli and 
Development appropr i a t ion ,  except f o r  t h e  lease of a d m i n i s t r a t i v e  a i r c r a f t  and 
the  purchase of *passenger motor v e h i c l e s .  These c o s t s  are funded from t h e  
Research and Program Xanagement appropr i a t ion  and are included i n  t h e  NASA 
Headquarters budget p re sen ta t ion .  The Research and Program Management type 
c o s t s  are presented f o r  information only and are not  a p a r t  of t h e  NASI\ 
Research and Program Management budget. 

P!ISSION: 

The Jet Propu.lsion Laboratory performs a v a r i e t y  of engineer ing,  s c  Len t i f i c  
and management missions including:  

1. P r o j e c t  management of complete automated s p a c e c r a f t  systems f o r  l una r  
and p l ane ta ry  exp lo ra t ion .  

2. Operation of t h e  Deep Space Network including t r a c k i n g  and d a t a  
a c q u i s i t i o n  a c t i v i t i e s  r equ i r ed  by luna r  and p l ane ta ry  f l i g h t s ,  
as w e l l  as  backup t o  t h e  Manned Space F l i g h t  Network. 

3. A cont inulng program of support ing r e sea rch  and technology. 

DESCRIPTION : 
--_I-- 

The Jet Propulsion Laboratory is  loca ted  i n  Pasadena, C a l i f o r n j a ,  a q w o x i -  
mately 20 m i l e s  ,north of downtown Los Angeles. Subsidiary f a c i l i t . i e s  ,ire 
loca ted  a t  Goldstone, C a l i f o r n i a  ( t r ack ing  and d a t a  a c q u i s i t i o n ) ,  Edwatds 
A i r  Force Base, IYuroc, C a l i f o r n i a  ( s o l i d  p rope l l an t  formulat ion arid t e s t i n g ) ,  
and Table Mountain, C a l i f o r n i a  (open a i r  t e s t i n g  and astronomy). 

A t  Pasadena, the Laboratory occupies  175.9 acres of land of whFch 145.9 
A t  Goldstone, faci1il:ies acres are owned by NASA and 30 acres are  l eased .  

are loca ted  on Land occupied under permit from t h e  Army. A t  Edwards Air Force 
Base, f a c i l i t i e s  are loca ted  on land occupied under p e r m i t  from t h e  A i r  Force. 
The f a c i l i t i e s  a t  Table Mountain are loca ted  on land occupied under permit 
from t h e  Forest  Service of t h e  Department of Agr i cu l tu re .  The c a p i t a l  
investment of t h e  Jet Propulsion Laboratory,  including t h e  Deep Space '8etwork 
and contractor-held f a c i l 3 t i e s ,  as of June 30, 1968, w a s  $182,975,000. 



SUMMARY OF RESOURCES REQUIREMENTS: -.-.---I_.---.- - ~ -  

(Dollars in Thousands) 
1969 19 70 c-.--._ - _-I_- - 1968 

I .I-__ 

Authorized permanent positions, 

Research and Program Management 
end of year......................... 4,150 3,990 4,370 

type costs.......................... $76,265 $73,317 $80,081 
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NATIONAL AERONAUTICS AND SPACE ADMINISTPATION 

FISCAL YEAR 1970 ESTIMATES -- 

CONSOLIDATED SUMMARY - __I_- 

FOR AIRCRAFT TECHNOLOGY 
___I__ -.-. _ _ ~ . - -  

(Dol la rs  i n  Mi l l i ons )  

1969 1970 -. -- _Î -_ 1968 __-- 

Research and Development : 
Aeronaut ical  Vehicles......................... $66.8 
E lec t ron ic s  Systems ........................... 7.8 
Human Fiactor Systems .......................... 2.5 
Basic Research................................. 4.3 

Subtotal.,.................................. 81.4 

Research and Program Management : 
Support of Aeronaut ica l  Vehicles  
Program ....................................... 51.7 

3.2 Construct ion of Facil i t ies. . . . . . . . . . . . . . . . . . . . . .  - --__ 

Subtotal.................................... $136.3 

Research and Pro:gram Management : 
Supporting E lec t ron ic s ,  Human 
Fac to r s  and Basic Research 

21.0 Aircraft Techn'ology Effort.................... -__ 

Total....................................... _-- $157.3 
__I__ 

Number of d i r e c t  p o s i t i o n s  a s soc ia t ed  
wi th  Aeronaut ica l  Vehicles  Program ............ 2,278 

Number of d i r e c t  p o s i t i o n s  r e l a t e d  t o  
E lec t ron ic s ,  Human Fac to r s  and Basic 
Research Programs suppor t ing  Aircraft 
Technology e f fo r t . . . . . . . .  ..................... 948 

Tota l  D i rec t  Posit ions. . . . . . . . . . . . . . . . . . . . . .  .L.-- 3 226 -- 

$74.9 
11.1 

3.0 
5.9 --I_.. 

94.9 

55.31 

$150.2 

22.7 -__- - 

2,30;! 

908 -___- 

$78.9 
12.3 
3.0 
6.5 

100.7 

56.0 

4.8 

5161 . 5 

25.7 

'$187.2 

_- -.- 

.I-- .-- 

2,307 

1,026 ---- 

3,333 
___I 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

SUPPORTING RESFARCH AND TECHNOLOGY 
( In  thousands of d o l l a r s )  

-- -- -- - -__-I_- --- 

OFFICE O F  II- SPACE SCICNCE AND 
APPLICATIONS..................... 

Physics  and astronomy........... . 
Lunar and p l ane ta ry  exp lo ra t ion  
Bioscience... . . . . . . . . . . . . . . . . . . . .  
Space a p p l i c a t i o n s  ............... 
Launch v e h i c l e  procurement....... 

OFFICE OF ADVANCED RESEARCH AND_ -- 
TECHNOLOGY ....................... - 
Basic research................... 

E l ec t ron ic s  systems.............. 
Human f a c t o r  systems... . . . . . . . . . .  
Space power and e lectr ic  

propuls ion  systems ............. 
Nuclear rockets.................. 
Chemical propuls ion .............. 
Aeronaut ical  vehicles. . . . . . . . . . . .  

Space vehicle systems. ........... 

I_ OFFICE OF TRASKING AND DATA 
ACQVISITION ...................... - I__ 

GRAND TOTAL........................ 

$76,476 

22,904 
19,800 
10,122 
19,300 

4,350 

21,465 
29,358 
37,557 
18 228 

42 385* 
12,500 
33,537 
39,986 

1969 - 

19,900 
20,600 

9,900 
19,600 
4,000 

$223,924 

21,000 
27,703 
34,271 
17,910 

40,7OO* 
6,000 

28,900 
47,440 

$309,424 - 

$82,000- -- 

19,600 
24,600 
11,400 
22,400 
4,000 

& $234 350 

21,400 
26,650 
35,000 
21,600 

39,400* 
8,000 

25,100 
57,200 

$12 500 

-a- $328 850 -..- 

* Includes SNAP-8 technology. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

Automatic Data Processing EquipEezt- 
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Automatic Data Processing Equipment 

As i n  o t h e r  Federal agencies  and throughout American i n d u s t r y ,  t h e  
u t i l i z a t i o n  of txmiputers w i th in  NASA cont inues  t o  i n c r e a s e ;  bu t  i n  NASA 
t h e  rate of i nc rease  is s u b s t a n t i a l l y  less than i n  t h e  preceding years  of 
rap id  buildup. NASA is now moving heav i ly  i n t o  a c t i v e  mission phases i i i -  

volving f l - igh t s  of manned s p a c e c r a f t  and the  more s o p h i s t i c a t e d  unmannetl 
s p a c e c r a f t .  Tli. achievement of success  i n  these  missions r e q u i r e s  t h e  
ex tens ive  use of d i g i t a l  computers which can accomplish t h e  mandatory 
requirements of h:Lgh r e l i a b i l i t y ,  extreme p r e c i s i o n ,  and r ap id  decision!;. 
I n  a d d i t i o n  to  the  u s e  of t he  computers while  a f l i g h t  is i n  p roqres s ,  
computation requirements a r e  f u r t h e r  increased  by the  var ied  in-depth 
t e s t i n g ,  planning,  and c o n t r o l l i n g  t h a t  must take  p l ace  be fo re  and afte-t- 
launch. The da ta  generated from experiments of earlier f l i g h t s ,  couplecl 
with the  s o p h i s t i c a t e d  experiments of r ecen t  and near - fu ture  miss ions ,  
w i l l  cont inue t o  -3lace heavy requirements  on the  computers. 

The uses  of canputers  are d iv ided  i n t o  two c a t e g o r i e s .  The Category A ,  
genera l  purpose u:3e, inc ludes  a l l  t h e  equipments t h a t  can s e r v i c e  n iu l t i o l e  
u se r s .  The incre.asing requirements f o r  gene ra l  purpose f a c i l i t i e s  have 
been m e t  through the h igher  speed of t h i r d  genera t ion  computers and 
continued improvements i n  management and programming e f f o r t s .  Figure 1 
shows the  cont inuing growth i n  NASA's Category A computing requirements  
through FY 1970. The a c t u a l  recorded computer workload f o r  FY 1968, 
based on computer opera t ions  p e r  second, is used as t h e  base r e fe rence  
po in t  of 100 percent .  Also shown i n  Figure 1 is a v a i l a b l e  compnting 
capac i ty  through FY 1970. The l e v e l  of u t i l i z a t i o n  of t hese  computers 
w i l l  reach 95 percent of capac i ty  by FY 1970. Figure 2 provides  the. brlzak- 
down of t o t a l  requirements by t h e  f i v e  elements comprising the  Category A 
app l i ca t ions .  These areas of u s e  are: 

(a)  The zci-e_nce and engineer- area, which inc ludes  a l l  t h e  researtch 
c a l c u l a t i o n s ,  engineer ing computations and d e t a i l e d  a n a l y s i s  of sc: lent i f ic .  
da ta .  

(b) The d a t a  reduct ion  a r e a ,  which inc ludes  t h e  processing necessary 
t o  ge t  experimental  and ope ra t ions  d a t a  i n t o  a useable  form for t he  
experimenter.  

(c) M i s s i o n c o n t r o l ,  which inc ludes  not  only t h e  a c t i v e  mission con- 
t r o l  computations but a l s o  the  mission a n a l y s i s  and s imula t ion  necessary 
f o r  e f f e c t i v e  c:ontrol. 

(d) The &_ni&-ct>A.? area, which covers  t h a t  p a r t  of d i g i t a l  d a t a  
processing that: a.ctually r ep laces  analog s imula t ion  func t ions .  

SA 11 
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(e) The business-and administzsi$A area, which covers both business data 
processing and engineering support data processing, such as master confieuration 
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. Figure 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 R 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. A s  
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. 
conversion to the more efficient third generation computers with lower cost 
per computation, closer management control of ADP at the installations, 

This has been achieved by a combination of techniques: 
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and r e - u t i l i z a t i o n  of computers f o r  new requirements.  A l l  new ADP r equ i r e -  
ments a r e  c a r e f u l l y  screened f o r  t h e  p o s s i b i l i t y  o f :  (1) s a t i s f y € n g  r equ i r e -  
ments through t h e  use of e x i s t i n g  equipment, e i t h e r  by conso l ida t ion  of 
workloads i n t o  EI c e n t r a l  f a c i l i t y  o r  by expanding p resen t  f a c i l i t i e s ,  (2)  
t he  u s e  of o t h e r  than NASA f a c i l i t i e s  where excess t i m e  is a v a i l a b l e ,  and 
(3) the  re-use o f  excess equipment obtained wi th in  NASA o r  from o the r  
Governmerit agtzncies through GSA. A number of new requirements have been 
m e t  by this 1-ast method a t  cons iderable  economies t o  NASA. 
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C a p i t a l  Value of  Owned and Leased ADP Equipment 
on Hand June 30, 1968 

( I n  thousands of d o l l a r s )  

NAS A-Owned 
Equipment 

Leased 
Equipment 

Total 
- Carnal  Valuq 

$98,696 
13,132 
65,153 
20,411 

- $156 L-- 770 
3..7 ,095 

106,704 
32 ,971 

$58,074 
3,963 

41,551 
12,560 

--- Off i ce  of Manned Space F l igh t . .  .. 
Manned Spacecraf t  Center. ...... 
Marshall  !;pace F l i g h t  Center..  . 
Kennedy Space Center........... 

Qffice of %,ace Science and 
s i l ,  578 

1O8,907 
40 ,180 

2,491 

$23,008 
13,934 

8,954 
120 

App1 ica tk )E . .  ................. $128,570 
Goddard Space F l i g h t  Center..  .. 94,973 
Jet Propultsion Laboratory.. .... 
Wallops Station................ 

31,226 
2,371 

O f f i c e  of Advanced Research -- 
and Technology.. ............... 
Ames Research Center..  ......... 
Electroiiic:~ Research Center..  .. 
F l i g h t  liesearch Center. ........ 
Langley Research Center.. . . . . . .  
L e w i s  Research Center..  ........ 
Space Nuc:Lear Propuls ion 

Off ice .  ....................... 

$10,254 
3,281 

7 36 
380 

4,344 
415 

$40 793 
7,868 

$30,539 
4,587 
3,300 
2,060 
9,335 

11,257 

4,036 
2,440 

l.3 , 6  79 
11.1 ,672 

1,098 1,098 

$748 $2.375 -. $3,  123 .................... 
TOTAL..,..................... $93,711 &258,553 
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h) 
0 

Off ice  of Manned Space Flight..... 
Kennedy Space Center............ 
Manned Spacecraft  Center........ 
Marshall Space F l igh t  Center.... 

Off ice  of Space Science and 
rrj Applications.................... 
m Goddard Space F l igh t  Center..... 
rt Jet  Propulsion Laboratory....... 

Wallops Station................. 

P. 

C 
(D 

4 

Off ice  of Advanced Research 
and Technolom.................. 
A m e s  Research Center............ 
E l ec t ron ic s  Research Center..... 
F l igh t  Research Center.......... 
Langley Research Center......... 
L e w i s  Research Center........... 
Space Nuclear Propulsion Office. 

Headquarters...................... 

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

Automatic Data Processing Personnel 
(Average Employment fo r  the F i sca l  Year) 

FY 1968 

Service Contractor 
Civi l  

430 
58 

205 
167 

- 

- 669 
419 

24 
2 2 e /  

392 
60 
21 
19 

140 
152 

- 

--- 
- 1 7  

1,508 - 

2,568 
420 

1,390 
758 

1.327 
1,056 

243 
28 

- 216 
62 
46 
25 
72 

11 

114 

4,225 

--- 

- 

FY 1969 

Service Contractor 
C i v i l  

- 443 
67 

208 
168 

728 
486 

24 

- 
2 1 e /  

403 
60 
28 
19 

144 
152 

- 

--- 
1 7  

1.591 

- 

2,618 
535 

1,458 
625 

1,326 
1,064 

234 
28 

296 
77 
91 
24 
93 

11 

- 114 

4,354 

- 

--- 

FY 1970 
Civi l  

Service 

44 2 
67 

207 
168 

- 

740 
493 

24 

- 
2 2 3 d  

413 
60 
31 
19 

151 
152 

- 

--- 
19 

1,614 

- 
- 

Contractor 

2,531 
485 

1,466 
580 

1,255 
1,001 

2 19 
35 

332 
90 

116 
1 7  
98 

11 

- 

--- 

116 - 
4,234 

a /  Employees of JPL. 
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I n s  tal.la ticin 
--I 

ADP Cont rac tor  I d e n t i f i c a t i o n  

N a m e  of Firm ADP Se rv ice  I’erformed 

Kennedy Space Center Federa l  E l e c t r i c  P rograming ,  Analysis  and 
Company Operat ions 

Manned Spacecraf t  Lockheed E lec t ron ic s  Programming, Analysis  and 
Center  co . Operat ions 

Marshall  Space 
F l i g h t  Center  

I BM 

Link Group, GP I 

TRW Systems 

Univac 

Philco-Ford 

MIT 

McDonnell-Douglas 

Computer Sciences 
Corp. 

Se rv ice  Technology 
Corp. (LTV) 

General E l e c t r i c  

Mission Operat ions S , y s t e m  
Design, Progrmxninq , 
Operations and 
Maintenance 

Apollo Simulator  Proisram 
Maintenance and 
Modif icat ion 

Apo 110 Miss i o n  Analy is is 

Apollo Comunica t ions  
Contro 1 

Apollo Procedures Cont ro l  
Unit Operation 

Apollo Guidance and IControl 
Programming 

Command Module Simulator 
Operat ions and Pro- 
gramming 

Programming, Analysis  and 
Operations 

Keypunching, Programning 
and Operations; 

Data Reduction F’rogriimning 
and Operat ions 
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Ins tallation Name of Firm 

Goddard Space Flight CEIR 
Center 

Jet Propulsion 
Laboratory 

ADP Service Performed 

Programing and Analysis 

Computer Applications, Programming, Analysis, 
Inc . Operations and 

Maintenance 

Computing and Software, Programming, Operations 
Inc . and Maintenance 

Computer Sciences Corp. Programming, Analysis and 
Operations 

General Electric Programing 

I BM 

Univac 

Programming, Analysis, 
Mission Support and 
Maintenance 

Programming, Analysis and 
Maintenance 

Westinghouse Programming and Analysis 

Wolf Research and Programing and Analysis 
Development Corp. 

Computer Usage Programing 
Development Corp. 

Computer Communications, Software Maintenance and 
Inc . Operations Support 

Heliodyne Corporation Programming and Analysis 

IBM Programing and Analysis 

Informatics Programming and Analysis 

Planning Research Corp. Operations and Maintenance 

RCA Operations and Maintenance 

Univac Software Maintenance and 
Operations Support 



I n s  t a l  :la t ion 

Wallops S t a t i o n  

---- Name of Firm ADP Serv ice  Performed 

Philco-Ford Programming and Compiitational 
Services 

Techni t ro l  Engineering Operations and Keypuriching 
Corp. 

Ames  Reseinrch Center Computer Sciences Corp. S c i e n t i f i c  Programing and 
Analysis ,  Adminis t ra t ive 
Applicat ions,  Keypunching 

IBM, Federal  Systems 
Div. 

Informatics ,  Inc.  

Computer Usage Corp. 

System Development 
Corp. 

Elec t ronics  Research Serv ice  Technology 
Center Corp. 

F l igh t  Research Center General E l e c t r i c  

Langley Research 
Center 

Computing and Soft-  
ware, Inc.  

North American 

Hampton I n s t i t u t e  

Hayes I n t e r n a t i o n a l  
Corp. 

Computing and Soft-  
ware, Inc.  

Control  Data Corp. 

I BM 

S c i e n t i f i c  Programming 

S c i e n t i f i c  Programing 

Operations 

Programing 

Programing,  Analysis!;, 
Opera:ions, Keypunching 

Operat ions,  Data PreF:'aration, 
Keypunching 

Biomedical Programming and 
Analysis 

B-70 Data Reduction 

Readout and Data 
Prepara t ion  

Keypunching and Programming 

S c i e n t i f i c  Computer Clperations, 
Keypunching, Prograimming 

Maintenance 

Maintenance 

L e w i s  Research Center IBM Maintenance 



ADP Service Performed ------- Name of Firm 
_cII--- 

Installation 

Space Nuclear Pro- Pan American World Programming, Analysis, and 
propulsion Office Airways, Inc. Operations 

Headquarters Leasco Programming and Operations 

Informatics (TISCO) Programming, Analysis 
and Operations, Key- 
punching 
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End of F i s c a l  Year Inventory of Computers 

Of f i ce  of&nned Space F l i g h t  ........... 
Manned Spsicecraf t Center .............. 

- 285 

132 
Kennedy Space Center .................. 22 

Marshall1 Space F l i g h t  Center .......... 131 

Of f i ce  of &ace Science and Appl ica t ions  29J 
Goddard Space F l i g h t  Center ........... 193 
Jet Propul.sion Laboratory ............. 97 
Wallops St.ation ....................... 3 

Of f i ce  of Mvanced  Research and ............................ 60 T e c h n o k w  . 
Ames Reirearch Center .................. 26 
B1ectronic:s Research Center  ........... 6 
F l i g h t  FLeEearch Center  ................ 6 
Langley Research Center  ............... 9 
Lewis Research Center ................. 12 
Space Nucl.ear Propuls ion  Off i c e  ....... 1 

............................ 4 Headquar te- !rsi . 
.............................. 64 2 To ta l .  . - 

Breakdown & Category of Equipment: 
Category A. (General Purpose) .......... 
Category El (Spec ia l  Purpose) .......... 184 

458 

Breakdown & Size  of Equipment: 
Large ................................. 58 
.di. ................................ 97 
Small ................................. 487 

FY 1969 

266 
21 
. 
141 
104 

312 
212 
96 
4 

. 

77 
27 
15  

6 
14  
14 
1 

. 

4 

. 659 

. 

. 

14 7 
512 

58 
96 

505 

Fy' 1970 
-1- 

276 
21 
. 
153 
102 

323 
220 

98 
5 

. 

8 2  
30 
17 

6 
14 
14 
1 

. 

3 . 
684 

I- 

,- 

146 
538 

58 
94 

532 
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Ln 
P 

m 
N 

n 
5p 
w. 

O f f i c e  of Manned Space Fliaht.. . . . . . . . . . .  
Kennedy Space Center................... 
Manned Spacecraf t  Center............... 
Marshal l  Space F l i g h t  Center........... 

O f f i c e  of Space Science and Appl ica t ions .  
Coddard Space F l i g h t  Center............ 
Jet  Propuls ion Laboratory .............. 
Wallops Station........................ 

Off ice  of Advanced Research and 
Technolo gy............................. 
Amea Research Center................... 
E l e c t r o n i c s  Research Center............ 

$ F l i g h t  Research Center.. .... 
c. Langley Research Center..... 
0 Lewis Research Center....... 

Space Nuclear Propuls ion  Off 

Headquarters.................. 

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

.......... .......... .......... 
ce........ 

.......... 

.......... 
Breakdown by Appropriat ion:  

R & D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R @ M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Breakdown by Category of Equipment: 
Cat. A................................. 
C a t .  B................................. 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

S-ry of Automatic Data Processing Equipment Funding 
( I n  thousands of d o l l a r s )  

FY 1968 - -  Lease Maint. =h. Total 

324.968 $2,158 $3.749 $30.875 
1,496 361 1,933 3,790 

15,107 1,215 1,157 17,479 
8.365 582 659 9,606 

310.881 33.459 $15.638 $29.978 
5,822 2.206 13,276 21,304 
5.012 1,202 2,310 8,524 

47 51  52 150 

$3.964 $675 $8.400 313.039 
1,472 244 849 2,565 

138 31 1,455 1,624 
20 4 1  461  522 

1,902 224 5.341 7,467 
119 135 294 548 

313 313 

$219 $32 $14 $265 

$40.032 36.324 $27.801 $74.157 

_ _ _  _ _ _  

22,895 4,475 25,090 52,460 
17,137 1,849 2 ,711  21,697 

37,680 3,580 18,427 59,687 
2,352 2,744 9,374 14,470 

FY 1969 
Lease Mafnt. m. - -  

$23,602 $2.472 $545 
1,363 505 

17,483 1,295 430 
4,756 672 115 

$9.914 34.619 $10.340 
5,912 3,527 8,847 
3,951 1,030 1,222 

51  62 271 

--- 
T o t a l  

$26.619 
1.868 

19,208 

- 

5,543 

$24.873 
18,286 

6,203 
384 

$4.431 $1.454 $7.811 $13.696 
1,489 306 1,070 2,865 

34 6 156 611 1,113 
2 50 250 302 

2,215 767 5,806 8,788 
109 175 74 358 --- 270 2 70 

$310 

$38.192 $8,610 $18.696 $65.498 

--- 
_ _ _  $245 $65 

24,083 6,237 18,635 48,955 
14,109 2,373 61 16,543 

34,625 5,258 6,579 46,462 
3,567 3,392 12,117 19,036 

FY 1970 
Lease Maint. -h. Totel - -  

326.527 $2.302 
1,040 525 

17,654 1,313 
7,833 464 

39.951 34.718 
5.819 3,607 
4 ,081  1,019 

51  92 

$3.579 31.720 
1,934 34 2 

396 176 
118 50 
765 976 

96 176 
2 70 --- 

$320 $60 

340.377 38.800 -- 

26,841 6,392 
13,536 2,408 

37,106 5.352 
3,271 3,448 

$703 229.532 --- 1,565 
700 3 

19,667 8,300 

911.054 925.723 
9,137 18,563 
1,617 6,717 

300 44 3 

$5.077 $10.376 
742 3,018 
335 907 

168 
4,000 5,741 --- 272 

270 

$380 

$16.834 $66.011 

--- 

--- 
--- 

16.819 50,052 
15 15,959 

7,221 49,679 
9,613 16,332 
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Summary of Requirements by NASA Ids t a l l a t ion_  

Kennedy Space C,enter 

A t  t h e  Kenneldy Space Center t h e  Cen t ra l  Ins t rumenta t ion  F a c i l i t y  ((:IF) 
provides  "quick-look" d a t a  r educ t ion ,  real-time meteorological  ana1ys:l.s , 
automatic  checkout and genera l  s c i e n t i f i c  computations i n  support: of i l l 1  

space veh ic l e  t e s t s  and launches.  General  d a t a  processing s e r v i c e s  a t  KSC 
are provided pr imar i ly  by two GE 635 ' s ,  two IBM 7010's and suppor t ing  equip- 
ment. Much of t h i s  equipment is operated "on-line" as p a r t  of t he  coiintdown 
and launch c o n t r o l  system f o r  a s i g n i f i c a n t  po r t ion  of t h e  t o t a l  opera t t ing  
t i m e .  I n  a d d i t i o n  t o  suppor t ing  a l l  major space veh ic l e  p r o j e c t s ,  s u l s t a n t i a l .  
computational s e r v i c e s  a r e  provided t o  the  aerospace c o n t r a c t o r s  i n  tlie Cape 
Kennedy area .  

Growth i n  requirements t o  support  t he  ope ra t iona l  checkout procedures f o r  
spacec ra f t  and launch veh ic l e s  r e s u l t e d  i n  a p lan  t o  replace two IBM 7010's 
and an IBM 1440 wi th  an I B M  360/50 - 360/40 combination. The new equtpment 
w a s  i n s t a l l e d  i n  t he  second q u a r t e r  of FY 1969, wi th  t h e  conversion scheduled 
t o  be complete by February 1969. Also i n  FY 1969 a small processor  w i l l  be 
purchased for use as a da ta  eva lua to r  i n  pre-processing rea l - t ime telgzmetry. 

Addit ional  computer resources  do not appear necessary i n  the  near  1:erm. 
Changes i n  f u t u r e  launch schedules  w i l l  have a sharp  impact on the  AD"' 
workload a t  KSC bu t  t he  only changes which can now be a n t i c i p a t e d  i n  kT 1970 
o r  beyond a r e  those  r econf igu ra t ions  which may be necessary t o  adapt  Ithe 
computation complex t o  the  d a t a  r educ t ion  requirements of experimenters .  

Manned Spacecraf t  Center  

A t  MSC the Computation and Analysis  Div is ion  (CAD) is re spons ib l e  Eor a l l  
genera l  purpose computation and d a t a  processing.  
manages the  ADP equipment suppor t ing  manned spacec ra f t  miss ions ,  whi le  t he  
Information Systems Divis ion  monitors ADP requirements of a specf-a1 purpose 
na ture .  

F l i g h t  Operat ions Dt rec to ra t e  

The l a r g e s t  i n c r e a s e  i n  MSC computation requirements has  occurred Ln the  
area of Apollo mission a n a l y s i s .  I n  a d d i t i o n  t o  u t i l i z i n g  t h e  f i l l1  p,coduction 
of two IBM 7Ci94's t h i s  func t ion  u t i l i z e s  more than the  t o t a l  t h r e e - s h i f t  
opera t ion  of a Univac 1108 computer. 

I n  t h e  Rea.1-Time Control  Center ,  Apollo mission c o n t r o l  is supported by 

Two I R M  360/50 computers used f o r  program develooment 
six I B M  360/75 computers. 
t he  Apollo program. 
i n  mission c c n t r o l  are expected t o  become excess t h i s  year. One is planned 
f o r  r e t en t ion  wi th in  the  F l i g h t  Support Div is ion  t o  handle  Apollo Lumr  

L i t t l e  change is expected i n  t h i s  area durtng 
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Surface Experiment Package (ALSEP) d a t a  processing.  The o the r  is being 
considered f o r  t r a n s f e r  t o  NASA Headquarters.  

The a n t i c i p a t e d  i n c r e a s e  i n  a d m i n i s t r a t i v e  a p p l i c a t i o n s  is  expected t o  
exceed t h e  capac i ty  of t h e  Univac 1107 ' s  suppor t ing  the  func t ion  by 1970. 
Augmentation of t hese  systems may be necessary a t  t h a t  t i m e .  

S i x  CDC 160G computers w e r e  approved f o r  i n s t a l l a t i o n  dur ing  FY 1969 
t o  support  two automatic  checkout (ACE) s t a t i o n s  and a checkout systems 
development l abora to ry .  Severa l  o t h e r  small Category B computers were 
i n s t a l l e d  dur ing  N 1969 t o  suppor t  s p e c i f i c  r e sea rch  p r o j e c t s  and several 
more are a n t i c i p a t e d  dur ing  M 1970 p r imar i ly  f o r  Apollo and luna r  research  
p r o j e c t s .  

Marshall  Space F l i p h t  Centex 

Most MSFC computation requirements  are served by two l a r g e  c e n t r a l  
computer complexes loca ted  a t  Hun t sv i l l e ,  Alabama, and S l i d e l l ,  Louisiana.  
I n  a d d i t i o n ,  t h e r e  are a v a r i e t y  of smaller computers d i spersed  throughout 
t h e  research  l a b o r a t o r i e s .  

Conversion t o  Univac 1108's dominated ADP a c t i v i t y  dur ing  JY 1968 and 
w i l l  cont inue to  do so during FY 1969. Approximately 20 second genera t ion  
computers are scheduled t o  be ( o r  have a l r eady  been) replaced a t  Hun t sv i l l e  
by t h e  t h i r d  genera t ion  equipment. 
were leased  machines. Due to  s l ippage  i n  sof tware d e l i v e r y  much of t he  t h i r d  
genera t ion  equipment has no t  y e t  been accepted and, as a r e s u l t ,  t he  release 
d a t e s  of second genera t ion  computers have had t o  be  extended. 
cases, leased  second gene ra t ion  computers were purchased where t h e  s l i ppage  
would have exceeded t h e  breakeven da te .  Government-owned computers w i l l  be  re- 
u t i l i z e d  i n  o t h e r  a p p l i c a t i o n s  a t  MSFC and elsewhere. 
s e rv ing  s c i e n t i f i c  computations (two IBM 7094's) w i l l  be t r a n s f e r r e d  t o  a 
GSA s e r v i c e  c e n t e r  t o  be e s t a b l i s h e d  a t  Huntsv i l le .  A Burroughs B5500 
u t i l i z e d  f o r  d a t a  r educ t ion  and te lemet ry  c a l c u l a t i o n s  w a s  purchased by 
GSA i n  e a r l y  FY 1968 and w i l l  be  r e - u t i l i z e d  by t h e  Department of I n t e r i o r  
i n  February o r  March 1969. 
re leased  f o r  r e - u t i l i z a t i o n  by t h e  Defense Supply Agency e a r l y  i n  FY 1969. 

Most of t h e  computers t o  be rep laced  

I n  s e v e r a l  

The primary equipment 

Severa l  s m a l l  l eased  IBM 1130 computers were 

A t  t h e  S l i d e l l  f a c i l i t y ,  l eased  IBM 7040, 1440, and GE 235 computers were 
re leased  i n  t h e  f i r s t  q u a r t e r  of FY 1969. A gene ra l  re -eva lua t ion  of equip- 
ment requirements is underway a t  S l i d e l l  as a r e s u l t  of t he  expected d e c l i n e  
s t a r t i n g  next yea r  i n  workload a t  t h e  Michoud Assembly F a c i l i t y  and t h e  
Miss i s s ipp i  T e s t  F a c i l i t y .  
or r e - u t i l i z i n g  a d d i t i o n a l  smal l  and medium scale computers depending on the  
success  of conversion t o  t h i r d  genera t ion  systems. 
s i b l e  t h a t  some of t h e  p re sen t  Category B requirements f o r  small s p e c i a l  
purpose equipment can be more e f f i c i e n t l y  handled by remote te rmina ls  l inked  
t o  t h e  c e n t r a l  f a c i l i t i e s .  

I n  FY 1970 t h e r e  is a good p o s s i b i l i t y  of r e l e a s i n g  

I n  a d d i t i o n ,  i t  is  pos- 

No major computer a c q u i s i t i o n s  a t  e i t h e r  Hun t sv i l l e  o r  S l i d e l l  are 
a n t i c i p a t e d  i n  t h e  next few yea r s  beyond completion of t he  p re sen t  
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conversion eff 'or t .  Development of t h e  f u l l  p o t e n t i a l  of t h e  Univac t h i r d  
genera t ion  computer systems cont inues  t o  c o n s t i t u t e  t he  primary ADP a c t i v i t y  
a t  t h e  mFC fac i l i t i es .  

Goddard Space F l i g h t  Center 

Although nci n e w  Category A computers w i l l  be added t o  the  Goddiard Space 
F l i g h t  Center inventory dur ing  FY 1969 o r  FY 1970, some funds w i l l  be used 
f o r  purchase cif l eased  components of t he  e x i s t i n g  computers. I n  'FY 1970, 
i t  i s  planned t o  procure a d d i t i o n a l  s t o r a g e  and suppor t ing  c o n t r o l  c i r c u i t r y  
f o r  p re sen t ly  i n s t a l l e d  IBM 360/75's. 

During FY 1.969 some Category B computers w i l l  be acquired.  These w i l l  
support  t rack jng  and te lemet ry  process ing ,  p r imar i ly  Apollo; automatic  
checkout systems a s soc ia t ed  wi th  satel l i tes  under development; t r ack ing  
func t ions  assciciated wi th  b i o s a t e l l i t e s ;  and c e r t a i n  o t h e r  satel1:Lte pro- 
jects as d i sp lay  genera tors .  
be added dur ing  t h i s  f i s c a l  yea r ,  many r ep resen t  systems procured during 
FY 1968, w i t h  f i n a l  i n s t a l l a t i o n  and acceptance occurr ing  dur ing  'FY 1969. 

Although a large number of t he  computers w i l l  

During FY 1.970 n ine  computers w i l l  be added t o  the  Category B inventory .  
Seven of t hese  w i l l  be  used f o r  t h e  t r ack ing  func t ion ,  wi th  t h r e e  a d d i t i o n a l  
Univac 12.18 ccmputers needed t o  support  f u t u r e  Apollo missions and four  being 
obtained f o r  t he  Goddard Op t i ca l  Tracking F a c i l i t i e s .  An a d d i t i o n a l  mission 
support  computer is  necessary f o r  t h e  Goddard M u l t i - S a t e l l i t e  Operations 
Control  Center (MSOCC) and one computer is requi red  t o  provide t es t  da t a  
a c q u i s i t i o n  and processing f o r  t h e  nuc lear  physics  p r o j e c t .  

The l a r g e s t  s i n g l e  c o s t  r e l a t i n g  t o  Category B computers does not i nc rease  
the  t o t a l  number of computers i n  the  inventory .  This  funding is needed f o r  
t h e  conversior. of t h e  Communications Processing Computers ( p r i n c i p a l l y  the  
Univac 494's) t o  t h e  new American Standard Code f o r  Information Ii i ter-  
change (ASCII). This code w a s  r e c e n t l y  adopted as a Federal  s tandard  and 
is expected tcl be a p p l i c a b l e  t o  new computers acquired a f t e r  J u l y  1, 1969. 

Jet Propuls ion&abora tory  

The J e t  Prclpulsion Laboratory has  requirements  f o r  computers t o  a i d  i n  the  
development of s p a c e c r a f t  f o r  t h e  p l ane ta ry  programs and f o r  t h e  deep space 
network. The computers a r e  used f o r  t r a j e c t o r y  and celestial  mechanics, 
s t r u c t u r a l  a n a l y s i s ,  c i r c u i t  des ign ,  propuls ion r e sea rch ,  and comrnunicstions 
a n a l y s i s .  A Cnivac 1108 i s  c u r r e n t l y  being i n s t a l l e d  i n  t h e  l a b o r a t o r y ' s  
S c i e n t i f i c  Computing F a c i l i t y  (SCF). Another computer is  being acquirled 
f o r  a c e n t r a l i z e d  d a t a  a c q u i s i t i o n  system t o  i n t e r f a c e  between the  SCF 
computer and the  r e s e a r c h e r ' s  experiments.  

N o  changes i n  the  FY 1970 inventory of Category A computers is envisioned 
a t  t h i s  t i m e .  There w i l l ,  however, be some p e r i p h e r a l  a d d i t i o n s  150 th12 
e x i s t i n g  computers during both FY 1969 and FY 1970. 
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Five computers w i l l  be added t o  t h e  Category B inventory  i n  FY 1969. 
Three of t hese  computers w i l l  be added t o  t h e  Deep Space Ins t rumenta t ion  
F a c i l i t y ,  one t o  s e r v e  i n  Deep Space N e t  Control  Research and t h e  o t h e r  
two t o  suppor t  D i g i t a l  Tracking S t a t i o n  Development. The two a d d i t i o n a l  
computers scheduled f o r  i n s t a l l a t i o n  during FY 1969 are f o r  research  i n  
Guidance and Control  and f o r  t h e  Gamma Ray Spectrum Emission Research 
a c t i v i t y  . 

Three Category B computers w i l l  a l s o  be added during FY 1970, two 
f o r  t h e  D i g i t a l  Tracking S t a t i o n  implementation and t h e  o t h e r  f o r  t h e  
Roving Vehicle Motion Cont ro l  Study. 

Wallops S t a t i o n  

There are no planned a d d i t i o n s  t o  t h e  Category A computer inventory 
dur ing  FY 1969 and FY 1970. Some minor funding is requi red  during FY 1969 
t o  update some of t h e  p e r i p h e r a l s  on t h e  GE 625, t o  provide g r e a t e r  f l e x i -  
b i l i t y  i n  suppor t  of t h e  launch and t r ack ing  func t ions  assigned t o  t h e  
Wallops S t a t i o n .  

I n  t h e  Category B area, i t  is planned t h a t  a computer w i l l  be acquired 
dur ing  t h e  f o u r t h  q u a r t e r  of FY 1969 t o  support  t h e  Mobile Range Systems. 
An excess  computer a t  t h e  Je t  Propuls ion Laboratory is expected t o  be a v a i l -  
a b l e  t o  meet t h i s  requirement.  However, s i n c e  t h i s  excess computer system 
does no t  con ta in  a l l  e s s e n t i a l  components, some funds w i l l  be  requi red  during 
J?Y 1969 t o  purchase the  necessary pe r iphe ra l s .  A second computer w i l l  be  
acquired dur ing  FY 1970 and i n s t a l l e d  as p a r t  of a te lemet ry  system. 

Ames Research Center  

Ames Research Center u t i l i z e s '  ADP equipment f o r  s c i e n t i f i c  and engineer ing 
computation, f o r  r educ t ion  and a n a l y s i s  of d a t a  from experiments,  f o r  monitoring 
and c o n t r o l l i n g  experiments i n  real-time, and f o r  a i r c r a f t / s p a c e c r a f t  s imula t ion  
s t u d i e s .  The IBM 360/50 computer system is used p r imar i ly  f o r  s c i e n t i f i c  and 
engineer ing  computations,  wi th  a l a r g e  p a r t  of t h e  workload o r i g i n a t i n g  from 
remote access s t a t i o n s  s t r a t e g i c a l l y  loca t ed  i n  the  research  l a b o r a t o r i e s  and 
test f a c i l i t i e s .  Addi t iona l  ADP workload demands r e s u l t  from inc reas ing  re- 
quirements for advanced t h e o r e t i c a l  s t u d i e s  i n  aerodynamics and propuls ion,  
and f o r  s t u d i e s  of ope ra t ing  problems a s s o c i a t e d  wi th  supersonic  and hypersonic 
a i r c r a f t ,  and a wide v a r i e t y  of V/STOL v e h i c l e s .  

Ames u t i l i z e s  an  IBF4 7094/7040 system f o r  genera l  s c i e n t i f i c  and engineer ing 
computation, d a t a  r educ t ion ,  s imula t ion ,  and gene ra l  bus iness  a p p l i c a t i o n s .  
A HON 800/200 system is used p r imar i ly  f o r  on-l ine wind tunnel  test d a t a  
reduct ion .  
f o r  two wind tunne l s  ope ra t ing  s imultaneously.  
be requi red  t o  provide on-l ine d a t a  processing f o r  up t o  f i v e  wind tunnels .  

Ames  is planning t o  expand the  system t o  provide on-line c a p a b i l i t y  
Addi t iona l  system r e v i s i o n s  w i l l  

As i n t e g r a l  components of r e sea rch  and test f a c i l i t i e s ,  Ames u t i l i z e s  
small special  purpose computers f o r  s imula t ion ,  experiment c o n t r o l ,  and real- 
t i m e  d a t a  a c q u i s i t i o n  wi th  "quick-look'  d i s p l a y  c a p a b i l i t y .  
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A m e s  is  eva lua t ing  new techniques f o r  conso l ida t ing  ADP requirements i n t o  
a more un i f i ed  complex of equipment through development of an in t i -acenter  
computer communications c a p a b i l i t y .  

A real-t ime d a t a  a c q u i s i t i o n  computer w i l l  be  put  on-l ine t o  the  40 x 80' 
wind tunne l ,  and t h e  IBM 360/50 c e n t r a l  system w i l l  be expanded i n  J?Y 1970. 

E lec t ron ic s  Research Cent%_ 

General purpose ADP requirements  a t  ERC are p r imar i ly  f o r  s c i e n t i f i c  and 
engineer ing  ccmputations,  and are expected t o  more than double during the  
next two years .  Data reduc t ion  requirements are expected t o  inc rease  s t e a d i l y  
a long wi th  s i t ru l a t ion  techniques.  An IBM 7094 I1 computer system i s  used f o r  
gene ra l  purpose s c i e n t i f i c  computation, d a t a  reduct ion ,  and bus iness  app l i -  
c a t i o n s ,  along wi th  a Univac 418 a t  the  Manned Spacecraf t  Center. Data 
communications l i n k s  provide f o r  remote access  t o  the  computer complexes 
a t  t h e  Langley. Research Center and a t  MSC. 

The present  planning is f o r  an  expanded gene ra l  purpose,  l a r g e  s c a l e ,  
u n i f i e d  c e n t r a l  computation f a c i l i t y  f o r  completion dur ing  l a t e  Ff 1971, 
o r  i n  FY 1972. ADP a p p l i c a t i o n s  a t  ERC r e q u i r e  equipment c a p a b i l i t y  f o r  
processing a hroad range of problems such as t r a j e c t o r y  a n a l y s i s ,  power 
s p e c t r a l  analysis, and l a r g e  mat r ix  inve r s ion  i n  support  of V/STOL, SST, 
and o t h e r  ae ronau t i c s  and space p r o j e c t s .  

Spec ia l  purpose computers a r e  used i n  conjunct ion wi th  the  resczarch 
l abora to ry  equipment f o r  experiment sequence c o n t r o l ,  real-time d a t a  
a c q u i s i t i o n ,  and a n a l y s i s  f o r  "quick-look'' d i sp l ay .  New a p p l i c a t i o n s  
inc lude  a n a l o g / d i g i t a l  s imula t ion  as p a r t  of t h e  r e sea rch  work, and a 
combined hybr id-cont ro l  conf igu ra t ion  f o r  a p a r t i c u l a r l y  complex require-  
ment i n  guidance and con t ro l .  

F l i g h t  Researc:h Center 

Flight: Research Center p l ans  t o  augment t h e i r  IBM 360/40 computer system 
dur ing  FY 1965, by i n s t a l l i n g  a d d i t i o n a l  p e r i p h e r a l  equipment t o  support  the  
expected incxc!aaed workload. The c e n t e r  is  examining t h e  f e a s i b i l i t y  of 
i nco rpora t ing  p a r t  of t h e i r  s p e c i a l  purpose computer requirements  intcl t h e  
c e n t r a l ,  general. purpose s y s  t e m .  S tud ie s  c u r r e n t l y  in progress  i n d i c a t e  a 
need f o r  inst .al1.ation of new equipment dur ing  FY 1970. 

General purpcise computer requirements  a t  FRC are p r imar i ly  f o r  data 
reduct ion ,  however, t h e r e  is a r a p i d l y  inc reas ing  demand f o r  s c i e n t i f i  c 
and engirieeririg computation. While some major programs are being concluded, 
t hese  are being replaced by a l a r g e  number of small programs. 
i nc reases  are a c r i t i ca l  need f o r  s t u d i e s  of F-111 handl ing q u a l i t i e s  
and t r a j e c t o r y  op t imiza t ion  r e sea rch .  
suppor t ing  s t u d i e s  f o r  f l i g h t  p r o j e c t s  such as S u p e r c r i t i c a l  Wing, Jet 
Transport:, Airborne Simulator ,  and General Aviation. 

S i g n i f i c a n t  

Addi t iona l  new requirements inc lude  
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I n  FY 1969, FRC i s  planning t o  i n s t a l l  a SIGMA V computer as p a r t  of t he  
r ada r  range t r ack ing  f a c i l i t i e s  f o r  rea l - t ime d a t a  a c q u i s i t i o n  purposes,  
and t o  upgrade t h e i r  SEL 810-1 computer wi th  a more powerful SEL 810-B c e n t r a l  
processing u n i t .  

Langley Research Center  - 
Langley Kesearch Center  is conso l ida t ing  a major p a r t  of t h e i r  ADP work- 

load onto  one c e n t r a l  computer system complex. The system w a s  designed t o  
provide a powerful,  c e n t r a l  computation c a p a b i l i t y  wi th  a f l e x i b l e  input /output  
i n t e rconnec t ion  f o r  d i r e c t  access from s e v e r a l  of t h e  research  and t e s t i n g  
f a c i l i t i e s .  A CDC 6400 and t h r e e  CDC 6600 computers are i n s t a l l e d  and are 
d i r e c t l y  in te rconnec ted  wi th  d a t a  ce l l  d r i v e s  t o  provide a l a r g e  bulk da t a  
s to rage .  Pre l iminary  in t e rconnec t ions  have been completed f o r  i n t e r f a c i n g  the  
equipment f o r  real-time d i g i t a l  s imula t ion  a p p l i c a t i o n s ,  f o r  on-l ine d a t a  re- 
duc t ion  a p p l i c a t i o n s ,  and f o r  connect ion of t he  remote access  te rmina ls  loca ted  
i n  t h e  r e sea rch  l a b o r a t o r i e s .  

A l a r g e  p a r t  of t h e  genera l  purpose d i g i t a l  computing requirement is  f o r  
a n a l y t i c a l  r e sea rch ,  and inc ludes  s t u d i e s  of s t r u c t u r e s ,  aerodynamics, thermal 
a n a l y s i s ,  dynamic loads ,  and systems a n a l y s i s .  Also of major s i g n i f i c a n c e  is  
real-time s imula t ion  i n  support  of aerospace f l i g h t  r e sea rch ,  r equ i r ing  the  
p r e c i s i o n ,  f l e x i b i l i t y  and high speeds t h a t  can b e s t  be  provided through d i g i t a l  
s imu la t ion  techniques.  Appl ica t ions  inc lude  genera l  research  on a i r c r a f t  
ope ra t ing  problems, rendezvous, e x t r a  veh icu la r  s t u d i e s ,  and space veh ic l e  
c o n t r o l ,  as w e l l  as suppor t  t o  F M  €or  g l i d e  s l o p e  s t u d i e s  and a i r  t r a f f i c  
c o n t r o l .  
capac i ty  magnetic co re  memory t o  provide f o r  incorpora t ing  the  four  CDC com- 
p u t e r s  i n t o  a s i n g l e  i n t e g r a t e d  computer complex. It is expected a l s o  t h a t  
a d d i t i o n a l  p e r i p h e r a l  equipment w i l l  be i n s t a l l e d  t o  meet new requirements 
r e s u l t i n g  from changing program techniques ,  and new a p p l i c a t i o n s .  During FY 
1970, a CDC 7600 computer system is t o  be i n s t a l l e d  i n  the  c e n t r a l  computer 
complex and t h e  interim leased  CDC 6600 now i n s t a l l e d  will be r e l eased .  Four 
s p e c i a l  purpose computers w i l l  he  i n s t a l l e d  during Fy 1969 f o r  on- l ine ,  real- 
time data a c q u i s i t i o n ,  and f o r  experiment c o n t r o l  a p p l i c a t i o n s .  

During FY 1969, p lans  provide f o r  t h e  i n s t a l l a t i o n  of a l a r g e  

L e w i s  Research Center 

Lewis  Research Center's ADP requirements are about evenly d iv ided  between 
d a t a  reduct ion  and s c i e n t i f i c / e n g i n e e r i n g  computations. The Center is im- 
plementing a c e n t r a l i z e d  d a t a  c o l l e c t i o n  system t o  provide f o r  a more e f f i c i e n t  
d a t a  flow from t h e  t e s t i n g  f a c i l i t i e s  to  the  c e n t r a l  d a t a  processing f a c i l i t i e s .  
The d a t a  reduct ion  workload w i l l  i nc rease  s l i g h t l y  over  t h e  c u r r e n t  r equ i r e -  
ment dur ing  t h e  next year .  

Thc Center has  no plans f o r  a d d i t i o n a l  gene ra l  purpose computer a c t i o n s  
dur ing  FY 1969 o r  J?Y 1970. 
t h r e e  s h i f t s  pe r  day and c u r r e n t  planning i n d i c a t e s  a cont inuing requirement a t  
t h i s  l e v e l .  

P r e s e n t l y  i n s t a l l e d  equipment ope ra t e s  approximately 
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Computer a p p l i c a t i o n s  inc lude  hea t  t r a n s f e r  c a l c u l a t i o n s ,  t r a j ac to r ' y  c a l -  
c u l a t i o n s ,  and o t h e r  elements r e l a t e d  t o  engine systems and performancc during 
a l l  f l i g h t  phases. 
research  t h a t  spans a w€de temperature range from cryogenic  temperatur~zs of 
l i q u i d  gases t o  t h e  high temperatures  encountered i n  rocke t  nozzles .  

I n  a d d i t i o n ,  mathematical models are emnloyed f o r  inaterials 

L e w i s  is i n s t a l l i n g  a c e n t r a l i z e d  d a t a  c o l l e c t i o n  network through iqter-  
connection of t he  research  t e s t i n g  f a c i l i t € e s  wi th  the  c e n t r a l  computer 
systems. The t i m e  shar ing  f e a t u r e s  of the IRM 360/67 can be u t i l i z e d  to  
e f f i c i e n t l y  scsrvice t h e  many experimental  and test  f a c i l i t i e s  which o ther -  
wise would have t o  be supported by s e v e r a l  s m a l l  dedicated computers. How- 
eve r ,  t h r e e  s p e c i a l  purpose computers w i l l  be  i n s t a l l e d  dur ing  FY 1969 wi th  
d i r e c t  in te rconnec t ion  t o  the  research  and t e s t  f a c i l i t i e s  t o  complement 
t h e  t i m e  sha r i  ng sys  t e m .  

The Space Nuclear Propuls ion Of f i ce  i s  eva lua t ing  t h e  f e a s i b i l t t y  of  
rep lac ing  o r  augmenting the  p re sen t  computer system during l a t e  F? 1969 o r  
FY 1970. SNPC, i s  using a CDC 3200 computer loca ted  a t  t h e  Nuclear Rocket 
Development S t a t i o n  (NRDS) f o r  nuc lear  engine systems t e s t  monl to r inr ,  and 
d i sp lay  of t e s t  progress  based on quick a n a l y s i s ,  t es t  d a t a  reduct ion ,  
engtneer ing s t u d i e s ,  and bus iness  suppor t  opera t ions .  The c e n t r a l  com- 
pu te r  is a l s o  used t o  maintain a l a r g e  inventory of d a t a  and t o  c o n t r o l  
channels from t h e i r  t e s t i n g  f a c i l i t i e s ,  and f o r  s c i e n t i f i c  and enqineer ing 
work i n c l u d i n ~ ;  computations in f l u i d  dynam-lcs, r e a c t o r  decav h e a t ,  fue l  
element weizht .  l o s s ,  and r a d i a t i o n  dose p red ic t ions .  

General da t a processing requirements a t  Headquarters are provided b y  two 
I R Y  1410 computers managed bv t he  Yanagement Sys t e m s  Div is ion ,  r e z e n t l y  re- 
organized under t h e  Off ice  of Technology U t i l i z a t i o n .  Primary ap? l i ca t ions  
include F inanc ia l  Accountin?, S t a t u s  of Cont rac ts  and Grants ,  Personnel 
and Payro l l .  The S c i e n t i f i c  and Technical  Information F a c i l i t y  (STIF) ,  
a l s o  operated by t h e  Off ice  of Technology U t i l i z a t i o n ,  i s  supported by an 
I B Y  360/110 ard IBM 1401 located a t  College Park,  Maryland. The a w l i c a t i o n  
is p r imar i ly  t h a t  of information r e t r i e v a l  of s c i e n t i f i c  r e p o r t s  snd research  
programs. There has been a s teady  inc rease  i n  both t h e  general  d a t a  processin:  
and information r e t r i e v a l  areas i n  r ecen t  years  which is  expected to cont inue.  
An expansion of t he  STIF c a l l s  f o r  d i r e c t  CRT l i n k s  with each NASA i n s t a l l a t € o n .  
When operat ic inal ,  t h i s  system w i l l  a l s o  be used by OART t o  re t r ieve d a t a  for 
management ant1 eva lua t ion  of research  and t echn ica l  programs. 

An excess I:BM 360/50 computer a t  MSC i s  being considered f o r  t r a n s f e r  t o  
t h e  Headquarters. S c i e n t i f i c  and Technical  Information F a c i l i t y  t o  upgrade 
t h e  I B M  360/40 system. 
t h e  genera l  bus iness  a p p l i c a t i o n s  workload which now s a t u r a t e s  t h e  1410's .  
The sh i f t :  of equipment would r e q u i r e  l i t t l e  sof tware modi f ica t ion  s i n c e  1410 
programs can he processed by t h e  360 i n  emulation mode: and t h i s  augmentation 
would provide Headquarters with s u f f i c i e n t  computer capac i ty  through FY 1970. 

The IBM 360/40 would then be used t o  accommodate 
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