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XATXON AL AEROXAUTXCS AlVD SPACE ADMINISTRATION 
AUTHORIZATION ACT, FISCAL YEAR 1988 

ZULY 7, is61 --I;ommltteo to tne Lommittee of the Whole House on the State ot the 
Union and ordered to be printed 

Mr. ROE, from the Committee on Science, Space, and Technology, 
submitted the following 

R E P O R T  

together with 

SUPPLEMENTAL, MINORITY AND ADDITIONAL VIEWS 

[To accompany H.R. 27821 

[Including cost estimate of the Congressional Budget Office] 

The Committee on Science, Space, and Technology, to whom was 
referred the bill (H.R. 2782) to authorize appropriations to the Na- 
tional Aeronautics and Space Administration for research and de- 
velopment; space flight, control and data communications; con- 
struction of facilities; and research and program managemenk and 
for other purposes, having considered the same, report favorably 
thereon with an amendment and recommend that the bill as 
amended do pass. 

The amendment (stated in terms of the page and line numbers of 
the introduced bill) is as follcws, 

Page 17, line 23, strike “or” where it first appears and insert 
“if ’. 

PURPOSE OF THE BILL 

TITLE I 
 he purpose of titie I IS to authonze appropriations to the Na- 

tional Aeronautics and Space Administration for fiscal year 1988 as 
follows: 

-. 

1 Estimated 1 Authorization 
~ fxalyear 1987 I fmlyear  1988 1 ??? Programs 

I 

Research and development ............................ 

cations ............................................................ 
Construction of facilities ................................ 
Research and program management 

Space flight, control and data communi- 

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

30 

193 
224 
236 

‘ The estimated fiscal year I987 dah u d  in this table and throughout this report are given 
for comparison purposes. Actual fiscal year 19x7 spending will differ slightly from these data. 

TITLE I1 
The purpose of Title I1 is to authorize the development, construc- 

tion, operation, and use of a permanently manned Space Station. It 
authorizes the construction of the Space Station, prioritizes its 
major uses, requires its development and operation to support and 
not infringe on other science and space activity, requires the devel- 
opment of advanced technologies to enhance its operations, r e  
quires appropriate use and support by the private sector, and r e  
quires the promotion of international cooperation in the develop 
ment, construction and operations of the Space Station. 

Title I1 also authorizes a Space Station capital development for 
the fiscal year 1988 through 1995 and requires that the amount r e  
quested by the President for Space Station development shall not 
exceed 25 percent of the total NASA budget for any year. It also 
requires the Administrator to provide yearly reports to Congress 
certifying compliance with provisions of this section. 

Section 203 limits the funding authorized for operation and en- 
hancement of the Space Station after it is developed to no more 
than 10 percent of the NASA budget for any year. It authorizes the 
Administrator to separately request additional funds necessary for 
utilization of the Space Station pursuant to policies set forth in sec- 
tion 201. 

Section 204 requires the launching and servicing of the Space 
Station to be carried out by the most cost-effective use of both the 
Space Shuttle and expendable launch vehicles and requires the Ad- 
ministrator to submit a report on the cost-effective use of space 
transportation systems by January 15, 1988. 

Sections 205 and 206 require the assessment of and collection of 

Station. Section 207 requires the Administrator to submit to the 
President and the Congress by January 15, 1988, a detailed plan for 
the development, operations, and utilization of the Space Station 
pursuant, to t,he provisions of this Act. 

certzir? c2pacitg charges alld fees fer nen=??PxS?? users of the Space 
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Section 208 requires that no agreement between the United 
States and any foreign entities involving the detailed design, devel- 
opment, construction, operation or use of the Space Station may be 
effected until a period of 30 days during which the House or Senate 
is in session has passed after the proposed agreement has been sub- 
mitted to the Congress. 

AMENDMENT 

SECTION 201 tb) 
H.R. 2782, as introduced, prohibited the use of the Space Station 

by or on behalf of any department or agency for the conduct on the 
Space Station of the operational testing or deployment of any of- 
fensive or defensive weapon or weapons system or in contravention 
of United States laws or treaty obligations. The Committee recom- 
mends an amendment to this language which changes the world 
“or” before the last clasue of “if ’. This change limits the prohibi- 

EXPLANATION OF THE BILL 
Trm I-NASA AUTHORIZATION 

Title I provides authorization of appropriations for the National 
Aeronautics and Space Administration for fiscal year 1988 (ex- 
plained in the chart below) and related provisions. 

Sections 101 (a), (b), (c), and (d) contain authorization levels for 
NASA programs for fd year 1988, which are reflected m the 
chart below. 

FISCAL YEAR 1988 NASA AUTHORIZATION 

SUMMARY 

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

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

....................................................... 
on ................................................... 

....................... 
Transatmospheric research and techirology .................................... 
Space research and technology ........................................................... 
Safety, reliability and quality aesurance .......................................... 
Racking and data advanced systems ............................................... - 

A”thW&lItO” 
f-1 por 1988 

$767,000,000 
538,600,000 
577,100,000 
74,600.000 
342,300,000 
604,300,000 
18,300,000 
30,700,000 
399,000,000 
66,000,000 
250,000,000 
16,200.000 
13.100,000 . .  

Subtotal, Research & Development ............................................... 3,697,200,000 

Space flight, control and data communications: 
Space Shuttle production and operational capability .................... 1,174,600,000 
Space Shuttle operations ........... 1 ....................... 1 ................................. 1,885,800,000 

60,000,000 
913,900,000 

4,034,300,000 

Expendable launch vehicle operations .............................................. 
Space and ground network, communications. and data ~ y ~ t e m ~ .  

Subtotal Space Flight, Control and Data Communications ...... 
Construction of facilities: 

Construction of U: 39 Operations Support Building, Kennedy 
Space Center ...................................................................................... 

Construction of Spacecraft Systems Development and Integra- 
tion Facility, Cddard  Spa& F1‘ ht  Centei .......................... : ...... 

Modifications for utility reliab%ty, Goddanl Space Flight 
Center ................................................................................. 

Construction of Test Facility, Dryden F 
search Center .. .............................................................. 

Modifications to Ropulsion Facility for Vacuum 
Systems. Langl Center ................. ...... 

Construction of addition to the Research ter. 
Lewis Research Center ..................................................................... 

Modifications for Fan/Comp-r Research, Engine Research 
Building, Lewis Research Cente ...................... 

Construction of Communications ten 
stone, California, Jet  Propulsion Laboratories .... ~ ..... 

Re ir of facilities at various locations, not ,in excess of H);150 000 r project (or not in excess of such hlgher amount 
up &J $2,&,000, in the case of any particular project. as the 
Administrator may find to be required by specla1 circum- 
stances) ................................................................................................ 

22,800,000 

8,600,000 

2,900,000 

10,500,000 

3,100,000 

9,800,000 

6,500,000 

6,400,000 

25,000.000 
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ations require otherwise, a contract concerns a product that will be 
com letely assembled in the United States, when completely as- 
semiled, not less than 50 percent of the final product will be d e  
mestically produced; and the difference between foreign and domes- 
tic bids is not more than 5 percent. The Administrator shall report 
to Congress on contracts entered into with foreign entities during 

Section 107 states the sense of the Congress that the S ace Shut- 
tle is a critical national resource that should be preservJ  and used 
primarily for missions requiring manned presence. To complement 
the Space Shuttle, a diversified family of expendable launch vehi- 
cles should be incorporated by u8e into the Nation's civilian space 
flight program. The bill directs the Administrator to establish a 
program for launching pa loads by means of expendable launch v e  
hicles, and, if available, i y  commercial launch services. The Ad- 
ministrator is directed to take the steps necessa to ensure that 
certain payloads are launched according to schedxed launch dates, 
including the Mars Observer, in 1992; Roentgen Satellite (ROSAT), 
in 1990; Tracking and Data Relay Satellite ORSkF, or a 1an.e 
tary mission, in 1991; and Extreme Ultraviolet Explorer (E&), m 
1991. Expendable launch vehicles will carry the aforemenboned 
payloads, and the Administrator is directed to obtain the vehicles, 
or commercial launch services, in order to meet the launch sched- 
ules identified herein. A report on the actions taken to carry out 
this section shall be submitted to Congress by October 1, 1987. A 
minimum of $60,000,000 is authorized in section 101(b) to carry out 
this section. 

Section 108 reco izes and protects the national capital invest- 
ment in space sateKtes and vehicles through the establishment of 
a s stem of servicing, rehabilitation and repair capabilities in orbit. 

!he Committee's view toward satellite servicing is 9 a c~t-effec- 
tive and economic approach to extending our operations m space. 
Thus the merits of satellite servicing would be judged according to 
the comparable cost of the servicing operations versus the cost of 
building and launching expendable satellites. The Committee envi- 
sions that this servicing concept may become most cost effective 
when permanent presence and hardware basing in space is 
achieved. 

The Administrator is required to conduct a study on satellite 
servicing capability and present the report to Congress by January 
15,1988 

Section 109 directa the Administrator to review the findings and 
recommendations of the National Commission on Space and to rec- 
ommend, within 60 days after enactment, a long range implemen- 
tation plan. 

the Solid Rocket Motor roject by undertaking the competitive 
d e s y  and develo ment ofan  Advanced.Solid Rocket Motor (SRM). 
In t e event N d A  does not proceed wth a n  Advanced SRM, the 
Administrator is directed either to conduct a competition to select 
a ualified second source of supply for flight sets of the redesigned 
S& current1 under development, or to recompete the current 
source of su pfy for flight sets of,the redesigned SRM. The Admin- 
istrator is Prected to consult w t h  the Comptroller General con- 

yea= IW3-I987 hv Janmary IF;, 19x8 

c&tion 116 GI&-& tkie Admin~.ia&Gi AG LiStiti;'& coliipk;t;oii Li 

cerning the competition. The Committee intends that NASA carry 
out this section in accordance with general procurement law. 

require that the position of Administrator and Deputy Administra- 
tor not be simultaneously occupied by retired commissioned officers 
of the armed forces unless a period of ten years have passed since 
active ciuty. 

Section 112 directs the Administrator to keep the Congress fully 
informed with respect to all activities of the Administration. 

.*t,ior! I1  1 emends the Net,ione! Aeronal2t.ics and Space Act to 

TITLE 11: SPACE STATION 
The Committee adopted title I1 of the bill to establish policy and 

specific guidelines for the Space Station program. In this part of 
the bill policies, and priorities for the development, construction, 
operation and use of the Space Station are established. 

SECTION 201: CONSTRUCTION OF SPACE STATION; DECLARATION OF 
POLICY 

Section 201(a) sets forth the priority of purposes for the Space 
Station. This priority establishes science as the highest priority ob- 
jective. The design and configuration should reflect these priorities. 

Section 201W emphasizes the research character of the Space 
Station by specifically providing that the Space Station may be 
used for research, experimentation and exploratory development. 
The Committee has further provided that the Space Station may 
not be used by or on behalf of any department or agency for the 
purpose of conducting on such Station the operational testing of de- 
ployment of any offensive or defensive weapon or weapons systems 
if in contravention of United States laws or treaty obligations. 

Section 201(c) expresses the principle that other science and 
space activities must remain healthy and retain their program in- 
tegrity during the development and operation of the Space Station. 
The Committee intends that science and engineering programs 
should remain funded at an appropriate level and they should uti- 
lize or interact with the Space Station only if technically justified. 

Section 201(d) encourages the Administration to undertake ad- 
vanced technologies such as automation with the objective of reduc- 
ing the cost of operating the Space Station. 

Section 201(e) directs the Administrator to seek private commer- 
cial contributions to the Space Station infrastructure. These contri- 
butions may encompass both construction and operation of appre  
priate hardware elements. The Committee intends that the Admin- 
istration assume an active role in identifying and soliciting such 
contributions. 

Section 201(D recognizes the important role of the Space Station 
in securing cooperative relationships with international partners. 

conjunction with international partners. 
Section 201(g) recognizes that the evolutionary character of the 

Space Station must be a prime. design objective. 

mr- A A - : - : - L - L - - : -  a : - - - A - J  A- J --.- I - -  --J -----A- LL- OL-L: - -  . ~ i i c  nuiiiiiiwciawi ID uiiaffiu w ucveiup iluu uptxaffi ci ie  m a b i u i i  iii 
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SECIION 202: CAPITAL DEVELOPMENT P R O O W  

Section 202(a) requires the Administrator to submit budget re- 
quests each fiscal year for the development phase of the Space Sta- 
tion from fiscal year 1988 through fiscal year 1997. Each budget re- 
quest must be accompanied by budget estimates for the next $wo 
fiscal years. The Committee intends that the development phase 80 
defined include as a minimum, achievement of a permanent 
manned capability. Enhancements beyond this, either during the 
development operations phase, should remain as a program goal. 

Section 2026) requires that the annual request for the total 
Space Station development (as defined in Section 202(c)) not exceed 
25 percent of the total NASA budget. This budgetary ceiling is en- 
visioned to permit the achievement of a permanently manned in- 
frastructure by 1997 within a reasonable projection of the NASA 
budget while at the same time preserving funding “wedges” in 
other essential space activities. In other words this provision is one 
means for achieving the policy goals of Section 201(c). 

Section 202(c) defines the scope of the development program for 
the purpose of this title. Development includes but is not limited to 
the research and development activities associated with the space 
and ground systems and collateral equipment (e.g., flight Flerobo- 
tic servicer, operations and transition definition) and all dlrect ex- 
penses for Space Flight Control and Data Communications, Con- 
struction of Facilities and Research and Program Management. 
These direct expenses are intended to include marginal costs of 
transportation and tracking and data services, launch facilities, 
payload processing facilities, simulator facilities, and all other ena- 
bling facilities including their collateral equipment, and all labora- 
tory and technical services provided by NASA Centers. 

Section 202(d) requires the Administrator to certify compliance 
(i.e., account for all station costs) with Section 202W using the spe- 
cial accounting definitions provided by subsection (c). This certifica- 
tion is intended to substitute for and preclude the need for any 
formal restructuring of the normal NASA budget submittal that 
would otherwise be required by subsection (b) and (c). 

SECIlON 203: OPERATION AND ENHANCEMENT 

Section 203(a) requires that the annual budget submission after 
FY 1997 for the basic operation and enhancement of the Station 
and its associated ground systems not exceed 10 percent of the total 
NASA budget. The Committee envisions that, by specifj4ng such an 
operations cost target, Station planners can more clearly define the 
cost effectiveness of specific technologies and weigh their develop 
ment costs against their operations costs and cost savings. 

Section 203(b) permits additional expenditufes (beyond the basic 
operating costs which are provided for in Section 203(a)) for utlllza- 
tion of the Space Station. The Committee further intends that 
these utilization expenditures such as for flight hardware, oper- 
ation of the experiments, data transmission costs, be justified in 
programmatic terms. For example, if the Station is to be used as a 
platform for a particular science experiment, this use and the asso- 
ciated costs must be justified in terms of the science programs, not 

the Station program. Similarly, the costs must be carried in the 
budget request of the science program, and authorized accordingly. 

Section 203(c) and 203(d) define, respectively, the scope of the o p  
erations costs and enhancement costs for the purposes of this title. 
These include all direct expenses such as marginal transportation 
costs, all ground facility operating costs, all marginal tracking and 
data transmission costs, and all hardware, software, and facility 
improvements and all other identifiable associated costs. 

In adopting this section, the Committee fully recongizes that this 
limitation may pose a challenge to NASA, especially if large scale 
enhancements are envisioned early in the operations phase. The 
Committee envisions four ways under which enhancements can be 
accomplished. 

First, overall growth in the NASA budget will result in benefits 
to all NASA programs including the proportional amount for Space 
Station. 

Second, NASA can reduce operations costs and thereby divert 
relatively more toward enhancements. 

Third, NASA can collect user fees under section 206 and utilize 
these for enhancements resulting in a demand driven system. 

Fourth, NASA can submit additional requests for specific en- 
hancements (e.g., for a major Mars mission) that do not have the 
potential to attract user fees. 

The reduction in operation costs should be a major design objec- 
tive of the Station. Although the Committee is aware of some hard- 
ware programs, such as solar dynamic power, that are specifically 
intended to accomplish this goal, there is no cost framework where- 
by systematic trade studies can be made and some cost reducing 
technologies are not receiving proper emphasis. For example, the 
General Accounting Office, in the report entitled “Space Oper- 
ations: NASA’s Use of Information Technology,” stated: 

NASA may soon be making important tradeoff decisions 
that could significantly affect the cost and operation capa- 
bilities of the station, possibly for its estimated life span of 
30 years. In light of the large investment that the Space 
Station will likely require, NASA and the Committee may 
wish to consider addressing several key questions, includ- 
ing: 

If NASA remains committed to its cost and time- 
frame goals for designing and developing the station, 
will it have to use a “minimal risk approach,” which 
would involve, in large part, the use of existing tech- 
nologies for most station systems? 

If a minimal risk approach is taken, will this force 
NASA to rely primarily on proven, existing informa- 
tion technology that may be seriously outdated by the 
time the station is placed in operation? 

Will NASA be incurring the risk of building a less 
effective station with excessive operating costs a n  ex- 
tensive dependence on ground station for its long life? 
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SECTION 204: LAUNCH OF SPACE STATION ELEMENTS 

Section 2041al expresses the sense of Congress that the Space Sta- 
tion assembly and operation should be based on the most cost effec- 
tive system available considering both the Space Shuttle and ex- 
pendable launch vehicles (ELV's). 

Skiion 2G.i(?ii requires a reyori on c w i  aKwiive iauncii systems 
by January 15, 1988. The report should address existing ELV's, 
future ELV's now under consideration for development and the r e  
quirements for Shuttle services for other programs and users. 

The Committee intends that particular attention be paid to the 
role of heavy lift vehicles and the relative advantages of a Shuttle 
derived vehicle and an advanced launch system. Inasmuch as 
NASA's current program commitments primarily address only the 
advanced launch system, the Committee will entertain reprogram- 
ming requests if additional funds are required to study Shuttle de- 
rived vehicle technologies for the purposes of this section. The 
Committee believes that any study assessing the mission and 
merits of a Shuttle derived vehicle include participatior by the De- 
partment of Defense in the same manner as NASA now partici- 
pates in studies of the advanced launch system. In addition to the 
launch of Space Station elements, this study should address the 
broader uses of the Shuttle derived vehicle in cooperation with or 
independent of the Department of Defense. 

SECTION 205: CAPACITY CHARGES TO OTHER FEDERAL AGENCIES 
DESIRING TO ENHANCE THE SPACE STATION 

Section 205 requires the Administrator to assess charges against 
non-NASA users if such users wish to make specific enhancements 
to the Station in order to fulfill their utilization requirements. 
These charges are exclusive of the user fees of Section 206 which 
are incurred as a result of sharing power, astronaut services, and 
other common commodities. Funds transferred pursuant to the as- 
sessment are to be used to construct the desired capacity. 

SECTION 206: NON-NASA USER FEES 

Section 206(a) requires the Administrator to collect user fees 
from all non-NASA users of the Station. 

Section 2066) establishes the objective for user fees as promotion 
of the Station, costs recovery, and efficient allocation of resources. 
"he Committee intends that user fees be indexed to a realistic ecw 
nomic valuation which reflects the costs of deploying and maintain- 
ing these resources. 

modify user fees on a case-bycase basis when such waiver or modi- 
fication will advance the purposes of the civilian space program. 

&tiOii 2gG(c) g-iv6 itle ~ ~ i l i ; i l ~ ~ i a L w i  aiit>'oiitj. -*a;7e 

SECTION 207: SUBMISSION OF PLAN 

Section 207(a) requires the submission of a report which outlines 
the total cost of Station development, a review of the possible con- 
figurations of the Space Station, and a plan for collecting capacity 
charges and user fees. 

Section- 2076) restricts the obligation of any funds in excess of 
$Z50,000,000 until the report in subsection (a) is submitted. This 
allows about one-third of the funds to be obligated in the one-third 
of a year that will pass before the report is submitted. 

&iU- 
ary 15, 1988. 

*tic)= 2?W7) s..s the rep&.til?g &k fGi gibwtioz (6) 

SECTION 208: AGREEMENTS WITH FOREIGN ENTPI?ES 

Section 208 requires that any agreements with foreign entities be 
submitted to Congress before they become effective. 
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COMMITTEE VIEWS 

SCIENCE ON THE SPACE STATION 
The Committee is not satisfied that NASA is fully addressing the 

issue of science utilization of the Space Station. It is clear from the 
report of the Space and Earth Sciences Advisory Committee 
(SESAC) entitled “Crisis in the Space and Earth Sciences” that sci- 
ence objectives should determine the use of any particular platform 
selection. The Committee is thus disturbed by the widespread ap  
prehension in the science community that science may be forced in- 
appropriately onto the Station in order to justify its existence. The 
Committee intends to ensure that the proper balance among sci- 
ence programs is maintained and the Shuttle and Station are uti- 
lized only when appropriate. 

On the other hand, the Station will have some inherently benefi- 
cial characteristics for the conduct of “man-in-theloop” science. It 
is incumbent on the science community to continue to make an 
input to the design process and make good use of the research o p  
portunities that will result. The Committee recognizes that the d e  
velopment of a meaningful science mission model has been made 
difficult by recent events. The Challenger accident and the result- 
ing constraints on the Shuttle schedule and performance have 
vastly reduced the opportunity to define meaningful research p r e  
grams in materials science and life science, the two prime utiliza- 
tion categories for the manned element. The role of satellite seMc- 
ing is now illdefined. In addition, a favorable environment for at- 
tached payloads will evidently not occur until the final stages of as- 
sembly. Finally, the uncertainty in the West Coast Shuttle capabil- 
ity may require a fundamental reassessment of the approach to 
servicing the polar platforms. 

Notwithstanding these difficulties the Committee believes that 
all feasible steps should be taken to develop the science mission of 
the Station. As a minimum, the following should be undertaken: 

NASA should take positive steps toward acquiring an ex- 
tended duration capability Orbiter as recommended by the 
Task Force on the Scientific uses of the Space Station. 

Announcements of opportunity should be issued for various 
classes of experiments within the pressurized volume and for 
attached payloads as soon as the availability and technical 
characteristic of these opportunities can be baselined. 

A prioritization of specific materials science and life science 
activities should be developed such that meaningful planning 
of resources aboard the manned element can be facilitated. 

An organizational focal point within the Office of Space Sci- 
ence and Applications should be established to integrate the 
needs of the various science disciplines and develop a unified 
science utilization plan. 

NASA should commit to a Science Applications Information 
System and the interface with this system should be an explic- 
it part of the design baseline. 

NASA should establish science test beds to develop expert 
systems, teleoperation, and robotic capabilities. These should 

emphasize science disciplines most in need of automated tect~ 
nologies such as materials science. 

The Committee requests that NASA keep the Committee in- 
formed on the progress toward satisfying these recommendations. 

CRISIS IN SPACE AND EARTH SCIENCE 
The combined effects of the loss of the Challenger, the two hiatus 

in flight opportunities, and the cancellation of the Shuttle Centaur 
program have resulted in a n  unprecedented loss of vitality in the 
space and earth sciences. NASA has been unable to fulfill some of 
the basic mandates embodied in the National Aeronautics and 
Space Act. 

It is clear, however, that the crisis in space and earth science 
that was brought to light by these events had been developing long 
before the Challenger accident and was rooted in management and 
budgetary decisions over the past decade. 

The November 1986 report by the NASA Advisory Council enti- 
tled “The Crisis in Space and Earth Sciences” has provided a 
meaningful context for the new commitment that will be required 
to revitalize NASA’s science program. This report makes four gen- 
eral recommendations intended to provide long term stability for 
the space and earth science community and foster those conditions 
which have in the past led to great achievements in science. 

1. The Space and Earth Science Program must continue to 
incorporate a diverse range of activities, participants and fa- 
cilities. 

2. The scientific requirements of a particular mission must 
be the dominant factor in selecting the launch vehicle, instru- 
ments and spacecraft to be employed. 

3. All aspects of the Space and Earth Science Program, and 
their total requirements for resources must ,be thoroughly and 
realistically understood through rigorous planning. 

4. Carefully specified criteria must be used in setting prior- 
ities and deciding among proposed major space research 
prajects and missions. 

Underlying these recommendations, it is clear that NASA’s com- 
mitment to research and development must be cast in terms of sci- 
entific objectives rather than the need to justify institutional initia- 
tives or hardware programs. 

The Committee requests that by October 1, 1987, NASA prepare 
a comprehensive report in response to the recommendations made 
by the NASA Advisory Council. The Committee expects this report 
to form the seminal basis for the agency’s new commitment to its 
fundamental science mandate. 

SMALL PAYLOAD OPPORTUNITIES 
A continuing concern to the Committee has been the adequacy of 

flight opportunities for small and medium class science payloads. 
This situation, which existed prior to the Challenger accident, has 
become intolerable in the post-Challenger environment. The Com- 
mittee has, therefore, augmented the Explorer program to encour- 
age more frequent flight opportunities in this payload class. 



The Committee fully recognizes that this problem has resulted 
from a number of factors some of which are difficult to control. It 
is ciear that the promise of frequeni smaii payiuad opportiiiiities 
on the Shuttle may never be fulfilled. Like the Spacelab program, 
usem of Spartan, Hitchhiker, and other Shuttlebased small pay- 
!nad rnrriprn will face increasingly severe performance and sched- 
ule constraints. It is evident that E m ’ s  and suborbital programs 
must play a much greater role in the future. 

There are, however, institutional and management factors that 
have also played a role in limiting small and medium class payload 
opportunities. The perceived lack of engineering challenge in devel- 
oping and flying many small payloads may present a n  inherent 
bias against such programs. Yet, the cost effectiveness and scientif- 
ic return from satellites such as the Infrared Astronomy Satellite 
(IRAS) and International Ultraviolet Explorer (IUE) have been 
hallmarks in NASA’s heritage and it is essential that NASA con- 
tinue to solicit proposals for scientific programs in this payload 
class. 

In soliciting proposals for these scientific programs, however, 
NASA must carefully lay out cost and flight opportunity factors. A 
key element in the stress which now characterizes the space and 
earth sciences is the inability of NASA to follow through on the 
good ideas which are generated by announcements of opportunity. 
That is, the “Opportunity” being announced must be realistic. All 
too often such announcements of opportunity for both small and 
major flight programs have simply created more pressure for new 
starts and program augmentations that cannot be met within avail- 
able resources. 
As pointed out by the National Academy of Sciences, the NASA 

Advisory Council, and others, the Explorer program is now in criti- 
cal need of management attention. The impact of the Challenger 
accident, the failure of the Explorer funding to keep pace with in- 
flation, and the evolving complexity of Explorer missions have r e  
sulted in a situation which scarely resembles the original goal of 
providing frequent low cost flight opportunities. The Committee r e  
quests that by January 15, 1988, NASA submit a plan which estab 
lishes funding requirements and describes management initiatives 
necessary to provide for an Explorer program baseline of one flight 
per year. 

NASA’s APPLICATIONS MANDATE 
The Committee notes with concern that NASA’s new goals and 

objectives which were intended to set the direction toward recovery 
from the Challenger accident have failed to identify clearly an 
agency mission for space applications. The dual mandate for space 
science and applications had been fundamental to the support Con- 

25 years. For example, the economic stimulus which has resulted 
from NASA’s role in communications research has been one of the 
great succesge~, of our investments in space. Future programs in 
materials science and remote sensing app!ications cou!d yield simi- 
lar benefits. 

@- a i d  the piiblii h e x  gi<m h the space piGgiam C V ~ T  the p ~ t  

The Committee is mindful, however, of the complex relationship 
that exists between the Government and the private sector in car- 
rying out, applications research and development,. The Government, 
can neither compete with the private sector nor perform research 
that might otherwise be done by the private sector. Thus, the a p  
proach to carry out its applications mission must be based on fun- 
damentaiiy different mechanisms t i a n  for scientific research. 
NASA’s focus must be not only on achieving technical results but 
also on achieving technology transfer. The Committee urges NASA 
to exploit fully the authority given it by the Space Act and develop 
legal and institutional mechanisms which can identify appropriate 
applications research activities and interactions with the private 
sector. 

Over the past several years, it has become clear that such appli- 
cations areas as communications research have not been strongly 
supported. If, as has been asserted, the private sector should take 
on a larger burden of this type of research, it is incumbent on 
NASA to actively work with the private seactor to effect a reasona- 
ble and responsible transition. The Committee will not accept 
NASA’s abandonment of these activities as being in the public in- 
terest. The Committee further wishes to make clear that any shift 
to the private sector will be supported only if there is clear and 
convincing evidence that traditional American leadership will be 
assured through industry efforts. 

With respect to the Advanced Communications Technology Satel- 
lite (ACTS) program, the Committee has once again restored funds 
deleted by the Administration. Through its advanced technology, 
the ACTS Program will enable the United States to successfully r e  
spond to the European and Japanese challenge for preeminence in 
the world satellite communications market. In order for the United 
States to meet this competition in a timely way, NASA should 
ensure that ACTS be launched before comparable satellites by 
other countries. The Committee is pleased to note that NASA pro- 
vided additional funds for the program in FY 1987. The Committee 
requests that NASA keep the Committee informed on its progress 
toward this goal and identify to the Committee the specific mission 
schedule. The Committee would state that it will not accept further 
NASA abrogation of agency leadership and responsibility in this 
area. 

In order that the long-range competitive benefits of ACE3 tech- 
nology be disseminated most effectively within the US.  economy, 
NASA should assure that a broad spectrum of US. interests-large 
and small business conerns, universities, and non-profit organza- 
tions-be able to participate costeffectivelp in the experiment ac- 
tivities. This should be accomplished by developing a reasonable 
policy for use of NASA ground stations, the ACTS flight system, 
and basic engineering data. 

CIVIL SPACE TECHNOLOGY INITIATIVE 
The Committee is pleased with NASA’s proposal that the agency 

reinvigorate its Space Research and Technology program by begin- 
ning a Civil Space Technology Initiative. This effort will go a long 
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way to reversing a trend toward erosion and neglect that has con- 
tinued for too long in NASA’s space technology endeavors. 

For more than a decade, the percentage of NASA’s budget that 
has been devoted to the development of advanced space technol- 
ogies has been running at a level that is only about one-third of 
what it was during the 1960s. Though these activities consume only 
a few percent of NASA’s overall budget, they are critically impor- 
tant to maintaining American preeminence in space. Historically, 
these investments have also paid handsome dividends by providing 
technologies that have been useful throughout the economy and in 
keeping U.S. companies competitive in world markets. 

OVIC~SICHT OF SHUTTLE RECOVEBY EPWRT 
The Committee is generally pleased with the overall thrust and 

results of NASA’s Shuttle recovery efforts to date. In our view, the 
agency appears to be dealing in a conscientious manner with the 
concerns raised in the Committee Report, Investigation of the 
Challenger Accident, House Report, No. 99-1016 and the report of 
the Rogers Commission. Nevertheless, the Agency must be aware 
that the Committee is not yet fully satisfied with NASA’s response. 
only with the pmgress to date; and that the Committee wil l  contin- 
ue its close oversight. 

We are particularly pleased with the efforts of the Wice  of 
Safety, Reliabilit , Maintainability, and Quality Assurance to d e  
velop a series o f  “indicatora” of Space Shuttle launch pressure. 
This development is 80 significant because of the conclusion the 
Committee reached as a result of ita accident investigation that the 
driving pressure to achieve an ever increasing Space Shuttle 
launch rate was the ovemding cause of the Challenger accident. 

The Committee plans hearings to closely review and scrutinize 
the work being done by NASA and its contractors to return the 
Shuttle to safe flight operations. 

SPACE SHUTI7.E FLIGHT RATE 

Prior to the Challenger accident, NASA had established a goal to 
increase the number of Space Shuttle flights to 24 per year. The 
high flight rate was viewed as necessary to reduce coets per flight 
and to achieve more routine access to space. The highest Shuttle 
flight rate achieved was 10 for the 12 month period ending just 
pnor to the accident. The 1986 Committee report on the Challenger 
accident, House Report No. 99-1016, concluded that pressure to in- 
crease the Shuttle flight rate was a primary factor contributing to 
the accident. 

The Committee recommends in the strongest possible terms that 
NASA not accord such high priority to Shuttle flight rate in the 
future. The flight rate must be consistent with available resources, 
the technical maturity of the Shuttle, and the flexibility desired in 
scheduling payloads. NASA management should ensure the effi- 
cient use of resources but cannot impose a artificial flight rate on 
the s tem. Future planned flight rates must be derived from a ra- 
tionzanalysis of resources and needs. The flight rate should be d e  
termined from the “bottom up” rather than the “top down.” 

NASA’s written response to the Committee accident report and 
some statements by NASA officials during the fiscal year 1988 
budget authorization hearings indicate that the agency is establish- 
ing a new flight rate goal of 16 flights per year assuming a four 
Orbiter fleet. A recent National Research Council report concluded 
that a maximum steady state launch rate of only 11 to 13 Shuttle 
flights per year (with 4 Orbiters) would be possible, which is incon- 
sistent with the maximum flight rate being planned by NASA. 

The Committee is not trying to decide for the Agency whether 12 
or 16 flights per year is the appropriate flight rate level. That is for 
NASA to determine. Rather, the Committee wishes again to em- 
phasize that Shuttle flight rate must not become a goal in and of 
itself. NASA must derive the Shuttle flight rate by taking into ac- 
count the availability of Shuttle resources, the planned use of ex- 
pendable launch vehicles, and Shuttle-unique payload require- 
ments. The Committee intends to closely monitor this situation 
during the flight recovery period and after flights begin again. 

NASA’s EMPHASIS SHOULD BE ON UNDERSTANDING PHENOMENA 
(RATHER THAN ON PROCEDURES AND PAPERWORK) 

The Committee report on the Challenger accident concluded that 
a fundamental problem contributing to the accident was poor tech- 
nical decisionmaking by top NASA and contractor personnel, who 
failed to act decisively to solve the increasingly apparent and seri- 
ous anomalies in the solid rocket booster joints. In spite of the 
many procedures NASA had developed and implemented to identi- 
fy  potential safety problems, responsible officials did not appear to 
thoroughly understand fundamental physical and engineering phe- 
nomena, which could limit the performance of critical hardware, or 
cause an accident. The Committee cited the need for a more rigor- 
ous risk assessment approach to critical hardware evaluation that 
would result in quantitative predictions of performance character- 
istics and safety margins. A January 1987 letter report of the Na- 
tional Research Council Panel on Redesign of the Space Shuttle 
Solid Rocket Booster reemphasized the need for NASA to ensure a 
better understanding of the basic phenomena governing hardware 
performance. 

Since the accident, NASA has made considerable progress in im- 
plementing new or improved procedures to identify and evaluate 
potential safety problems with critical flight hardware. These pa- 
perwork-intensive procedures must be supplemented by the devel- 
opment of analytical models that will enable an improved under- 
standing of flight system performance characteristics and limita- 
tions. The models should be systematically used to predict the re- 
sults of experimental tests and to analyze flight data. All NASA 
staff  af€iiiated with the Shuttle and other flight programs must 
also develop a more safety-conscious attitude that will help ensure 
that adequate attention is paid to identifying potential safety prob- 
lems and understanding the phenomena underlying those prob 
lems. 

The Committee intends to continue to monitor the progress being 
made by NASA in ensuring a better understanding of the perform- 
ance characteristics and limitations of flight hardware. This issue 
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wil l  be further addressed at future hearings and periodic reviews of 
NASA flight programs and safety, reliability, maintainability and 
quality assurance activities. 

SPACE SHW UTILIZATION POLICY 
The Committee believes that the time is right to begin to read- 

Specifically, in this post-accident environment, how should the 
Shuttle be viewed and what should it be used for? 

Prior to the accident, the Shuttle was viewed by NASA and this 
Committee as the “be all and do all” in y a c e  transportation. 
Indeed, the system was even given the name The National Space 
Transportation System.” Clearly, this is no longer the case. The 
Space Shuttle will be part of a “mixed fleet” of launch system 
within NASA as well as the Defense Department. 

On the other hand, it is not yet clear to all experts just how the 
Space Shuttle should be used in the future. Some have suggested 
that the Shuttle should be flown as much as possible and that ex- 
pendable launch vehicles (ELVs) should then be used to carry pay- 
loads that cannot make it onto the Shuttle manifest. Others have 
recommended that the Shuttle should be used only to carry pay- 
loads that require man and that everything else should be 
launched by ELVs. 

On the basis of the testimony received at committee hearings, it  
is the evolving sense of the Congress that the Space Shuttle is a 
critical national resource that should be preserved for those mis- 
sions that require manned presence and that expendable launch 
vehicles should be used to place most other spacecraft into orbit. 
The only exceptions to this general rule should be when: (1) it 
would be exceedingly expensive to reconfigure a satellite for an 
ELV launch; (2) the spacecraft is so expensive or of such national 
importance that it is imperative to utilize the higher launch reli- 
ability provided by the Space Shuttle; and (3) if a launch accident 
or some other similar event has “grounded” a particular launch ve- 
hicle (or class of vehicles) and it is necessary to use the Space Shut- 
tle as a “backup” launch vehicle to replace the grounded expend- 
able launch vehicle in order to place a high priority payload into 
orbit. 

into an agency policy or definition of what constitutes a xzg 
unique” ayload. Such was a recent recommendation of the Com- 
mercial $pace Transportation Advisory Committee (to the Depart- 
ment of Transportation Office of Commercial Transportation). A 
clear definition by NASA of what constitutes Shuttleunique pay- 
loads qualifying for STS launch would provide valuable guidance to 
the commercial community and asslst in business planning. ‘The 
Committee concurs with the advisory group that NASA take such 
steps to articulate a definition by publishing, for industry com- 
men?, the criteria by ~ ! & h  e x h  detem-$-&inns =re made. 

In a similar vein, serious questions have been raised as to wheth- 
er performance improvements that have been planned for the 
Space Shuttle would be worth either their cost or the potential 
added risk that might pose to the crew. Still other experts have 

&--. b-ic ge& pbA*phy nf the Space Sh=tt!e p%wE, 

Exceptions such as those indicated above could be inc?, 

suggested that for safety reasons consideration should be given to 
significantly lowering the maximum permissible thrust setting for 
the Main Engine (Le., well below the currently planned 104 per- 
cent). Any Changes aiong these iines wouid have significant im- 
pacts on the payload carrying capability of the Space Shuttle, but, 
if ELVs are capable of picking up the slack, such changes may be 
q ~ f p r  end rhpapr in the long run. 

The Committee currently plans to look into these and related 
issues in thorough hearings later in the year. Accordingly, we re- 
quest that NASA begin now to address these issues in a compre 
hensive manner so that the agency wil be prepared to answer the 
Committee’s questions at those hearings. 

UTILIZATION OF ORBITING SHUITLE EXTERNAL TANKS 
The Committee notes that the Space Shuttle External Tank (ET) 

is a potentially valuable resource that should be considered for pos- 
sible space development. Qualified academic research groups could 
be awarded ET resources for space-based research much like the 
land grant concept of the past. Using orbiting ETs, universities 
working cooperatively with industry might be able to increase sci- 
entific research opportunities, expand our Nation’s space infra- 
structure and broaden the spectrum of private space enterprise. 

In response to the Committee’s request in House Authorization 
Report 99-829, NASA has delivered to the Committee a report 
specifying the technical, operational, cost, and safety requirements 
for ET orbit insertion. The NASA report “External Tank Utiliza- 
tion on Orbit” states: “The engineering and operating problems in- 
volved with this objective are basically within the current state-of- 
the-art of Shuttle operations, support system and technology.” The 
report also specifies the impact on Shuttle payload, propellant re- 
quirements for station keeping, requirements for accessibility to or- 
biting ETs, probability of space debris or micrometeoroid damage, 
and NASA’s estimate of the cost of ET modifications and oper- 
ations. The Committee appreciates the delivery of this detailed 
report in response to the Committee’s specific request. 

The Committee is pleased to be informed of progress acheived by 
university groups and NASA in the past year toward realizing the 
potential value of ET resources: (1) The Universty Corporation for 
Atmospheric Research (UCAR), a 25-year old group of 57 universi- 
ties and research institutions, is leading the “Space Phoenix” pro- 
gram to obtain orbiting ETs and develop them for scientific and 
commercial purposes using non-government funds, (2) NASA has 
created a high level committee to work with UCAR on the Space 
Phoenix program; (3) UCAR and the Government are making good 
progress toward an agreement concerning transfer of one ur inore 
ETs to UCAR; (4) NASA is supporting studies of a Gamma Ray Im- 
aging Telescope (GRIT) which could be installed in an orbiting ET; 
(5) Z e r ~  gavi ty  simulntions of GRIT telescope assembly procedures 
are being conducted at the Marshall Space Flight Center; (6) A 
symposium of space scientists has been convened by university 
groups to consider science experiments that can be conducted in 
snd from space using ETs. 



U.S.-U.S.S.R. COOPERATION IN CMLIAN SPACE 
on April 15, 

1987, of a formal agreement between the United f5tates and the 
Soviet Union concerning cooperation in the exploration and use of 
outer space for peaceful purposes. The agreement will facilitate c e  
operative ventures in the fields of space science, including solar 
system exploration, space astronomy and astrophysics, earth sci- 
ence, solar-terrestrial physics and space biology and medicine. 

Following a October 1985 visit to Moscow a t  the invitation of the 
U.S.S.R. Academy of Science, a Committee delegation concluded 
that a formal framework for civilian space cooperation would be a 
desirable means of enhancing space cooperation with the Soviet 
Union . . . “by lending structure for cooperation, strengthening 
channels for communications, and providing leverage for assuring 
a return on the national investment in the relationship” (“Visit to 
Sweden and the Soviet Union,” Report, Committee on Science and 
Technology, Serial I, 1985). The agreement marks a significant step 
toward cooperation. 

In keeping with the spirit of the renewed agreement, the Com- 
mittee would urge NASA to consult with ita NASA Advisory Com- 
mittee on areas identified for coo ration with the U.S.S.R., with 
particular emphasis on Mars expEation. Particular areas of em- 
phasis could include joint calibration of instruments, coordination 
of landing sites, and sharing of data. 

THE INTERNATIONAL GEOSPHERE BIOSPHERE PROGRAM 
The International Geosphere Biosphere Program is a new initia- 

tive in science that will address major environmental problems 
that are common to all who live on the Earth. It will do this by 
taking a bold new approach: harnessing the power of remote sens- 
ing of the Earth from space, the emerging technology of new gen- 
erations of computers to process and comprehend the awesome 
amounts of data that will be involved, and the cooperation and col- 
laboration of many scientific disciplines and the national efforts of 
more than 100 countries of the world. The goal of the program is to 
describe and understand the interactive physical, chemical and b i e  
logical processes that regulate the unique environment that the 
Earth provides for life; the global changes that are now occurring 
in this system; and the role of human actions in perturbing the 
natural balances of the system. The IGBP will begin in earnest in 
1992, and last at least a decade. 

The IGBP was an idea that took shape over the last three years 
in this country through actions in the National Research Council. 
During that time, the Committee had encour ed the idea of an 
IGBP. The critical, international link was f o r g 2  last September in 
Switzerland when the IGBP was unanimously and enthusiastically 
endorsed, after two years of study, by the 21st General Assembly of 
the International Council of Scientific Unions (ImU)) in Berne. 
ICSU is the highest council of science: an international, non-gov- 
ernmental scientific organization whose principal objective is to en- 
cour e international scientific activity for the benefit of human- 
b d % e  United States is represented there by our National Acad- 
emy of Sciences, and by U.S. members of the 20 international sci- 

The Committee notes with approval the signin 
entific unions that are also represented. The IGBP has the poten- 
tial to be the most ambitious, and the most promising, endeavor in 
man’s long history of understanding the planet on which he lives. 

The US. contribution to IGBP will consist of coordinated efforts 
in many federal agencies, under the general rubric of “Global 
Change”. The National Science Foundation has already begun ita 
own, contributing program, called “Global Geosciences” that ties 
together related programs in the biological sciences, atmospheric 
science, oceanography, solid earth studies, and polar programs. The 
NASA Advisory Council commissioned in 1983 a major study of 
“Earth System Sciences” that has provided, and will continue to 
provide, both the intellectual framework and the down-to-earth re- 
quirements of the coordinated programs of measurement and moni- 
toring that will be required. NOAA has now under study a new 
contributing program, called “Global Climate Change”, that would 
make use of the expertise and experience of that agency, focusing 
on changes in the atmosphere and ocean components of the Earth 
system. The Department of Energy is now contemplating ita proper 
role in the effort, as is the Department of Defense, through re 
search activities of the Office of Naval Research. The connection of 
US. programs in Global Change with the ICSU IGBP will be made 
through the National Research Council. In addition there will soon 
be a coordinating mechanism to link the principals involved in all 
the major U.S. scientific agencies who will work on this global pro- 
gram. 

The Committee welcomes this progress and these plans: they tell 
of powerful and altruistic efforts to respond to the challenge of a 
rapidlychanging world, with plans for providing the fundamental 
knowledge that can serve as a basis for assessing likely, future 
changes on the Earth during the next 100 years. 

The Committee urges the National Aeronautics and Space Ad- 
ministration to continue to cooperate fully with other agencies and 
with international activities. The Committee requests to be kept 
fully informed of further progress and new plans. 

PHASE B OF THE ADVANCED SOLID ROCKET MOTOR PROGRAM 
The Administrator shall proceed with Phase B of the advanced 

solid rocket motor rogram as an alternative design and report to 
the Committee on Aience, Space and Technology of the House and 
the Committee on Commerce, Science and Transportation of the 
Senate, the status of the program a t  the time of the submission of 
the 1989 budget request. 

SOLAR SYSTEM PLASMA PHYSICS 
The Committee recognizes and endorses the study of solar s stem 

plasma physics as an important branch of science, concernedrwith 
problems of true intellectual significance that may be studied effec- 
tively in space and whose importance! extends to laboratory physics 
as well as large-scale astrophysics. Proposed i s  an attached payload 
for the Space Station to perform detailed studies of the sun, the 
High Resolution Solar Observatory (HRSO) is of great importance 
to the next generation of solar studies. The Committee notes that 
HRSO would respond to the Committee’s concern expressed in 



Report No. 99-829 accompanying H.R. 5495 that the science objec- 
tive of the cancelled Solar Optical Telescope program be reintre  
d u d .  A descoped version of the KYT, the HRSO will provide 
cient resolution to observe levels in the solar atmosphere ranging 
from the photosphere to the transition region. The critical prob 
lems to be studied include plasma-magnetic field interactions re- 
ioi+xi io ihe wior dynwio w d  siuciies of energy transpork in the 
solar atmosphere. The Committee wishes to encourage NASA to 
pursue studies that will lead to a new start for HRSO in the near 
future. 

F'ROVIDING FOR FUTURE INTERNATIONAL COOPERATION IN MANNED 
SPACEFLIGHT 

With the passage of time, a growing number of nations are con- 
sidering manned spaceflight and the United States and the Soviet 
Union wil l  be conducting manned flights with increasing 
frequency. 

This increasing level of manned spaceflight activity raises the 
issue of whether it would be worthwhile for the United States and 
other nations to begin to design and develop standardized docking 
modules and related equipment so that the manned spacecraft that 
are flown by these nations can rendezvous and dock with each 
other while in space. Such equipment would be required to conduct 
cooperative manned missions involving spacecraft of different coun- 
tries, and could prove invaluable should it ever be necessary to con- 
duct international rescue operations to save the crew onboard a 
crippled manned spacecraft. 

Recognition of the value of standardized docking equipment was 
one of the principal motivations behind the Apollo-hyuz test 
project in 1975. This joint U.S.&viet space mission was intended 
to further the growing detente between the two nations and to 
demonstrate a piece of hardware that could conceivably be used for 
rescue missions. A subsequent cooling in the relations between the 
two super powers, however, brought further pursuit of these en- 
deavors to a n  end. 

The tide in the relationship between the United States e d  the 
Soviet Union again seems to be moving towards a point that it may 
be possible to consider the development of standardized docking 
equipment for use on manned spaceflight systems. Indications of 
this change were apparent during the visit of the Committee to the 
Soviet Union in late 1985. The Committee understands that both 
countries have continued to show interest in cooperative space ven- 
tures in recent bilateral negotiations. 

"he Committee believes that the potential for cooperative 
manned missions invoiving Spacecraft of different countnes 19 an 
important topic that deserves the attention of NASA as it begins 
the development of a permanently manned Space Station. Accord- 
ing!~, t,he Cnmmittee rqgesta  that NASA ~..n.derth!!e B conceptual 
study of the potential uses for, engineering approaches to, and cost 
of a universal docking module that could be employed on the Space 
Station, Space Shuttle, Soviet manned spacecraft, and future 
manned space systems developed by all nations. This report should 
be forwarded to the Congreas by February 15, 1988. 

NASA's PLANETARY EXPLORATION PROGRAM 
A key finding of the 1983 report by the Solar System Exploration 

Committee (SSEC) entitled Planetary Exploration Through the 
Year 2000 was that in order to carry out a robust and continuous 
program of planetary exploration, the cost of individual missions 

ment and technical factors that could be used to control these 
costs. The planetary observer program which embodied these rec- 
ommendations was intended t.o be based on a series of missions uti- 
lizing a continuous line of high-inheritance spacecraft. 

These missions, if carried out on a regular and reliable basis 
would provide a continuum of planetary data that would sustain 
the health of the planetary exploration community. 

The Committee is concerned over NASA"s recent decision to 
delay the first mission in this series, the Mars Observer. There is 
no doubt that the Challenger accident and the resulting budget sit- 
uation has presented a difficult environment for managing a bal- 
anced space science program. The Mars Observer program, howev- 
er, provided an important opportunity for NASA to make a com- 
mitment, not only to a balanced science program, but also to a 
mixed fleet that would ensure stability in our access to space. 

The Committee recommends that NASA should use this two year 
delay in the Mars Observer mission to establish a strong and cost 
effective planetary observer program. Specifically, NASA should: 

1. Begin procurement of an expendable launch vehicle serv- 
ice for the 1992 Mars Observer launch; 

2. Establish a logistics base of spares and spacecraft long 
lead items for the planetary observers; 

3. Maintain adequate funding for the Mars Observer mission 
that will avoid the additional costs of a stretched out program. 

4. Begin a program of ground based simulation for spacecraft 
and science operations to accumulate experience on the assem- 
bled Mars Observer spacecraft prior to launch. 

5. Commence planning for the next observer mission, the 
Lunar Polar Orbiter in 1994. 

The Committee believes that these actions will not only reduce 
the risk for the Mars Observer mission, but will also build a foun- 
dation for a robust and lowcost planetary observer program as en- 
visioned by the SSEC. 

SPACE STATION PLANS 
The Committee recognizes that building a manned Space Station 

is a high priority for NASA and for the United States' future in 
space. I ne Committee's recommendation of fuii funding for 
NASA's FY 1988 request for the Space Station is intended as a 
clear statement of the Committee's strong commitment to the con- 

In section 207 of the NASA authorization bill, the Committee 
recognizes that although it endorses the Space Station as an idea 
or concept there also must be a welldesigned plan for its imple- 
mentation. The ultimate future of and schedule f6r the funding of 
the Space Station will depend on congressional approval of a prac- 

needs tn he c.refil!!y cc!r?tr"!!ed. The SSEC ide-tifed key mnnngc- 

rnl 

cept of a Space St,at,ion progam. 
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tical plan for the Station’s mission, design, development, and con- 
struction. 

The Committee notes that funding for the civilian space program 
may be &ectal by competing demands within the entire federal 
budget. Given this fiscal reality, the plan for the Station should 
also reflect an appropriate balance in NASA’s long-term budget 
among the Space Station and ita other responsibilities and mis- 
sions. 

Thus, the Committee adopted section 20243) which provides a prm 
portional limit to the annual request level for the Space Station 
program. NASA planning for the Space Station should therefore 
recognize that as an integral and major part of the future space 
program, the Space Station will directly benefit from stability and 
growth in the NASA budget as a whole. 

STUDY ON NEW DIRECTIONS WR U.S.-Lmm AMERICAN COOPJCRATION 
IN SCIENCE AND TECHNOLOGY 

The National Academy of Sciences’ Mice on International Af- 
fairs, through the Board on Science and Technology for Interna- 
tional Development (BOSTID), has received an NRC program Initi- 
ative Fund (PIF) grant in 1987, to explore opportunities for Inter- 
American cooperation. An initial meeting was held on February 3, 
1987, with the federal civilian research and development agencies, 
and selected professional societies to receive input on agency p r e  
grams and experiences on science, space, and technology inter- 
American cooperation. In March, at a second NASA meeting, an ad 
hoc program planning meeting of scientists was to discuss opportu- 
nities for cooperation. 

Due to the importance of NASA involvement in international sci- 
ence, the current and future potential opportunities for inter- 
American cooperation, and the strategic need for intercontinental 
relations, the Committee directs NASA to work with other appre  
priate federal R&D agencies, including DOE, and NSF, and other 
independent bodies to chart new directions for US.-Latm American 
cooperation. 

The Committee directs that an independent study, with inter- 
agency support, of current activities, an evaluation of the effective 
ness of different mechanisms for cooperation, and suggestions of 
appropriate new action, federal and non-federal to further enhance 
science, space, and technology intercontinental collaboration, is an 
appropriate course of action. 

Furthermore, a study combining this information should also ad- 
dress why the US. should be concerned with scientific cooperation 
in the hemisphere and which present US.-Latin American activi- 
ties would help further cooperation. 

The study should examine opportunities, identify priority coun- 
tries and fields of action, and recommend, where appropriate mech- 
anisms-bilateral, multilateral and private which have been effec- 
tive in the past (providing reason why they were effective), as well 
as those which have promise in the future. 

Not later than June 30, 1988, the Committee requires a fin$ 
report. The Committee anticipates that funds for thw study wdl 

come from private sources and the appropriate federal government 
agencies, and would not exceed a total cost of $250,000. 

NASA TECHNOLOGY UTILIZATION PROGRAM 
The NASA Technology Utilization Program was created to 

ensure that technology developed for NASA aerospace research 
could be transfered to other areas. One of those areas in which 
technology transfers have been successful is in adapting aerospace 
technology to meet the unique needs of individuals with physical 
disabilities. This has resulted in advancement in voice controlled 
wheelchairs, communication aids, and prosthestic devices, etc, 
which have allowed individuals with physical disabilities to have 
greater access to education, employment, housing and recreation 
resulting in greater independence and productivity for these indi- 
viduals. 

The Committee therefore urges NASA’s Technology and Technol- 
ogy Utilization Program to maintain and strengthen its activities 
in bioengineering and rehabilitation, with a particular emphasis on 
technology transfers which permit more independent lifestyles for 
persons with disabilities, as well as the dissemination of informa- 
tion on those transfers to persons and organizations working with 
the disabled. Additionally, the Committee directs NASA’s Technol- 
ogy Utilization Program to report back to Congress within 180 days 
on specific projects they are curently undertaking in applied tech- 
nologies in to employment, housing and education for the disabled, 
and how they are disseminating information on such technology 
transfers. 

AEROSPACEPLANE 
The Committee supports enthusiastically the national effort to 

develop the technologies needed for hypersonic flight. The task will 
be extremely challenging; but, if successful, the result will be US.  
preeminence in this flight regime. 

The Committee believes success may well depend on preserving 
the project’s research character. Mission requirements for the ex- 
perimental aircraft must be kept to the minimum necessary to 
demonstrate the key technologies. Accordingly, the Committee 
urges NASA and DOD to resist burdening the project’s cost and 
chances for technical success with “nice-to-have‘ features and ca- 
pabilities. Such additions will increase its complexity and cost, and 
should be left to follow-on programs aimed at developing specific 
applications. 

AERONAUTICAL RESEARCH 
The Committee is concerned about the confluence of two trends: 

the eroding position of the U.S. aviation industry in international 
trade and the level of NASA’s aeronautical budget which has been 
flat during this decade, when inflation is considered. The Commit- 
tee believes that a stronger emphasis on aeronautics is needed 
within NASA to reverse these interrelated trends. 

Accordingly, the Committee requests the Administrator of NASA 
to examine the advantages and disadvantages of various steps 



aimed at elevating the emphasis, visibility and stature of aeronau- 
ti=. Such steps should include, as a minimum, creation of a Deputy 

realignment designed to enhance the advocacy and execution of 
aeronautical programs. The Committee requests the Administrator 
report the results of this examination not later than September 30, 
1987. 
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DETAILED EXPLANATION OF THE BILL 
m-- 7 
Ill-  I 

The bill authorizes Research and Development in section 101(a), 
Space Flight, Control and .Data Communications in section 101(b), 
&jristriictioii of yaci;ities in s&ioii :Gl(ti), .&,d haa& PI* 
gram Management in section 101(d). These activities are explained 
below. The bill also provides NASA with certain reprograming au- 
thority, subject to appropriate reporting requirements, in sections 
102-104. Sections 105-110 make various amendments to the Na- 
tional Aeronautics and Space Act of 1958 and express the sense of 
the Congress on a number of issues. Title I11 of the bill authorizes 
appropriations for the Department of Transportation, Office of 
Ciimmercia: Space Transportdtion. Each of these provkiuns is fully 
explained in detail below. 

RESEARCH AND DEVELOPMENT 
XASA REQUEST $3,623,200,000 

AUTHORIZATION $3,697,200,000 

Space Station .......................................... 
Space transportation capability de- 

velopment ............................................ 
Physics and astronomy ......................... 
Life sciences ............................................ 
Planetary exploration ........................... 
Space applications ................................. 
Technology utilization .......................... 
Commercial use of space ...................... 
Aeronautical research and technol- 

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

SUMMARY 

$420,000,000 

495,500,000 
522,800,000 

72,200,000 
358,400,000 
569,700,000 

25,600,000 15,700,000 

376,000,000 

45,000,000 
171,000,000 

9,200,000 

17,100,000 
3,127.700.000 

~~ ~- 

Authorization 
f-1 year 1988 

$767,000,000 

$538,600,000 
$577.100.000 

74,600,000 
$342.300.000 

604,300;000 
18.300.000 
30,700,000 

399,000,000 

66,000.000 
250,000,000 

16,200,000 

13,100,000 

3.697.200.000 
_._ 

- 
Page 
No. 

~ 

31 

38 
51 
66 
72 
82 

108 
112 

114 

148 
150 

189 

191 
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Pressurized modules ................................................. 
Assembly hardware/subsystems ............................. 
Platforms and servicing ........................................... 
Power system ....... 

tion ........................... Operations ca 
Management and integration ................................. 

Totals ................................................................ 

1. SPACE STATION 

NASA REQUEST, $767,000,000 

AUTHORIZATION. $767,000,000 

FISCAL YEARS 1987 AND 1988 FUNDING LEWIS 

Estimated fscal 
year 1987 

$40,000,000 
27,000,000 
6,000,000 

19,000,000 
13,000,000 
45,000,000 

150,000,000 

vear 1987 
I I 

Definition .................................................................... $250.000,000 0 
Development. .............................................................. 150,000,000 $733,000,000 
Flight telerobotic svstem ......................................... 20.000.Ooo 22.000.000 
I ...... ................................................ 7,000,000 Operations definition 

h i t i o n  definition ................................................. 
Totals ................................................................ 

The Space Station will provide a unique capability to enhance 
the Nation’s space science and applications program, and to fur- 
ther the commercial utilization of space while stimulating ad- 
vanced technologies. Development of the U S .  permanently manned 
Space Station, as directed by President Reagan, will follow a delib- 
erately-paced program plan which will permit us to maintain the 
preeminence in space our Nation has attained through various 
manned and unmanned programs. 

The US. Space Station will be a multi-purpose, national facility, 
providing a permanent human presence in space to conduct essen- 
tial scientific and technical research, to support unique commercial 
activities, and to perform operational tasks more efficiently in 
space. International participation with the US. Space Station p r e  
gram has been encouraged by the President. Canada, member 
states of the European Space Agency (ESA), and Japan have r e  
sponded enthusiastically. Memoranda of Understanding (MOU) for 
the definition and preliminary design phase were executed with 
Canada, ESA, and Japan in the spring of 1985 concurrent with the 
initiation of the NASA definition contracts. These international 
partners have undertaken parallel definition and preliminary 
design studies to identify Space Station elements that each of them 
may consider for development. Negotiations for the development 
phase of the program are currently underway with our current 
international partners. 

The Space Station will be designed to permit the system to 
evolve, as warranted over time, to provide greater user utility and 
operational capabilities. Its manned and unmanned elements will 
be designed to facilitate on-orbit maintainability/restorability, 
operational autonomy, human productivity, and simplified user 
interfaces. Implicit in these objectives is the recognized need to o p  
timize madmachine systems in space via automation, robotics, and 
artificial intelligence technologies. During the definition period, 
NASA conducted trade studies to evaluate various subsystems 
changes to the Space Station options. The baseline configuration 
has been selected and is commonly known as the “dual keel” con- 
figuration. It is from this baseline, which was derived using the 
findings of the preliminary design and definition studies, as well as 

the advanced technology work, that the detailed design will begin 
in late FY 1987. 

The Station and its platforms will be placed and maintained in 
low-Earth orbit by the Space Transportation System, thereby build- 
ing upon the previous national investment in space. 

The definition and preliminary design phase will continue 
through FY 1987 and will provide the technical and programmatic 
plan for the Space Station development program, including the 
completion of the detailed definition and preliminary design, the 
analysis and integration of national and international user commu- 
nity requirements, and the advanced development of technology o p  
tions. A continuing emphasis on user requirements and operations 
will be maintained as the engineering design evolves tlirough sub- 
system advanced development and testing in dedicated test beds. 

DEVELOPMENT 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Authorization 
fd year 1988 

$196,500,000 
204,000,000 59,000,000 

88,000,000 52,000,000 

133,500,000 
733,000,000 

The development phase, which will begin in FY 1987, includes 
the prime contractor effort on the work packages, which will pro- 
vide the major hardware components, as well as supporting devel- 
o ment activities such as the systems engineering and integration 
(LfE&I), the rogram’s Technical and Management Information 
System (TMI& and Software Support Environment (SSE), and. the 
evolvement of operational planning including user accommodations 
and interfaces. 
Pressurized Modules 

The design and development activities of the hardware elements 
and systems will be initiated in FY 1987. In FY 1988, the prime 
activities will commence with program requirements reviews (PRR) 
for the pressurized modules and related elements. The PRRs will 
update the program to include those management decisions and 
design changes which occurred as a result of contact negotiations 
and source evaluation board activities. PRR’s are scheduled to 
begin three months after contract start date. Near the end of FY 
1988, program design reviews (PDR) will be conducted for hardware 
elements and systems including the structure for the modules (lab- 
oratory, habitation and logistics) and resource nodes; the outfitting 
of the modules; the environmental control and life support system; 
the manned systems and the internal componenk of the thermal 
control system and audiolvideo system; and related launch package 
integration activities. These PDR’s will provide an evaluation of 



the current design approach of the work packages, taking into con- 
sideration the interfaces with other elements of the program in- 
cluding those being developed by our international partners. Suc- 
cessful completion of the PDR’s will result in the authorization to 
proceed with detaiied design in accordance with the reviewed 
design approach and interface requirements. 

Those efforts beginning in FY 1987 that provide capabilities for 
independent assessments of contracted work that develop necessary 
in-house capabilities uired to accomplish development responsi- 
bilities will continue.% ese activities include the maintenance of 
data management activities to provide for transfer of data between 
the work packages, contractors, and other parties involved in the 
development process; the development of tools and analyses that 
will provide independent assessment capabilities in areas such as 
commonality and madsystem integration effectiveness. Also, work 
in the materials area relative to hardware responsibilities of devel- 
opmg the modules for the Station will continue. Tine work in this 
area involves the establishment of a materials data base that will 
serve as a resource during the design and development of the Sta- 
tion’s hardware elements. Efforts will also be undertaken in the 
international integration area to ensure the compatibility of the 
international hardware with the Space Station. 
Assembly Hardware/Subsystems 

The development efforts which were initiated in FY 1987 in this 
area will continue to concentrate on completing the design of the 
hardware elements as well as the various subs stems and related 
activities including: the truss; the mobile base &r the mobile serv- 
icing center; the outfitting of the airlocks and nodes; the external 
thermal control; extravehicular activity; data management; com- 
munications and tracking; guidance, navigation, and control; p r e  
pulsion; and related launch package integration activities. 

In FY 1988, the prime activities will commence with PRR’s for 
the assembly hardware/subsystems areas. The PRRs will update 
the program to include those management declsions and deslgn 
changes which occurred as a result of contract negotiations and 
source evaluation board actions. These PRRs are scheduled to 
begin three months after the contract start date. ?e PDR, which 
is current1 planned for the end of FY 1988, wlll be conducted 
using the iata develo by the contractors as well as that data 

will allow for the evaluation of the design approach planned for 
the interfaces. 

Continued work in the outfitting of facilities being pre ared for 
the Station will provide capabilities to conduct tests o r  the ad- 
vanced technology to be utilized in the development of the Station. 
!kiggkg the oztf i t tk~ nf the r e s n ~ ~ ~ e  =des,  E rprer?t rmfigura- 
tion change, will commence as well as the designing and outfitting 
of the airlocks and the interfaces with the extravehicular activity 
system. The identification of requirements for each subsystem wdl 
contmue and trade studies wiii be conducted to w u r e  tnat proper 
interfaces are maintained with the additional hardware being de- 
veloped by other NASA centers as well as the internation+ part- 
ners. For example, exahination of various design alternatives of 

available from the in- P ouse activities supporting those efforts and 

distributed processing architectures for the guidance, navigation 
and control subsystem will be continued. The technology work re- 
quired to provide for information for a possible new space suit will 
progress to enable a timely decision about the design of that suit. 
Platforms and Servicing 

The platforms and servicing responsibilities include the develop 
m e n t ,  and  production nf t,wn i inmannerl  p l a t f o r m s ;  one m u l t i - p u r -  
pose servicing facility, the payload accommodation equipment 
(PAE) and the course pointing systems. The platforms, one co-orbit- 
ing and one polar, will be used for scientific research and Earth 
and astronomical observations. The servicing facility will be posi- 
tioned on the Station structure and will provide maximum access 
for servicing payloads and free-flyers. The PAE is attached to the 
structure and will provide for the mounting of various scientific in- 
struments. Elgctrical power and other utilities are provided to the 
payloads through the PAE. The course pointing systems are provid- 
ed for payload instruments requiring a high degree of pointing ac- 
curacy, typically instruments for observing Earth and celestial 
bodies. 

The initial desigr, a d  development activities initiated in FY 
1987 will continue in FY 1988. Currently planned for three months 
after the contract start date, the PRR will update the program to 
include those management decisions and design changes which oc- 
curred as a result of contract negotiations, and source evaluation 
board actions. The major thrust of the development activities will 
be to ensure that the requirements, design, configuration, and 
interfaces of the platforms, servicing bay, and attached payload ac- 
commodations are defined and identified in sufficient detail to s u p  
port the PDR, which is currently planned for the end of FY 1988. 
This review will result in the authorization to proceed with further 
design in accordance with the reviewed designed approach and 
interface requirements. Specifications will be baselined, procure- 
ment activities will accelerate, and the technology development 
effort, associated with the platform thermal and data management 
systems will continue. Emphasis will also be placed upon maintain- 
ing an effective interface with potential users of the Station, thus 
ensuring that their requirements are adequately accommodated. 
Prime contractor activities will be argumented by extensive in- 
house efforts in materials testing and evaluation, systems engineer- 
ing and integration, product assurance and parts evaluation, and 
transportation planning. The acquisition of the unique test equip 
ment, payload interface simulators, and other related equipment 
required to implement and support these in-house efforts will also 
begin in FY 1988. 
Power Svstem 

The Space Station will utilize a 20 kHz hybrid power system, 
with 87.5 kw of power produced by photovoltaic arrays and solar 
dynamic converters. The polar and co-orbiting platforms will have 
photovoltaic arrays for power production and batteries for energy 
storage. The Space Station power system requirements include the 
design, development, and production of electrical power system 
hardware and software, the integration, assembly, and checkout of 
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power module elements, the provision of support equipment to 
other work packages, support to Space Station systems engineering 
and integration, and launch package integration of power module 
elements. 

The power system effort is directed toward the production of p h e  
tovoltaic (PV) and solar dynamic (SD) modules, common c o m p  
nents for the polar and w r b i t i n g  platform power systems, a 
power management and distribution subsystem (PMAD) and com- 
ponents, and flight, application and ground support software. 
Flight, applications, ground support, and test software for the PV 
and SD modules, the PMAD subsystem, and the platform power 
systems wi l l  be designed, produced, and tested. 

The prime contractor’s efforts will be directed toward baselining 
specifications and commencing initial design and purchase activi- 
ties. Additional activities will include outfitting test cells in prepa- 
ration for energy storage tests, and preparations for photovoltaic 
array, PMAD and materials tests. 

In N 1988, the prime activities will commence with program r e  
quirements reviews (PRR) for the power system elements. The 
PRR’s will update the program to include those management deci- 
sions and design changes which occurred as a result of contract ne- 
gotiations, source evaluation board actions, etc. PRR’s are sched- 
uled to begin three months after the contract start date. During N 
1988, procurement activities will increase, and qualification, fabri- 
cation, and testing of some of the PV components will be conduct- 
ed. Software design and development will also be initiated. 

Toward the end of the fiscal year the preliminary design reviews 
(PDR) for the power system elements will be held. These are held 
in support of the program PDR, and are intended to ensure that 
the design approaches and configurations interface properly. The 
program PDR will result in the authorization to proceed with fur- 
ther design in accordance with the reviewed design approach and 
interface requirements. Additional activities will essentially be a n  
extension of those activities which commenced in N 1987, with 
energy storage, thermal cycle, and power distribution and manage 
ment tests to be conducted. The Power Systems Facility will be out- 
fitted, and project control and delegated systems engineering and 
integration activities will be increased. 
Opemtwns &pability/Utilizatwn 

Operational capability development efforts include the detailed 
design and development of the hardware and software necessary to 
outfit the operational facilities, exclusive of those items which are 
provided under the Constitution of Facilities appropriation. Outfit- 
ting of the Space Station Support Center, the Space Station train- 
ing facilities, and the launch site ground processing facilities are 
representative of this type of development effort. Another support- 
ing development activity is in the utilization area. This effort 
builds upon the utilization activity conducted during definition. It 
includes the development of procedures, tools and equipment to in- 
tegrate the user fully into the design and operation of the flight 
and ground systems of the Space Station. User requirements and 
user selection proceeses will also be developed. 

Management and Integration 
Systems Engineering and Integration (SEW activities will be 

managed by the newly established Program Office with support 
from the Program Support Contractor (PSC). Some effort will be 
distributed at each major center involved in the Space Station p r e  
gram. The proposals received in response to the request for propos- 
al for the program support contractor are anticipated and a selec- 
tion is scheduled for the mid-1987 time frame. These efforts include 
the development of integrated engineering models of the Station, 
the continuation of trade studies on resource allocation by element, 
the allocation of requirements among program elements, and the 
establishment of design requirements. Key system level schedules 
and documentation will be expanded and maintained, systems level 
assembly and check out logic will be refined, and systems level ver- 
ification requirements and procedures will be established. 

Data management and information systems efforts include the 
Technical and Management Information System (TMIS) and the 
Software Support Environment (SSE) which are the initial e l e  
ments of the Space Station Information System. TMIS is an inte- 
grated system of technical and management processes, automatic 
data processing hardware and software, communications networks, 
and procedures supporting the design and development, as well as 
the operations of the Space Station. Award of the TMIS develop 
ment contract is expected in m i d - N  1987 and the first increment 
of the system is scheduled to be in place by the end of N 1987 to 
support the early development efforts of the program. The system 
will be designed incrementally to allow for advances in state-of-the 
art technologies. This approach will also allow for requirements to 
be accommodated as they become known in lieu of replacement of 
obsolete hardware, software, and processes. The SSE will provide 
the infrastructure for the development of common applications 
software required for flight and ground systems. Planned activities 
include the completion of the requirements analysis effort, the 
completion of the software productive facility preliminary design 
document, the completion of the facility contract end item list, and 
bringing the facility on-line to support the preliminary and critical 
design reviews. 

Safety, reliability, and quality assurance activities will be empha- 
sised for development, and operations. Early emphasis will be on 
the development of criteria to perform critical reviews of station 
design for safety issues at the black box and system level, applica- 
tion of the criteria to assess the safety of the proposed design 
during the preliminary design review, and establishment of quality 
assurance standards. Program support activities will provide man- 
agement, technical, and institutional support from the individual 
centers necessary to sustain the development activities of the Space 
Station. 

FLIGHT TELEROBOTIC SYSTEM 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Flight telerobotic system: 
Estimated Fiscal Year 1987 ........................................................................... $20,000,~0 
Authorization Fiscal Year 1988 .................................................................... 22,OOO,OOO 
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The night  Telerobotic System (FTS) will be a highly automated 
telerobotic device capable of precise manipulations in space. It will 
operate with a mix of remote and supervisory controls by astrw 
nauts and will be used to assist in assembly and servicing oper- 
-"--_--. ationcl Tho ---- 
tion related operations. Initially intended for relatively simple 
tasks, the FIYS capabilities will evolve over time to accommodate 
increasingly sophisticated operations for wide application in space 
as weii as the tecimoiogy appiication on the ground. 

The Fl'S program is structured to provide a flight telerobotic 
system with phased capabilities based on assembly, servicing, and 
maintenance needs, to support the Station launch and operations 
schedules. In FY 1987, a definition and preliminary design effort 
with multiple contracts will be pursued. Work was also begun on 
the design of both the flight and ground systems that will support 
the FTS program and the definition of requirements for the flight 
demonstration. The integration of NASAdeveloped technology 
from the Office of Aeronautics and Space Technology is being r e  
viewed for possible ITS applications. 

In FY 1988, the definition and preliminary design contracts will 
continue. These contracts will culminate in the selection of a pre- 
liminary design for the FTS which will be developed by a single 
contractor. Work will continue in the design of the flight and 
ground systems and the requirements definition for the flight dem- 
onstration. Current plans are to have it available for flight on the 
second assembly launch of the Space Station. A Shuttle flight dem- 
onstration of the FTS will precede the second assembly launch and 
will be conducted in the early 1990's. 

OPERATIONS DEFINITION 

y:!! hllp?cVp the ecr;&anc.. m-4 d & y  =f Sm.ce s4a- 

FISCAL YEARS 1987 AND 1988 FUNDING LEVEIS 
Operations definition: 

........................................................................... Estimated Fiscal Year 1987 0 
Authorization Fiscal Year 1988 .................................................................... $7,000,000 

Operations definition funding begins in FY 1988 and builds on 
the work initiated in the definition phase of the program. It in- 
cludes a variety of operations-oriented study activities that are r e  
quired to support the development of flight hardware and oper- 
ational facilities. The key FY 1988 operations activities will be in 
the integrated logistics arena. Logistics requirements must be de- 
fined early in the development phase and factored into the work 
package and KSC detailed design and development efforts to 
ensure a n  efficient design and reasonable life cycle costs. Other ac- 
tivities in FY 1988 include studies of automation and robotics appli- 
cations for operations, and other studies that may be recommended 

 SITI ION DEFINITION 
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Transition definition: 
Estimated Fiscal Year 1987 ........................................................................... 0 
Authorizetion Fiscal Year 1988 .................................................................... $5,000,000 

In order to assure that the initial Station design will facilitate 
evolution to greater capacities and capabilities to accommodate 
users, transition definition efforts must be conducted in parallel 
with the development phase. With a start in FY 1988, the transi- ... 

quired to demonstrate major new technologies prior to being incor- 
porated into the Space Station System, thereby avoiding decisions 
based on conceptual studies with no substantive engineering data 
as support. 

The transition definition initiative encompasses evolution and 
transition technology definition studies. The definition studies: in- 
ciude mission and systems analyses to define Station evolution re- 
quirements; operations analyses to establish growth modes that 
will optimize user accommodations; and technology forecasts that 
will enable upgrades to increase the efficiency and productivity of 
the Station. The studies will provide a knowledge base to allow the 
Space Station Program to respond to new requirements as they de- 
velop as well as to enhance accommodations of current user re- 
quirements. 
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2. SPACE TRANSPORTATION CAPABILITY DEVELOPMENT 

NASA REQUEST, $568,600,000 

AUTHORIZATION, $538,600,000 

FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Payload operations and support 
Advanced programs ...................... 

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

Authorization 
fmal Year 1988 

$73,500,000 
159,700,000 
139,800,000 
73,400,000 
24,900,000 
7,300,000 
60,000,000 

$538,600,000 

A reduction of $20,000,000 was made in the funds requested by 
NASA for the Orbital Maneuvering Vehicle. These reductions 
would provide a slip in the schedule for this program that are con- 
sistent with the launch delays being experienced by the spacecraft 
(such as the Space Telescope) that will utilize the OMV. 

In adopting the reduction from the request level in development 
funds for the Orbital Maneuvering Vehicle, the Committee recog- 
nizes that a delay in delivery of 4 to 6 months and a potential in- 
crease in total cost may accrue. These program impacts are unde- 
sirable and the Committee does not intend that such actions signal 
any lack of support for this program. Due to the delay in resuming 
Shuttle flight activity in 1988, it is likely that the Space Telescope, 
which is the frst flight requircment f ~ r  the OMV, i m y  be delayed 
by up to eight months. Thus, the delay in OMV delivery date can 
be accommodated. The Committee recognizes, however, that a vari- 
ety of factors related to Shuttle performance and solar cycle varia- 



bility may lead to an earlier requirement than has been projected. 
The Committee urges NASA to develop contingency plans for alter- 
native reboost and servicing scenarios. 

The principle areas of activity in Space Transportation Capabil- 
ity Development include the Spacelab; the Upper Stages required 
to place satellites in high altitude orbits; the Engineering and 
Technical Base support at the manned space flight centers; Pay- 
load Operations and Support Equipment for accommodating NASA 
payloads; Advanced Programs study and evaluation efforts; the d e  
velopment and first flight of the United States/Italian Tethered 
Satellite System; and the development of the Orbital Maneuvering 
Vehicle. 

Spacelab is a major element of the Space Transportation System 
(STS) that provides a versatile, reusable laboratory which is flown 
to and from Earth orbit in the orbiter cargo bay. The development 
program which has been carried out jointly by NASA and the Eu- 
ropean Space Agency @SA) continues with the procurement of 
hardware for the Hitchhiker System, the Spacelab Pallet System, 
the Space Technology Experiment Platform and the lay-in of 
spares to support the flight program. Operational missions for the 
next few flights include a number of Spacelab module and Spacelab 
Pallet System missions. 

Upper Stages are required to deploy payloads to orbits and tra- 
jectories not attainable by the Shuttle alone. The program provides 
for procurement of stages for NASA missions, for technical moni- 
toring and management activities for government and commercial 
Upper Stages, and a solid rocket motor integrity program to estab- 
lish an engineering data base for solid stage components. 

The Engineering and Technical Base provides the core capability 
for the engineering, scientxc and technical support required at the 
Johnson Space Center (JSC), the Kennedy Space Center (KSC), the 
Marshall Space Flight Center (MFSC), and the National Space 
Technology Laboratories (NSTL) for research and development ac- 
tivities. 

The Payload Operations and Support Equipment program devel- 
ops and places into operational status the ground and flight sys- 
tems necessary to support the STS payloads during prelaunch 
processing, on-orbit mission operations and, when appropriate, 
post-landing processing. Included within this program area are the 
STS support services for NASA payloads, satellite servicing tools 
and techniques development, flight demonstrations and multi-mis- 
sion payload support equipment. 

The Advanced Programs effort identifies potential future space 
initiatives and provides technical as well as programmatic data for 
their definition and evaluation. Activity is focused on six major 
areas: advanced missions, satellite services, spacecraft systems, ad- 
vanced transportation systems, crew systems, and generic space 
system capabilities. Advanced development activities are conducted 
to provide a basis for obtaining significant performance and reli- 
ability improvements and reducing future program risks and devel- 
opment costs through the effective use of new technology. Exten- 
sive studies are being conducted jointly with DOD on future launch 
vehicle requirements. 

The Tethered Satellite System (TSS), a joint Italian/Un,i%d 
States development effort, will provide a new reuseable capability 
for conducting space experiments and unique tethered applications 
in regions remote from the Shuttle orbiter. The objectives of the 
initial TSS mission are twofold (1) to verify the controlled deploy- 
ment, operation, and retrieval of the TSS, and (2) to quantify the 
interaction between the satellite/tether and space plasma in the 
presence of a current drawn through the tether. 

The development of the Orbital Maneuvering Vehicle, initiated 
in 1986, will provide a capability for ayload delivery, retrieval, 
and servicing beyond the reach of the gpace Shuttle or the Space 
Station. 

The first Spacelab reimbursable flight, Deutchland-1 (D-11, was 
successfully flown during the first quarter of FY 1986 and the first 
GSFC Spacelab Hitchhiker was successfully flown in the second 
quarter of FY 1986. In FY 1986, preparations were completed for 
the Spacelab Astro-1 mission that was scheduled for March 1986. 
This mission would have been the first Igloo Pallet Configuration 
of the Spacelab Pallet System (SPS). This mission has been resched- 
uled for the first quarter of 1989. 

The balance of the hardware for the Dedicated Discipline Labora- 
tory, the Spacelab Pallet System, the Space Technology Experi- 
ment Platform, and the Hitchhiker system is being procured. 

In Upper Stages the commercially developed Payload Assist Mod- 
ules (PAM) provide low cost transportation from the Shuttle’s low 
Earth orbit. The Delta class PAM-D is capable of injecting up to 
2,750 pound payloads into geosynchronous transfer orbit. The 
PAM-DII is capable of placing a 4,100 pound payload into geosyn- 
chronous transfer orbit and was used for the first time in launch- 
ing an RCA payload for STS 61B in November 1985. The Atlas-Cen- 
taur class PAM-A is capable of inserting 4,400 pound payloads into 
the same orbit and was system-qualified in late 1984. Forty PAM’S 
have been launched on the Delta, Atlas, and Space Shuttle. There 
have been 20 consecutive successful PAM missions. 

The Inertial Upper Stage (IUS) was developed under a DOD con- 
tract to provide the capability to place payloads of up to 5,000 
pounds into geosynchronous orbit. The FY 1988 Budget includes 
funds for production, launch, flight support, and integration costs 
for vehicles to accommodate the TDRS C, D, E and F missions, and 
the Galileo, Ulysses (including a PAM-S vehicle), and Magellan 
planetary missions. 

The Transfer Orbit Stage (TOS) is a three-axis stabilized perigee 
stage that is being commercially developed by the Orbital Sciences 
Corporation for use in the Shuttle or on Titan. It will have the ca- 
pability of placing 6,000 to 13,000 pounds into geosynchronous 
transfer orbit. The Apogee Maneuvering Stage (AMs) is a three- 
axis stabilized liquid propellant apogee stage which has completed 
preliminary design and is under consideration for commercial de- 
velopment by Orbital Sciences Corporation for use in the Shuttle. 
It will have the capability to place 5,200 pound payloads into geo- 
synchronous transfer orbits when used alone or 6,500 pounds into 
geosynchronous orbit when combined with a TOS. Production of a 
TOS vehicle for the Mars Observer mission and an AMS for the 
Global Geospace Science mission is included in the FY 1988 budget. 



27 

The Solid Rocket Motor Integrity Program objectives are to pro- 
vide confidence in existing flight systems, and to generatk an ur- 
gently needed engineering data base for design, analysis, and test- 
ing of solid rocket motor components. The 19 contracts in 11 states 
have made excellent progress in determining root causes of persist- 
ent probiems piaguing motor nozzies and the resuiis are  contriiiut- 
ing to the Shuttle Solid Rocket Motor redesign effort. Investigation 
of other motor components in addition to the nozzle is being consid- 
ered. 

In Payload Operations and Support Equipment, payload integra- 
tion support and payload-related hardware are developed and fur- 
nished for NASA payloads. Multi-mission payload support equip 
ment is developed and procured including fiber optic cabling and 
equipment for communication links between the payload process- 
ing facilities, standard sets of wire harnesses for interconnection of 
mixed cargoes in the orbiter payload bay, and payload display and 
controls in the orbiter vehicle crew cabin. 

The Advanced Programs effort is focused on six major areas-ad- 
vanced missions, satellite services, spacecraft systems, advanced 
transportation systems, crew systems, and generic space system ca- 
pabilities. Advanced planning and analysis efforts will be increas- 
ingly focused on long range manned mission options in and beyond 
Earth orbit. Satellite servicing systems will continue definition and 
advanced development work in remote and proximity operations. 
Continued efforts will be made in the areas of platform systems 
and servicing and advanced tether applications. Advanced trans- 
portation concepts will be studied, including orbit transfer vehicles 
(OTV’s), propellant management, advanced launch vehicles, and 
advanced STS analytical tools. The joint NASAIDOD studies of 
future launch vehicle requirements will be continued. Systems s u p  
porting human presence in space as well as generic work in space 
structures, orbital debris management and retrieval, and artificial 
intelligence applications will be investigated. 

The Tethered Satellite System (TSS) hardware development was 
initiated in FY 1984 following the completion of an advanced devel- 
opment phase initiated in FY 1983. Systems definition studies were 
completed in FY 1985. Comprehensive design and requirements 
validation; procurement of long lead time flight hardware elements 
and tooling; systems development and integration, and deployer 
manufacturing and integration will continue through FY 1989. The 
Italians started satellite and core equipment development in FY 
1984 and a cooperative first flight is presently scheduled for 1990. 

The Orbital Maneuvering Vehicle (OMV) completed early study 
and feasibility efforts in FY 1985. FY 1986 was devoted to phase 
C/D RFP/SEB activities. The Administrator selected TRW as the 
OMV contractor and negotiations were completed in FY 1986. TRW 
was given authority to proceed on October 1, 1986, with contract 
award in December 1986. The OMV will be reusable, remotely o p  
erated propulsion vehicle with the capability to deliver, retrieve 

titudes and inclinations. Based on current planning, this capability 
will be available for use with the STS in 1991. 
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SPACELAB 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Estimated fiscal 1 Authorization 
~ year 1987 , fiscal year 1988 

Development . . . . . . . . . . . . . . . . . . .  . . . I  ~Zl,lOO,OOO i $14,400,000 
Operations .................................................................. I 52,800,000 j 59,100,000 

%!Z! .............................................................. ~ ??,K!G$GC ~ -??,%G,CGC 

The Spacelab is a versatile facility designed for instailation in 
the cargo bay of- the orbiter which affords scientists the opportuni- 
ty to conduct scientific experiments in the unique environment of 
space. The reusable Spacelab system enhances the advancement of 
scientific research by serving as both an observatory and laborato- 
ry in space. Ten European nations, including nine members of the 
European Space Agency IESA), have participated in this joint de- 
velopment program with NASA. ESA designed, developed, pro- 
duced, and delivered the first Spacelab components; consisting of a 
pressurized module and unpressurized pallet segments, igloo, com- 
mand and data management subsystem, environment control s u b  
system, power distribution systems, instrument pointing subsystem 
(IPS), and much of the ground support equipment and software for 
both flight and ground operations. 

Additional hardware to complete the Spacelab system is in the 
Spacelab development budget, including such major elements as 
the crew ground support equipment, hardware modifications, 
system recertification and a training simulator. Support software 
and procedures development, testing, and training activities not 
provided by ESA, which are required to demonstrate the operation- 
al capability of Spacelab, are also included in NASA’s funding. 
NASA has procured an additional Spacelab unit from ESA under 
terms of the ESA/NASA Memorandum of Understanding and the 
Intergovernment Agreement. Additional Spacelab hardware includ- 
ing the initial lay-in of spare hardware is being procured from Eu- 
ropean sources. 

NASA is developing two principal versions of the Spacelab Pallet 
System (SPS). One will support missions requiring the igloo and 
pallet in a mixed cargo configuration like the Astro series; the 
other version will support missions that do not require use of the 
igloo such as the Space Technology Experiment Platform (STEP) 
and the Tethered Satellite System. Development of the Hitchhiker 
system is near completion. 

The Spacelab operations budget includes mission planning, mis- 
sion integration, and flight and ground operations. This includes 
integration of the flight hardware and software, mission independ- 
ent crew training, system operations support, payioad operations 
control support, logistical support and sustaining engineering. 

The first Spacelab reimbursable flight, Deutschland-1 (D-l), was 
flown during t,he first quarter of FY 1986 Ast.ro-1, planned for o h  
servation of Halley’s comet, was delayed to FY 1989 due to the Jan- 
uary 1986 Shuttle accident. The initial flight of the Goddard Space 
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Estimated fiscal 
year 1987 

Flight Center Hitchhiker (HGl) took place in the first quarter of 
FY 1986. 

In addition to these missions, analytical and physical integration, 
configuration management and software development for future 

hta wil l  be conducted. Procurement of spares for both NASAde- 
ve 9 oped hardware and for hardware developed by U.S. companies 
under contract with ESA wil l  continue throughout FY 1987. Oper- 
ation of the depot maintenance program for U.S.-provided and Eu- 
ropean+~ plied hardware and the procurement of replenishment 
spares continue in FY 1987. 

The FY 1988 development funds are required to complete the 
Hitchhiker and STEP programs, complete the lay-in of both U.S. 
and European source spares, and to make the necessary hardware 
and GSE modifications and upgrades for return-bflight recertifica- 
tions as recommended by the Rogers’ Commission, in preparation 

Authorization 
fBcal year 1988 

for re-flight in 1989. 
The FY 1988 operations program reflecta significant restructur- 

ing and rescheduling of Spacelab missions resulting from the Chal- 

Development ............................................................... $17,100,000 
Procurement and operations .................................. .[ !:$%E I 142,600,000 

Total ................................................................. I 160.500.0001 159,700.000 

The STS upper stages are required to deploy Shuttle-1aunch.ed 
payloads to orbits not attainable by the Shuttle alone. The Inertd 

u p p e r s t y  e (IUS), - and the commercially developed Payload Assist 
Modules ( AM A) PAM-D and PAM-DII) are currently available 
for use on the STS. Several other upper stages now being commer- 
cially developed, including the Transfer Orbit Stage (TOS), will 
become available for use with the STS. 

The IUS was developed under a DOD contract to provide the ca- 
pability to place payloads of up to 5,000 pounds into geosynchro- 
nous orbit. The first IUS was successfully launched in October 1982 
on a Titan 34-D booster. The first IUS/STS launch in April 1983 
carried the TDRS-1 spacecraft. The IUS failed to operate nominal- 
ly during the second stage boost. The IUS anomalies were resolved 
b joint USAFI NASA action, and the DOD/NASA/Industry Anom- 
d y  Investigating Team determined that the IUS was again ready 
for flight. The IUS operated nominally when deployed from STS- 
51C in January 1985. The second IUS/TDRS was lost during the 
Challenger accident. Four IUS vehicles were procured b NASA for 
launch of the initial four Tracking and Data Relay Satefite System 
spacecraft; the first three were funded through the TDWS contract 
while the fourth is funded under this budget element. 

The objective of the PAM program is to provide low cost trans- 
portation from the Shuttle’s low Earth orbit to geosynchronous 
transfer orbit. The Delta class PAM-D is capable of injecting up to 
2,750 pound payloads into geosynchronous transfer orbit. The 
PAM-DII was developed commercially and is capable of injecting 
4,100 pound pa loads into geosynchronous transfer orbit. Its first 
mission, on STK6lB in November 1985, deployed an RCA satellite. 
The AtlasCentaur class (PAM-A) is capable of inserting 4,400 
pound payloads into the same orbit. PAM’S are bein developed 
commercially, but NASA monitors the development an$ production 
to assure that the PAM is technically adequate and will be avail- 
able when needed. Forty PAM’S have been lauched on the Delta, 
Atlas, and Shuttle with 20 consecutive successes. 

TOS is a three-axis stabilized perigee stage that is being devel- 
oped commercially by the Orbital Sciences Corporation for use with 
the Shuttle. It will have the capability to place 6,000 to 13,000 
pounds into geosynchronous transfer orbit. A TOS vehicle is being 
procured for the Mars Observer mission and FY 1987 funding is in- 
cluded to procure a second TOS for the ACTS mission. The Apogee 
Maneuvering Stage (AMs) is a three-axis stabilized liquid propel- 
lant apogee stage that has completed preliminary design with de- 
velopment under consideration for initiation in 1987. The AMS will 
also be developed commercially by the Orbital Sciences Corporation 
for use with the Shuttle. It will have the capability to place a 5200 
pound payload into geosynchronous transfer orbit when used alone 
or 6500 pounds into geosynchronous orbit when combined with 
TOS. The Global -pace Science mission will require three 
PAM-D and one AMs class upper stages. 

The solid rocket motor integrity program was initiated in FY 
1984 to establish an urgently needed engineering data base for use 
of c o m p i t e  materials in upper stage motor nozzles, to minimize 
risk to planned missions and to restore user confidence in U.S. 
launch systems. Underlying root causes of persistent problems in 
motor nozzles have been identified and required data is being gen- 
erated. Motor testing will be conducted to verify analyses and 



create an engineering data base. The results of this program are 
contributing to the redesign of the Shuttle Solid Rocket Motor. 

Production and operations funds in FY 1988 are required to con- 

the Galileo, Ulysses and Magellan missions, and upper stages for 
the Mars Observer, TDRSS-E and TDRSS-F Missions. Monitoring 
of the PAM-D, PAM-DII and TOS programs will continue. Funds 
are ais0 required to support continuation of the s0iid rocket motor 
integrity program. Consistent with the FY 1987 recission request 
submitted by the President, funding for the upper stage for ACTS 
has not been provided in FY 1988. Funding starts in FY 1988 on 
four upper stages, three PAM-D class and one AMs class, for the 
Global Geospace Science Missions. 

ENGINEERING AND TECHNICAL BASE 

ti.n.ue prductiar? af three !LWs and one PAM-S vehic!e tn suppmt 

FiSCAL YEARS 1987 AND 1988 FUNDING LEVELS 

i Estimated f d  ' Authorization 
year 1987 ! f d  vear 1988 

....................................... 
Data systems and flight support ............................ 
Reaearch and test support 

Operations support .................................................... 
Lauch system support ............................................... 

22,600,000 1 "%l;;;; I "$E& 
Total ................................................................. 1 133,4OO,OOO I 139,800,000 

The Engineering and Technical Base (ETB) provides the core ca- 
pability required to sustain an engineering and development base 
for various NASA programs at the manned space flight centers. 
Additional center program support requirements above the core 
level are funded by the benefiting programs, such as Shuttle Oper- 
ations and Shuttle Production and Capability Development. The 
centers involved are the Johnson Space Center (JSC), the Kennedy 
Space Center (KSC), the Marshall Space Fight Center (MSFC), and 
the National Space Technology Laboratories (NSTL). 

The core level of Support varies from center to center due to pro- 
grammatic and institutional differences. At JSC, the core level r e  
quirement is that one shift of operations be maintained in the engi- 
neering and development laboratories and the White Sands Test 
Facility. Safety, reliability and quality assurance areas are also 
supported by the ETB core. The core level for the central computer 
complex is established as a two-shift operation. The funding for 
center operations base support is split between the ETB and Shut- 
tle Operations budget elements in accordance with the principle 

responsible for funding additional support requirements. At KSC, 
due to its operational character, the core level provides for future 
studies and ground systems research and development. ETB funds 
at MSFC provide for multi-program support activities, including 
technical labs and facilities, reliability and quality assurance, com- 
putational and communications services, and at NSTL for facilities 
operations, including security. 

1 1  ~ria i i  ETB will provide ihi iori :eve: a i d  the h id t t i i ig  P ~ O ~ T U I  k 

The requested funding for the ETB in FY 1988 provides for a 
continuation of the FY 1987 level of support for institutional re- 
search and development facilities and services a t  the centers. 

In research and test support, effort will be continued to provide 
increased computation capabilities at MSFC for engineering and 
science projects through the acquisition of a Class VI computer 
system. This capability is required for the solution of more complex 

for complex structural analyses. At JSC, the requested funding will 
provide for a fiveday, one-shift operation for the engineering and 
development laboratories, such as the Electronic Systems Test L a b  
oratory and the Thermal Test Area. Safety, reliability and quality 
assurance activities will also be provided. 

Data systems and flight support provide a core level of support 
based on a fiveday, two-shift operation of the central computer 
complex at JSC Any additional requirements are the responsibility 
of the benefiting program. 

Operations Support funding provides for the maintenance of 
technical facilities and equipment, chemical cleaning, engineering 
design, technical documentation and analysis, telecommunications, 
component fabrication, photographic support, and logistics support. 
Examples of specific services to be provided in FY 1988 include: (1) 
operation and maintenance of specialized electrical and cryogenic 
systems, and maintenance of test area cranes; (2) operation of 
shops to do metal refurbishing, anodizing, plating, stripping, and 
etching of selected items of in-house hardware; (3) engineering, in- 
stallation, operation, and maintenance of closed circuit fixed and 
mobile television required for the support and surveillance of tests; 
(4) photographic services, including still and motion picture proc- 
essing, and audio-visual mission support; (5) fabrication of models, 
breadboards, and selected items of flight hardware; (6) technical 
documentation services, telecommunications, and graphics; (7) tech- 
nical services in support of center operations including receipt, 
storage, and issue of research and development supplies and equip 
ment and transportation services; and (8) management services in 
support of center operations, including data management, micro- 
filming, and preparation of technical documentation. In addition, 
FY 1988 funds will provide a basic level of institutional support a t  
NSTL for continuing main engine testing activities. 

In Launch Systems Support, funds are required to continue work 
in the development of beneficial application of new technology to 
the solution of operational problems and development of improved 
operational capabilities for launch site hardware, ground process- 
ing and support systems. 

PAYLOAD OPERATIONS AND SUPPORT EQUIPMENT 
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FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

1 Fstirnatpd fimal 1 Authorimtion 
I war 1987 ! fmal vear 1988 

Payload operations 1 $37,000,000 1 $68,300,000 
Payload support qu ipment  7 500,000 j 15,100,000 



ADVANCED PROGRAMS 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Advanced programs: 
.................................... $27,600,000 Estimated f d  year 1987 

Authorization fiscal year 1988 ...................................................................... 24,900,000 
....... 

Advanced Program’s principal objectives are to conduct mission 
requirements analyses, conceptual system definition, detailed 
system definition, and advanced supporting developments to ac- 
quire the technical and programmatic data for the evaluation of 
new space flight initiatives. Future space program and systems re- 
quirements, configurations, costs, and capabilities are identified to 
provide the basis for development decisions on new space flight sys- 
tems. Past program efforts have provided such information for new 
major Agency programs and systems including Apollo, Skylab, the 
Space Transportation System and Space Station. Subsystem studies 
and advanced and supporting development efforts are conducted to 
demonstrate the required performance and reliability. Improve- 
ments to reduce future systems program cost and schedule risks 
while increasing performance will also be investigated. 

In FY 1987, the Advanced Programs effort is focused in six major 
areas-advanced missions, satellite services, spacecraft systems, ad- 
vanced transportation systems, crew systems, and generic space 
system capabilities. Definition studies as well as advanced develop 
ment efforts are being continued in the areas of satellite servicing 
systems, manned extravehicular activity, spacecraft and platform 
resupply, maintenance and repair, rendezvous and proximity oper- 
ations, satellite maintenance and repair in low and geostationary 
Earth orbit, and autonomous capabilities. In spacecraft systems, 
definition activities continue for free flying and tethered space 
platforms in low and geostationary orbits operating from the Shut- 
tle. Advanced transportation studies are focused on study of poten- 
tial future reusable orbit transfer vehicles (OTV), space-based oper- 
ations of Om’s, competitive aeroassist braking techniques for 
O W ,  Shuttlederived launch vehicle concepts, propellant scaveng- 
ing, and aft cargo carrier concepts. Crew systems efforts will focus 
on definition and advanced development related to future space 
flight systems. Generic space system capabilities will include stud- 
ies related to space debris. Preliminary definition and ground simu- 
lation evaluations of assembly and construction operations for 
large space systems and orbital structures will be pursued. 

NASA, in conjunction with the DOD, is investigating future 
space transportation and operational support requirements includ- 
ing heavy lift launch capability and associated advanced technolo- 
gy. These studies were initiated during FY 1986 to identify the nec- 
essary requirements and supporting technologies for future space 
transportation systems. Studies, definition, and a limited amount of 
advanced development effort will be devoted to key subsystems for 
a Shuttlederived Heavy Lift Launch Vehicle (HLLV). Preliminary 
studies have already been initiated for engines, precision recovery 
devices, propulsion/avionics modules, advanced structures, avionics 
and other contributory technologies. 

The objective of efforts to be initiated in the advanced manned 
mission area will be the planning and analysis of potential follow- 

General reduction ....................................................................................... 
Total ................................................................. 

3 0  

Estimated fd Authorization 
year 1987 F s d  year 1988 

lO,oO0,000 
44,50O,oO0 73,400,000 

The Payload Operations and Support Equipment objectives are to 
centralize the provisioning of payload services, both unique and 
common, which are required beyond the basic standard services for 
NASA missions, and to provide multi-mission support equipment in 
support of payload operations. Payload operations provides unique 
hardware, analyses, and launch site support services to support 
STS missions. Payload support equipment funds the development 
and acquisition of multi-mission reusable ground support equip 
ment required for a wide range of payloads. This includes test 
equipment required to checkout payload-to-orbiter interfaces at 
KSC, mixed cargo hardware such as standard cable harnesses, and 
displays and controls related to payload bay Operations. 

Payload operations funding is required to furnish continued pay- 
loan services for currently scheduled NASA launches. As a result 
of the Challenger accident and the decision to cancel the Centaur 
program for planetary launches, there have been major changes in 
payload integration requirements. Major NASA payloads receiving 
support during this year include Hubble Space Telescope, Galileo, 
Ulysses, Magellan, Astro, and Tracking and Date Relay Satellites 
CTDRS). The change to IUS upper stages for the planetary launches 
of Galileo, Ulysses and Magellan require substantial new integra- 
tion. The significant change in launch dates for all NASA payloads 
will require a thorough reassessment of the payload integration 
into the Shuttle. Efforts will continue to provide the means to 
maintain and repair satellites on-orbit by developing a series of 
tools, aids, and techniques, and to demonstrate capabilities and 
methods of improving the efficiency of on-orbit operations. These 
demonstrations will provide the experience necessary for realiza- 
tion of the Shuttle’s potential for satellite servicing missions and 
on-orbit assembly functions. 

Payload support equipment estimates reflect the requirement to 
modify and upgrade selected payload integration facilities for safer, 
more effkient operations. FY 1988 funding for multi-mission pay- 
load support equipment is required for development testing and de- 
livery of payload common communication equipment (PCCE) to ac- 
commodate required payload data transmission, and initial spares 
provisioning for cargo integration test equipment (CITE) and 
PCCE. Funds for fiber optic cabling and an upgraded operational 
intercom system in the industrial area at KSC are included in this 
budget to provide increased reliability and quality of data transmis- 
sion among cargo facilities. Multi-mission payload support equip 
ment funding also includes orbiter/payload interface hardware for 
groups of payloads; cargo bay cabling; modified aft flight deck 
panels; and, associated display and controb. 



on programs to exploit the STS and the Space Station. Integrated 
program options involving low Earth orbit, geostationary orbit, 
lunar and planetary missions will be investigated, with the multi- 
year purpose to develop goals, planning information, and infra- 
structure requirements. 

In FY 1988, major emphasis will be placed on system concept def- 
init.ion snd key ndvanrd technology in crew systems, geostation- 
ary Earth orbital unmanned platforms, reusable WWs, new capa- 
bility mission kits for orbital maneuvering vehicles, future tethered 
systems applications, satellite servicing systems near and remote 
from the orbiter, and second generation s’nuiiies. A miijur gud COII- 
tinues to be the conceptual definition of the systems architecture 
and space elements needed for space operations over the next 
twenty years. 

The satellite servicing program element will continue to explore 
effective manned servicing concepts to extend STS operational ca- 
pability for Earth orbit support of spacecraft, platforms, and con- 
stellation aggregates. The spacecraft systems program element will 
focus on geostationary platform capability, definition and delinea- 
tion of critical mechanisms, and designs which require advanced 
development efforts. Detailed engineering systems analysis will be 
continued to determine the efficiency of future tethered platform 
applications. Second generation shuttle concept studies and ad- 
vanced developments will continue. In the crew systems area, new 
life support system concepts and advanced developments will con- 
tinue focusing on post-Space Station era manned missions. Also, in 
the crew systems area, new capabilities for EVA will be pursued. 
Generic stu.di, regarding orbital debris, large structures, and 
system applications will be continued. Advanced manned missions 
beyond the Space Station will continue to be studied with expanded 
scope and increased depth. Studies will be conducted to identify po- 
tential lunar/Mars missions and their potential demands on the 
STS. 

TETHERED SATELLITE Sysrm 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Tethered satellite system: 
Estimated f d  year 1987 ............................................................................. $10,60O,OOO 
Authorization f d  year 1988 ...................................................................... 7.300,OOO 

The development of a Tethered Satellite System CrSs) will p r e  
vide a new reuseable facility for conducting space experiments at 
distances up to 100 kilometers from the Shuttle orbiter while being 
held in a fured position relative to the orbiter. A number of signifi- 
cant scientific and engineering objectives can be uniquely under- 
taken with a TSS facility such as the observation of important at- 
mospheric processes occurring within the lower thermosphere, new 
observations of crustal geomagnetic phenomena, and entirely new 
eiwtrodynlimic ~Jxperirri~iits inki~ciiiig i+%h the e p ~ e  plasma. 
This is being undertaken as a cooperative development program 
with the Italian government. Formal signing by representatives of 
both governments of a Memorandum of Understanding took place 
in March 1984. 

The United States is responsible for overall program manage- 
ment, overall systems engineering and integration, Orbiter integra- 
tion, ground and flight operations, and development of the deploy- 
ment mechansim. The US. effort was initiated in 1984. The Ital- 
ians are responsible for the design and development of the satellite, 
and the European instruments being flown on the joint missions. 
They initiated their development efforts in 1984. 

The FY 1988 funding of $7.3 million reflects a phase down of the 
hardware design and development consistent with a delay in the 

Challenger accident. Current plans call for completion of hardware 
assembly in FY 1987 and delay in systems qualification until FY 
1989. Contractor manpower levels will be minimized consistent 
with science and Italian interface requirements. Late FY 1988 will 
see the start of preparations for completion of deployer qualifica- 
tions efforts. Mission Operation Planning and Dynamic Simula- 
tions of on-orbit tethered satellite operations are planned to contin- 
ue throughout FY 1988. 

ORBITAL MANEUVERING VEHICLE 

. .  
a ~ i y i i i ~ i i i i g  vei&kition flight from 1955 t~ ?99C CZES~C! by the 

FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Orbital maneuvering vehicle: 
Estimated fiscal year 1987 ............................ .............. $45,000,000 

The Orbital Maneuvering Vehicle (OMV) will provide a new STS 
reusable extension capability for conducting orbital operations with 
spacecraft and payloads beyond the practical operational accessibil- 
ity limits of the baseline STS. By means of direct man-in-the-loop 
control, the spacebaseable resuable OMV, operating as far as 1200 
nautical miles altitude above the orbiter, will provide delivery, ma- 
neuvering, and retrieval of satellite payloads to and from altitudes 
or inclinations beyond the existing STS capability; reboost of satel- 
lite to original operational altitudes or higher; delivery of multiple 
payloads to different orbital altitudes and inclinations in a single 
flight; and safe deorbit of satellites which have completed their 
useful life. It will be designed to serve the Space Station as well 
and to accommodate the add-on of future “mission kits” as needed 
to support more advanced missions such as the servicing of satel- 
lites and platforms and the retrieval of space debris which could 
represent an orbital hazard to all future space missions. TRW was 
competitively selected and js now under contract to develop the 
OMV. 

Authorization fiscal year 1988 ..................... 

3 1  
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3. PHYSICS AND ASTRONOMY 

AUTHORIZATION, $577,100,000 

NASA REQUEST, $567,100,000 

FISCAL YEARS 1987 AND 1988 FUNDING LEVEIS 

Authorization 
fisalyear1988 

Hubble space telescope development ..................... 
Gamma ra obeervatory development ................... 
Spacelab/d& Station payload development 

and mission management 
Explorer development .......... 
W o n  operation and data analpis ..................... 
Research and analpis ........ 

$101,300,000 
50,500,000 1 
90,100,000 
56,700,000 

125,700,000 
53,400,000 

552,800,000 I 

$98,400,000 
49,100,000 

95,400,000 
70,300,000 

128,100,oOo 
60,100,000 
75,700,000 

577,100.000 

The objectives of the Physics and Astronomy program are to in- 
crease understanding of the origin and evolution of the universe, 
the fundamental laws of physics, and the formation of stars and 
planets. The objects under study include the most distant clusters 
and galaxies, stars and structures in nearby galaxies, and the mter- 
stellar medium in our galaxy. The most unusual and exotic p h e  
nomena exhibited as quasars, black holes, neutron stars, and pul- 
sars are of particular interest. We also include our own Sun, with 
ita multitude of time varyin phenomena at all scales of spatial 
resolution. Space research a6ows observations in wavelength r e  
gions, such as the infrared, ultraviolet, or x-rays and gamma rays, 
which are absorbed by the earth’s atmosphere; or in the visible 
region, where ground based work is limited by atmospheric distortr 
ing effects. We also couple these observations to thcee of cosmic ray 
particles, which have their origin in energetic acceleration proteas- 
es odcurring in sites such as solar flares and supernovae. 

The objectives of the program are accomplished with a mixture 
of large, complex free flying s ace missions, less complex Explorer 
spacecraft, Shuttle/Spacelab gghts ,  retrievable Spartans, and sub 
orbital opportunities. The latter include balloons, aircraft, and 
sounding rocket flights. In the future, the Space Station wil l  
vide a n  opportunity for both attached payloads and major 
fl@g observatories requiring assembly, maintenance, and refur- 
blshment on-orbit. The entire program rests on a solid basis of sup 
porting research and technology, data analysis, and theory. 

Research teams involved in this program are located at universi- 
ties, industrial laboratories, NASA field centers, and other govern- 
ment laboratories. The scientific information obtained and the 
technology developed in this program are made available to the sci- 
entific communities and the general public for application to the 
advancement of scientific knowledge, education and technology. 

The Physics and Astronomy missions undertaken to date have 
been extraordinarily successful. Recently, these include the High 
Energy kstronomical Observatories (HEAO, 1977-1979),. the Iter- 
national Ultraviolet Explorer W E ,  19781, the Solar Maxunum ME+ 

sion (SMM, 1980) and the Infrared Astronomy Satellite (IRAS, 
1983). The IUE and the SMM are still operating, and new scientific 
results are continually emerging from these, as well as the high 
quality data sets archieved from the HEAOs and the IRAS. 

The Hubble Space Telescope, to be launched by the Space shuttle 
in late 1988, will provide an international spaceborne astronomical 
observatory capable of measuring objects appreciably fainter and 
more distant than those accessible from the ground, since it will be 
above the turbulent and absorbent atmosphere. This telescope will 
be able to resolve special features by a factor of ten better than the 
typical ground based optical telescope, and will observe the uni- 
verse a t  approximtely seven times the distances now possible. This 
means some 350 times the volume of the present universe will be 
available for study. This increased capability will allow us to ad- 
dress basic questions as the origin, evolution, and disposition of gal- 
axies, quasers, clusters, and stars, thus allowing us to significantly 
increase our understanding of both the early and present universe; 
its beginning and end. 

The Gamma Ray Observatory (GRO) mission will be launched by 
the Space Shuttle in 1990. This mission will measure gamma rays, 
which are produced by the most energetic and exotic fundamental 
physical processes occurring in nature. Instruments on this mission 
will provide unique information on phenomena occurring in qua- 
sars, active alaxies, black holes, neutron stars, supernovae, and 
the nature of the mysterious cosmic gamma-ray bursts. 

Definition studies of the advanced technology will continue on 
the other observatories, i.e. the Advanced X-Ray Facility (AXAF) 
and the Space Infrared Telescope Facility (SIRTF). The AXAF will 
provide a capability some 10 times more sensitive than the HEAO- 
2 to understand the multi-million degree thermal and non-thermal 
processes which occur in quasars, clusters of galaxies, supernovae 
remnants, binary stellar systems involving compact objects, and 
stellar corona. Many of these objects are end points of cosmic e v e  
lutionary cycles. SIRTF, on the other hand, will measure phenom- 
ena associated with the beginning of an evolutionary cycle. This in- 
cludes cosmic dust, cool interstellar material, star formation, and 
proto-planetary nebulae in both our galaxy and the most distant 
ones. 

The Explorer program, since the inception of the U.S. space prcr 
gram, has been the means for fast-turnaround scientific space mis- 
sions. The Physics and Astronomy Explorers have been extremely 
successful. The IUE, a U.S./ESA endeavor has recently shown that 
our galaxy has a halo of gas at over a million degrees, which the 
IRAS, a joint U.S./U.K./Netherlands project, has detected and cat- 
aloged over 300,000 sources on the sky, and has shown star forma- 
tion in other galaxies is a more prevalent and important activity 
than previously thought. At least one quaser has been shown to 
have its dominant energy release in the infrared spectral region. 
Since the IRAS completed operations in late 1983, these discoveries 
have come from analysis of archieval data, and many more results 
can be expected. 

Two major Explorer missions are now under development: the 
Cosmic Background Explorer (COBE) and the Extreme Ultraviolet 
Explorer (EUVE). A third mission, the X-ray Timing Explorer 
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Total ................................................................. 

(XTE) is under definition. In addition, a US. instrument is being 
developed for inclusion on the Roentgen Satellite (ROSAT), being 
built by the Federal Republic of Germany. A Cosmic Ray Isotope 
Experiment (CRIE) is also being developed along with the Com- 
bined Released and Radiation Effects (CRRES) experiment for 
flight m 1YY2 on a Department of Defense spacecraft. Finally, we 
have concluded the selection of a US. team which will participate 
in the Japanese Solar-A mission (an explorer mission previously 
rAlld the High E n e r e  Solar Physics Minqion, HESP) Sn!nr-A wi!! 
be launched in 1991 to study the Sun during the upcoming solar 
maxlmum. 

The Astrophysics involvement in the Shuttle/Spacelab program 
will continue, with the flight of the h t r e l ,  a set of ultra-violet 
and soft x-ray telescopes and spectrometers, scheduled for 1989. 
The Astro-1, whose first flight, scheduled to observe Comet Halley 
in March 1986, was cancelled due to the Challenger accident, will 
investigate the interstellar medium by following up on discoveries 
made with the IUE. Many of the investigations originally sched- 
uled for Shuttle/Spacelab opportunities, such as Cosmic-Ray Nuclei 
Experiment (CRNE), the Heavy Nuclei Collector (HNC), the Shut- 
tle High Energy Astro hysics Lab (SHEAL), and the Spartan p r e  
gram have been cancel&, deferred or rescoped as a consequence of 
the loss of the Challenger. 

During the shuttle recovery period, suborbital observation from 
balloons, sounding rockets, and high-fl 'ng aircraft will take on in- 
creased significance. This enhanced e & -  will provide observations 
and instrument development opportunities for research groups. 
Furthermore, activities in the Research and Analysis W A )  and 
the mission Operations and Data Analysis (MO&DA) areas yill also 
be augmented in order to maintain this vital reseach base m Phys- 
ics and Astronomy. 

The committee added $10,000,000 to the NASA request to aug- 
ment the Explorer development. 

HUBBLE SPACE TELESCOPE DEVELOPMENT 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

$87,600,000 $85,000,000 
13,700,000 13,400,000 
101,300,000 98,400,000 

I Estimatedfiacal Authorization 
year 1987 1 fiscal year 1988 

never be carried out with ground-based observatories limited by the 
obscuring and distorting effects of the Earth's atmosphere. 

The Hubble Space Telescope will enhance the ability of astrono- 
mers to study radiation in the visible and ultraviolet regions of the 

and will allow the objects under study to be recorded in greater 
detail. It will make possible unique observations of objects so 
remote that the light will have taken many billions of years to 
reach the Earth. As a resuit, we wiii be abie to iook farther into 
the distant past of our universe than ever before. The Hubble 
Space Telescope will also contribute significantly to the study of 
the early state of stars sild the formation of solar systems, as well 
as the observation of such highly evolved objects as supernova rem- 
nants and white dwarf stars. With the Hubble Space Telescope, we 
may be able to determine the nature of quasars and the processes 
by which they emit such enormous amounts of energy; it may also 
be possib!e ta determine whether some nearby stars have planetary 
systems. 

The Hubble Space Telescope will be an automated observatory, 
delivered into orbit by the Space Shuttle. Data from its scientific 
instruments will be transmitted to Earth via the Tracking and 
Data Relay Satellite System. The Hubble Space Telescope design 
will permit on-orbit maintenance and repair, and/or retrieval by 
the Space Shuttle for return to Earth for required refurbishment 
and then relaunch by the Space Shuttle. 

During FY 1986, the Hubble Space Telescope (HST) Program 
completed the series of comprehensive functional and environmen- 
tal tests that had begun in FY 1985. The test series culminated in a 
highly successful thermal/vacuum test, which verified performance 
of the spacecraft, the science instruments, and the HST ground 
system under simulated orbital conditions. The results of these 
tests indicate that the flight and ground support elements of the 
HST system will meet or exceed the scientific performance objec- 
tives. The HST was on schedule for an October 1986 launch until 
the Challenger accident forced a replanning of the program to 
meet a launch date of November 1988. 

After the completion of the thermal/vacuum testing, the scientif- 
ic and engineering manpower assigned to the HST Program was re- 
duced to the minimum cadre needed to retain the critical skills and 
knowledge required to sustain the program through FY 1987. 
During the first half of FY 1987, this reduced level of effort will be 
used to bring the spacecraft to a final state of launch readiness and 
to complete functional verification of the ground system, whose de- 
velopment has been stretched out to permit the inclusion of meas- 
ures to increase the on-orbit efficiency of the HST and provide ca- 
pabilities originally scheduled for the post-launch period. After a 
systems validation test, the spacecraft will be retained in environ- 
mentallycontrolled storage until reactivated for pre-ship prepara- 
tions. In addition, the program will participate in a Failure Modes 
and Effects Analysis/Critical Item List re-review as required by the 

The FY 1988 funding level is required to maintain the irreplace- 
able skilled experts who have hands-on experience with the space- 
craft. During FY 1988, the HST Program will be performing addi- 

spectrum. It -.xi!! 1- mere sensitire thas gcund-bssed telescopes 

Spce  Trmsport2tior'. System. 
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tional safety and spacecraft review work as a consequence of the 
shuttle accident, as well as returning to the program manning 
levels needed to support preship functional testing of the HST 
system, transporting the spacecraft to Kennedy Space Center, and 
conducting launch preparations and operations a t  KSC. 

GAMMA RAY OBSERVATORY DEVELOPMENT 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

$34,500,000 $34,100,000 
16,000,000 15,000,000 

~,500,000 49,100,000 

I FMimatedfd Authorization 
Year 1987 I fiscalyear1988 

ing through the STS or reboost by the Orbital Maneuvering Vehi- 
cle (OMV) to obtain an extended lifetime. 

In FY 1986, the detailed design of the spacecraft primary struc- 
ture was completed at TRW, the prime contractor, and manufac- 
turing and assembly of the structure was initiated. In addition, fab- 
rication and assembly of instrument hardware was continued. 

In N 1987, instrument calibration and testing will continue. As- 
sembly of the spacecraft structure will be completed, electronic 
manufacturing will continue, and all government furnished proper- 
ty subsystems for GRO will be delivered. 
FY 1988 funding is required for completion of the Spacecraft 

modal survey and static load testing. In addition, the fabrication 
and testing of the spacecraft attitude control and power system 
electronics will be completed. The development of the GRO mission 
operations and data systems will be continued and the implementa- 
tion of the payload operations control center (POCC) for GRO will 
be completed. Funding is also required for final testing, calibration 
and shipment of all four science instruments to the spacecraft con- 
tractor for the beginning of spacecraft integration and testing. 

SPACELAB/SPACE STATION PAYLOAD DEVELOPMENT AND MISSION 
MANAGEMENT 

FISCAL YEAR 1987 AND 1988 FUNDING LEVELS 
Spacelab/Space Station payload development and mission management: 

Estimated fmcal year 1987 ............................. 
Authorization b c a l  year 1988 ...................... 

A primary objective of the Spacelab Payload Development and 
Mission Management program is to develop instruments used for 
Shuttle/space flight investigations in the disciplines of physics and 
astronomy on board the Space Shuttle or Spacelab carriers. These 
science payloads include sounding rocket class experiments for 
flight on the Space Shuttle. 

A second objective is to initiate the necessary planning, defini- 
tion and development of payloads and missions as the Office of 
Space Science and Applications (OSSA) begins its preparations as a 
future major user of the Space Station complex. This new focus in- 
cludes the study definition of integration and operational require- 
ments of potential Space Station payloads and missions, in antici- 
pation of the new, integrated methods of conducting scientific re- 
search which the Space Station will offer. 

Another major objective is to manage the mission planning, inte- 
gration, and execution of all NASA Spacelab and attached pay- 
loads. This includes system management and engineering develop 
ment of flight support equipment and software; development of cer- 
tain interface hardware; payload specialist training and support, 
integration of the science payloads with the Spacelab system; pay- 
load flight operations; data dissemination to experimenters, and 
initial analysis of flight data from physics and astronomy science 
payloads. Similar mission management activities will be carried 
out for Space Station payloads as they enter the development 
phase and interface requirements become well defined. 

Instruments are currently under development for several Shut- 
tle/Spacelab missions with primary emphasis on physics and as- 



tmnomy. Each of these instruments is typically developed by a 
principal investigator to carry out a specific scientific investigation; 
several instruments with closely allied or compatible objectives will 
general1 be flown as an integrated mission. In many casea, the 
principdinvestigator heads a team of coinvestigators. Investigators 
are generally members of the university community, but may also 
represent government or industry research facilities, or foreign co- 
operative research activities. 

-&hvd~pms& h =e=t;s!” M--p!&g f=r the three u!trs;+&t 
telescopes and two widefield cameras to be flown on the Astro-1 
mission. This mission is designed to conduct investigations in ultra- 
violet imaging, spectro hotometry, and polarimetry at very high 
resolution. It will be abpe to observe a broad range of objects, from 
nearby comets and planets to the most distant quasars. This mis- 
sion is scheduled for flight in early 1989. 

Work is proceedin on instruments for the Shuttle High Energy 
Astrophysics Lab &HEAL.,. This mission, planned for flight in 
1992, will study the diffuse X-ray background and measure X-ray 
spectra of point and extended sources. 

Mission management activities are continuing on several other 
space science and applications missions, such as the Atmospheric 
Laborato for Applications and Science (ATLAS). The first of this 
series wilyfly in early 1991. The mission will incorporate a large 
number of instruments designed to study the complex relationshi 
of solar irradiance, atmospheric composition and changes, and tg 
nearearth plasma environment. Other examples include flight of 
an imaging radar in the early 1990’s; a series of Spacelab Life Sci- 
ence missions (SLS), the first scheduled for launch in December 
1989; a joint microgravity mission with the Japanese (SM);. a 
series of cooperative International Microgravlty Laboratories 
(IML’s); and fli4ht of the ongoing series of Materials Science Lab- 
oratories (MSLs). Mission management activities also support 
other (non-OSSA) ayloada. For example, the Space Station heat 

ipe advanced ra8ator element experiment payload will test a 
[eat rejection system with high potential for future spaceborne a p  
plications. 

Mission management of ongoing Spacelab missions will continue 
in F’Y 1988. For non-physics and astronom missions, such as the 
Spacelab Life Sciences missions (SLS) and t i e  International Micro- 
gravity Lab (IML), this includes all spacelab efforts except instru- 
ment development and data analysis. Development of instruments 
will continue for the Space Plasma Lab as well as for the Shuttle 
High Ener Astrophysics Lab. For the Astro-1 mission, final inte- 
gration an? test activities will resume, in preparation for a 
planned flight in early 1989. FY 1988 funding will support the con- 
tinued development of low-cost sounding rocket class 
which will be flown on the Space Shuttle to provide more 8$?$ 

In addition, FY 1988 funding is required to continue ongoing 
S ace Station payload development and planning activities. FY 
1888 funding will support continued early definition. design and de- 
velopment activities for payloads selected for early Space Station 
flights. Other planning activities will address concerns or issues 
that typically cut across OSSA disciplines, and will include contin- 

p~rtiliiiti~s fci the ~ i e i i i ~  ixmmiinity. 

ued science operations concept development, information systems 
concept and architecture studies, servicing studies, platform utiliza- 
tion studies as well as other special systems engineering and inte- 
gration support studies. 

EXPLORER DEVELOPMENT 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Cosmic background explorer ................................... 1 $31,500,000 1 $16,000,000 
Extreme ultraviolet explorer ................................. 14,700,000 31,400,000 
Roentgen satellite experiment6 .............................. 1 2,700,000 ~ 2,500,000 
Combined release and radiation effects eatel- 

2,600,000 , 2,800,000 Other ExploreR ......................................................... 
5,400,000 

10,000,000 

............................................................................ lite ~ 2,200,000 1 2,200,000 

Total ................................................................. 1 56,700,000 ~ 70,300,000 

Investigations selected for Explorers are usually of an explorato- 
ry or survey nature, or have focused specific objectives not requir- 
ing the capabilities of a major observatory. Past Explorers have dis- 
covered radiation trapped within the Earth’s magnetic field, inves- 
tigated the solar wind and its interaction with the Earth, studied 
upper atmosphere dynamics and chemistry, mapped our galaxy in 
radio waves and gamma-rays, and determined the properties of the 
interstellar medium through ultraviolet observations. 

Recent Explorers have performed active plasma experiments on 
the magnetosphere, made in-situ measurements of the comet Gia- 
cobinni-Zinner, and completed the first high sensitivity, all sky 
survey in the infrared, discovering over 300,000 sources. 

Explorers under development will study the properties of the 
cosmic microwave background which is important for understand- 
ing the early universe and cosmology, survey the sky in the ex- 
treme-ultraviolet for the first time, and measure time variable phe- 
nomena in X-ray sources. These data elements have proven to be 
some of the most important signatures of the nature of these phe- 
nomena. The Explorer program also provides a means of imple- 
menting instruments on “target of opportunity” missions, such as 
those involving international collaboration, or other Federal agen- 

Solar-terrestrial and atmospheric Explorers provide a means for 
conducting studies of the Earth’s near space environment. The 
International Sun Earth Explorer (ISEE-1977), International Come- 
tary Explorer (ICE-1978). Dynamics Explorer (DE-19811, and Ad- 
vanced Magnetic Particle Trace Experiment (AMPTE-1984), have 
provided data on plasmas and fields, near the earth and through- 
out the interplanetary medium. The ISEE and ICE data sets have 

space plasmas, as well as several plasma wave instabilities and ki- 
netic effects which cannot be reproduced in the laboratory. The 
ICE encounter with Comet Giacobinni-Zinner and the AMF’TE arti- 
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ficial comet releases late in 1985 prepared the HaUey armada for 
their historic encounters. The IMP-8 satellite, now almost 13 years 
old, is the only existing monitor for the solar wind as a lasma 
input to the geo~pace environment, and provides a near& base- 
line for missions to the other planets. 

Astrophysics ex lorers have been the principal means for con- 
ducting the first s! surveys in the gamma ray, X-ray, ultraviolet, 
infrared, and low f q u e n c y  radio regions of the electromagnetic 

rum. The IUE (1978) is still operating, and has shown that our r alaxy has an extended hot halo, that the local interstellar 
medium is much more tranparent and less hom neous than ex- 
pected, and determined the spectra of hundreds r h o t  stars which 
are losing mass. The IRAS (1983), in nearly a y~ of opefation, 
performed a complete sky surve over the 10-100 rmcron w o n ,  lo- 
cating over 300,000 sources. k major discovery is a dust ring 
around a nearby star, Vega, which is believed to be a p r o b p l a n e  
tary nebula. .IRAS has also ~talogued many new asteroids, discov- 
ered properties of star-forming regions in ours as well as external 
galaxies, and has provided new data on energetics and processes in 
active galaxies, including quasars. 

A number of small or coo rative activities are also inc1uded.h 
the Explorer budget. The K a v y  Nuclei Collector (I-INC), whch 
consists of an array of passive cosmic ra detectors developed for 
inclusion on the Long Duration Ex ure gacility O E F ) ,  has been 
cancelled due to budgetary and E n c h  opportunity constraints. 
Scheduled for launch in 1987 on a Scout expendable launch vehicle, 
is the San MarceD mission. A cooperative effort with Italy, this 
project will include a group of U.S. experiments to study the rela- 
tionship between solar activity and meteorological henomena on 
the Earth. The Cosmic-Ray Isotope Experiment (CRd). is to be com- 

leted for inclusion in the Combined Release and &&ation Effects 
Eatellite (CRRES), an Air Force Mission now scheduled for 1992. 
The CRRES will also release trace chemicals, whose transport m 
the magnetosphere can be observed from ground and airborne 
based instruments. 

In FY 1986, a new cooperative mission called Solar-A (formerly 
High Ener Solar Mission, HESP), was initiated m t h  the Japa- 
nese. Solar3 will be launched in 1991 to study the Sun dunng the 
upcoming solar maximum. The U.S. has selected a n  instrument for 
this spacecraft, which will relate energetic solar henomena and 
dynamic coronal structures seen in hard and soft i - rays  to the b 
pology of evolving solar m etic fields. This will be the fmt si- 
multaneous observations of%&e phenomena from space. 
In FY 1987, development continues on the Cosmic Background 

Explorer (COBE), the Extreme Ultraviolet Explorer (EUVE), and 
on the X-ray imaging instrument to be flown on the German 
Roentgen Satellite (ROSAT). COBE will carry out a definitive, id!- 
sky exploration of the infrared background radiation of t‘ ,le uni- 
verse between the wavelengths of a micrometer and 9.6 millime 
ters. Because COBE requires a polar orbit, and the opening of the 
West Coast Shuttle launch facility has been postponed, the decision 
was made to launch the COBE spacecraft on a Delta expendable 
launch vehicle in early 1989, a slip of 9 months from the original 
launch date of July 1988. Funding in FY 1987 will be used to con- 

tinue development and testing of the three COBE instruments and 
to redesign the COBE spacecraft to fit on the Delta vehicle. Design 
and development also continues on EUVE, which will carry out the 
first detailed all-sky survey of extreme ultraviolet radiation be- 
tween 100 and 900 angstroms. 

ROSAT, a cooperative project between the Federal Republic of 
Germany (FRG) and the United States will perform a high resolu- 
tion imaging survey of the X-ray sky and provide inde th  studies 
on selected objects. The US. will provide one of the ROfAT instru- 
ments and the launch services; Germany will provide the space- 
craft, telescope, and other instruments. The X-ray imaging instru- 
ment being provided by the US.  will be delivered in the second 
quarter of FY 1987. Although ROSAT is currently manifested for a 
1994 Shuttle launch, a possible launch on an expendable launch ve- 
hicle in late 1989 or early 1990 is also under consideration. 

Definition and design will continue in FY 1987 on the X-ray 
Timing Explorer. This mission, the last currently planned major 
effort in the Explorer line, can be ready for launch as early as 
1993. During FY 1986, a “Dear Colleague” letter was issued to 
obtain proposals for future Explorers. Over 43 were received, and 
these will be evaluated in FY 1987, but selection for further study 
will depend on the availability of future launch opportunities for 
the Explorer program. 

During FY 1988, the reconstruction, integration and test of the 
COBE spacecraft structure and its instruments will be completed, 
and the spacecraft will begin prelaunch preparations. The major 
activity will be on the E W E  development. Activities on ROSAT, 
and the development of the US. instrument for the Japanese 
Solar-A will also continue. 

MISSION OPERATIONS AND DATA ANALYSIS 
FISCAL YEARS 1987 AND 1985 FUNDING LEVELS 

I Estimated f d  Authormation I fmal year 1988 year 1987 

The purpose of the mission operations and data analysis effort is 
to conduct operations and analyze data received from physics and 
astronomy spacecraft after launch. The program also supports the 
operation of a number of spacecraft after their originally planned 
objectives have been achieved, for purposes of conducting specific 
investigations that have continuing, high scientific significance. 
The funding suports the data analysis activities of the many inves- 
tigators at universities and other research organizations associated 
with astrophysics and solar terrestrial operational satellite 
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projects. Actual satellite operations, including control centers and 
related data reduction and engineering support activities, are typi- 
cally carried out under a variety of mission support or center s u p  
port contracts. 

In addition to the normal support required for mission oper- 

unique aspects which must be provided for in advance of the 
launch. The Hubble Space Telescope is designed to operate for 
more than a decade, using the Space Shuttle/Orbital Maneuvering 
Vehicle combination and/or Space Station for on-orbit mainte- 
nance of the spacecraft and in-orbit changeout or repair of the sci- 
entific instruments. 

The Hubble Space Teiescope will be used primarily by observers 
selected on the basis of proposals submitted in response to periodic 
solicitations. Science operations will be carried out through an in- 
dependent Hubble Space Telescope Science Institute. The Institute 
will operate under a long-term contract with NASA. While NASA 
will retain operational responsiiiiiity for the observatory, the Insti- 
tute will implement NASA policies in the area of planning, man- 
agement, and scheduling of the scientific operations of the Hubble 
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Space Telescope. 
The FY 1988 funding level is required to maintain critical skills 

for the owration and maintenance of the Hubble &ace TelescoDe, 
and to piepare for launch activities in the first quaker of FY 1989: 

Mission operations data analysis, and guest investi ator pro- 
grams will continue for the Solar Maximum Mission 8MM) and 
the International Ultraviolet Explorer (IUE). Funding will also con- 
tinue for the High Energy kstronomical Observatories (HEAO 1-3), 
and the Infrared Astronomy Satellite (IRAS) data analysis. These 
programs have produced valuable data sets which are used by a 
wide segment of the astronomy community. 

RE~EARCH AND AVALYSIS 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

year 1987 

$46,500,000 1 %$$E I 13,600,000 
Supporting research and technology ..................... 
Advanced technology development ........................ 

60,100,000 Total ...... . . . . . . . . . . . . . . . . . _. . . . . . __. __. . . . . . . . . .. . . . . . . . . . . . . .. ._. ._ 53,400,000 

This program provides for the preliminary studies required to 
define missions and/or payload requirements, as well as providing 
a research and technology base necessary to define, plan and s u p  
port flight projects. 

Supporting Research and Technologv (SR&T).--The obiectives of 
Supporting Research and,Technology are to: (1) optimize the return 
expected from future mlssions through scientific problem defini- 
tion, development of advanced instrumentation and concepts, and 
-,.....A A,.C..:*;,.- -r -_--..--A _-__. __I_____.  I C ) )  --I. -_- -  AL.. . . -I . .-  -r 

current space missions by carrying out complementary and supple- 
mentary ground-based observations and laboratory experiments; (3) 
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develop theories to explain observed phenomena and predict new 
ones; (4) strengthen the technological base for sensor and instru- 
mentation development and conduct the basic research necessary 
to understand astrophysics phenomena and solar-terrestrial rela- 
tionships; and (5) the continued acquisition, analysis and evaluation 
of data from laboratories, balloons, rocket and spacecraft activities. 

Research is supported in the disciplines of astronomy, astrophys- 
ics, gravitational physics, and solar and heliospheric physics. Re- 

galaxies, interstellar and intergalactic matter, and cosmic rays. 
The work in solar and heliospheric physics involves the study of 
the solar atmosphere, solar flares; and the influence of the Sun on 
interplanetary phenomena. The theory activities are related to all 
the Physics and Astronomy disciplines and are critical to the corre- 
lation of available information. The SR&T funding will provide for 
continuation of definition work on Gravity Probe-B. The develop- 
ment of new instruments. laboratory and theoretical studies of 
basic physical processes, and observations by ground-based and bal- 
loon-borne instruments will also be continued. Results achieved in 
the SR&T program will have a direct bearing on future flight pro- 
grams. For example, the development of advanced X-ray, ultravio- 
let, and infrared astionomy imaging devices under this program 
may enable spacecraft to carry instruments for astronomical obser- 
vations which have increased orders of magnitude in sensitivity 
and improved resolution over currently available detectors. 

The SR&T program carries out its objectives through universi- 
ties, nonprofit and industrial research institutions, NASA centers 
and other government agencies. Current emphasis is being placed 
on stiidies of advanced instrumentation with increased sensitivity 
and resolution. 

Advanced Technological Development (ATD).-The Advanced 
Technological Development activities support detailed planning 
and definition of new potential physics and astronomy missions. 
ATD activities assure that future missions address the scientific 
questions most important to the evolution of knowledge in the 
field, and that those missions use the appropriate technology and 
techniques. Funding is applied to the definition and preliminary 
design for specific missions for subsystem/elements critical to en- 
ventual mission development in order that technical readiness and 
resoruces requirements may be adequately defined before the mis- 
sions are proposed for implementation. 

Candidate missions for the 1980s and early 1990s that require 
ATD activities include the Advanced X-Ray Astrophysics Facility 
(AXAF) and the Space Infrared Telescope Facility (SIRTF). The 
AXAF mission, which is the first priority new mission recommen- 
dation in astronomy by the National Academy of Sciences, will 
study stellar structure and evolution, active galaxies, clusters of 

planned to have a sensitivity approximately 100 times that of 
HEAO-2, a resolution increase of nearly a factor of twenty and an 
increase in wavelength range by a factor of two. The SIRTF will 
observe faint, cool infrared sources in the universe and will signifi- 
cantly build on the IRAS science foundation. Major Specelab pay- 
loads being considered for future missions and requiring advanced 
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technological development support include the Pinhole/Occulter 
Facility, a detector for imaging hard X-rays from solar and cosmic 
sources. During FY 1987, major emphasis will be on completing the 
AXAF definition and deepening the technological and system un- 
derstanding of science instruments selected for definition. Techne 
logical preparation for SIRTF will also continue. 

During FY 1988, the supporting research and technology p r e  
gram will support those tasks which contribute to maintaining a 
firm base for a viable physics and astronomy program. FY 1988 
funding will also support continued studies on potential candidate 
missions such as the Advanced X-ray Astrophysics Facility and the 
Space Infrared Telescope Facility. In the data analysis activities to 
be carried out at university and government research centers in 
N 1988, emphasis will be placed on correlative studies involving 
data acquired from several sources (spacecraft, balloons, sounding 
rockets, research aircraft and ground observatones). The Gravlty 
ProbeB activities in FY 1988 are designed to verify the entire GP- 
B design, leading to confidence in the information necessary to 
decide the feasibility of progressing into the next phase of design 
and development activities. 

SUBORBITAL PROGRAMS 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Ektimated fd 
year 1987 

Authorization 
fwal year 1988 

Sounding rocketa ....................................................... 
Airborne science and applications ......................... 
Balloon program ........................................................ 
Spartan ........................................................................ 

31,600,000 
7,900.000 8,200,000 

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

The suborbital program uses balloons, aircraft, and sounding 
rockets to conduct versatile, relatively low cost research of the 
Earth’s ionosphere and magnetosphere, space plasma physics, stel- 
lar astronomy, solar astronomy, and high energy astrophysics. Ac- 
tivities are conducted on both a national and on a n  international 
cooperative basis. 

Sounding Rockets.-A major objective of the Sounding Rocket 
program is to support a coordinated research effort. Sounding rock- 
ets are uniquely suited for performing low altitude measurements 
(between balloon and spacecraft altitude) and for measuring verti- 
cal variations of many atmospheric parameters. Special areas of 
study supported by the Sounding Rocket program include the 
nature, characteristics, and composition of the magnetosphere and 
near space; the effects of incoming energetic particles and solar ra- 
diation on the maenetosDhere, including the production of aurorae 
and the coupling :f engrgy &to the atmosphere; and the nature, 
characteristics, and spectra of radiation of the Sun, stars and other 
celestial objects. 

Additionally, the Sounding Rocket program provides the physics 
and astronomy program with the means for flight testing mstru- 

ments and experiments being developed for later flight on the 
Shuttle/Spacelab and space probes and for calibrating and obtain- 
ing vertical profiles in concert with current orbiting spacecraft. 

Forty-four rockets are currently scheduled for launch in FY 1987. 
Included in this number are eight NASA launches in Greenland as 
a follow-up to the FY 1985 effort. Of significant interest in FY 1986 
were two rocket launches to observe Halley’s Comet which were re- 
covered, field refurbished, and reflown for a total of four flights. 
These flights produced some of the data originally planned to be 
obtained from the Astro-1 Shuttle flight which was postponed as a 
result of the 51-L accident. An equivalent number of flights is 
scheduled for FY 1988. 

Airborne Science and Applications-Research with instrumented 
jet aircraft has been an integral part of the NASA physics and as- 
tronomy program since 1965. For astronomy research, the Airborne 
Science and Applicacions program operates the “Kuiper Airborne 
Observatory.” This full-scale manned facility consists of a C-141 
equipped with a 91-centimeter infrared telescope. The C-141 air- 
craft, able to fly for several hours at altitudes approaching 13 kilo- 
meters, provides a cloud-free site for astronomical observations. 
The ability to carry out observations at this altitude, above most of 
the infrared-absorbing water vapor in the Earth‘s atmosphere, has 
been essential in expanding astronomical observation into the in- 
frared region of the electromagnetic spectrum from one microme- 
ter to hundreds of micrometers. 

In FY 1986, the C-141 flew 73 science flights to make far-infra- 
red observations, including exploration of the star-forming regions 
and of other areas in our own galaxy and solar system. An expedi- 
tion to New Zealand in the spring provided the only detailed study 
of infrared emissions from Comet Halley as it became visible short- 
ly after perihelion. In FY 1987, about 70 missions are planned, in- 
cluding five flights from Hawaii, and a planned expedition to make 
celestial observations from the southern hemisphere. FY 1987 ac- 
tivities also include initiation of a study to develop and evaluate al- 
ternatives for developing a stratospheric observatory for infrared 
astronomy (SOFIA) as a potential follow-on for the C-141 in the 
1990’s. SOFIA would incorporate a 3-meter class infrared telescope 
mounted in a suitable aircraft, presumably a Boeing 747. 

The Airborne Science and Applications program also operates an 
ER-2, two U-~CS, and a C-130. In addition, an aircraft has been 
acquired to replace the CV-990 research facility, “Galileo 11”, 
which was destroyed in 1985. The replacement, a DC-8, is undergo- 
ing modifications and is expected to be ready for science operations 
in late 1987. Acquisition of a second ER-2, to replace the aging U- 
2Cs is under way. These aircraft support other major segments of 
the Space Science and Applications programs dealing with the 
earth, the oceans, and the atmosphere. They may serve as test beds 
for newly developed instrumentation and allow demonstration of 
new sensor techniques before their flight on satellites or on Shut- 
tle/Spacelab missions. Data obtained from these aircraft are used 
to refine analytical algorithms, and to develop ground data han- 
dling techniques. For example, the ER-2/U-2Cs acquire strato- 
spheric air samples and conduct in-situ measurements at altitude 
ranges above the capability of more conventional aircraft and 
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below those of orbiting satellites. This capability is important in 
gaining an understanding of stratospheric transport mechanisms. 

Balloon progmms.-The balloon program provides a cost-effective 
means to test flight instrumentation in the space radiation envi- 
ronment and for making obbervaiioiis at d:titiides w k i c h  are zbve  
most of the water vapor in the atmosphere. Balloon experimenta- 
tion is particularly useful when studying infrared, gamma-ray, and 
CSSI+XE~ actrnnomy. In many instances it is necessary, because of 
size, weight, cost, or lack of other opportunities, to fly primary sci- 
entific experiments on balloons. 

In addition to the level-ofeffort science observations program, 
significant emphasis has been and will be placed on development of 
a balloon capable of lifting more than 3500 pounds, and to realize 
missions lasting several days. 

The balloon program funding is required for purchase of bal- 
!mons, helium, launch services, tracking and recovery, as well as for 
maintenance and operations of the National Scientific Balloon Fa- 
cility (NSBF) at Palestine, Texas. This facility supports the launch 
of about 80 percent of NASA's balloon payloads, and it is the Na- 
tion's primary means for carrying out large scientific balloon oper- 
ations. Funding for the experiments flown on balloons is provided 
from other research and technology programs supporting the vari- 
ous scientific disciplines. 

Spartan A.ograrn.-The Spartan missions involve lowcost Shut- 
tle payloads flown as autonomous subsatellites which are deployed 
and retrieved by the Space Shuttle. Six Spartan missions are cur- 
rently under development, each with a different scientific instru- 
ment. Spartans allow the accomplishment of single, specific scien- 
tific objectives with efficiency and simplicity. The first Spartan 
flew successfully in 1985. It obtained valuable, new X-ray data on 
the nuclear region of our own galaxy and on the vast cluster of gal- 
axies in the constellation Perseus. Detailed analysis of this data is 
continuing. The second Spartan, Spartan Halley, was lost with the 
Challenger. A third Spartan mission, manifested for FY 1991, will 
consist of a 17-inch diameter solar telescope with an ultraviolet cor- 
onagraph and a white light coronagraph to measure the intensity 
and scattering properties of solar light. 

FY 1988 funds will provide for continuation of the Sounding 
Rocket, Spartan, and Balloon programs including management and 
operation of the NSBF. This funding is also required to continue 
definition activities for balloon improvement and for potential long- 
duration balloon flights. In FY 1988, the Airborne Science and A p  
plications funding will be used to continue flights of the Kuiper 
Airborne Observatory. Requested FY 1988 funding will allow oper- 
ation of the DC-8, the ER-2's, and the C-130. Operation of these 
aircraft will allow continuation of airborne inirareci astronomy mx- 
ploration, collection and analysis of stratospheric air samples, test- 
ing of newly developed instrumentation, and the demonstration of 
new Bensor concepts. 

41,800,000 1 41,700,000 

4 LIFE SCIENCES PROGRAM 

NASA REQC'EST, $74,600,000 

AIJTHORIZATION, %74,600,000 

FISCAL YEARS 1RW AND 1 9 R R  FUNDING LEVELS 
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understanding the interaction between life on Earth and its physi- 
cal and chemical environment. 

The goals of the Space Medicine program are to assure space 
crew members’ health and ability to function effectively in the 
space environment. In the future, experience gained from medical 
operations in space flight will allow a broader segment of the popu- 
lation to participate in all aspects of space missions. Particular em- 
phasis is being placed on testing countermeasures designed to p r e  
vent physiological problems associated with exposure to the space 
environment. It is essential that long-term monitoring of space 
flight crews be performed in a standardized and organized fashion 
in order to develop risk factors and establish the long-term clinical 
significance associated with repeated exposure to the space envi- 
ronment. In addition, biomedical research is designed to under- 
stand the physiological basis for problems encountered in manned 
space flight. Areas of emphasis include: vestibular dysfunction, car- 
diovascular deconditioning, immunology, bone and muscle loss, and 
radiation damage. This research concentrates on trying to define 
potential flight protocols and countermeasures, first as space flight 
experiments and ultimately on an operational basis. 

The Advanced Life Support System program seeks ways to devel- 
op technologies for more efficient life support systems for the space 
program. It also undertakes the scientific work in chemistry and 
biology necessary to understand how life can be maintained in 
closed systems which receive only energy from the external envi- 
ronment. All are aimed at potential future needs of long duration 
manned space flight and lunar colonization. 

The goals of the Gravitational Biology program are to further 
our understanding of basic physiological mechanisms and the ef- 
fects of microgravity on plants and animals through the use of the 
space environment. Research, which includes both ground-based 
and space flight experiments, is focused on clarifying gravity-sens- 
ing systems; the effects of microgravity on reproduction, develop 
ment, physiology, and behavior; and gravity’s influence on the evo- 
lution of life on Earth. These studies are aimed at providing info?- 
mation essential to the long-term survival of plants and animals in 
space as well as an understanding of gravity’s past and present 
effect on life. 

The Exobiology efforts are concentrated on studies of life’s origin, 
with particular emphasis on developing sound hypotheses which 
could lead to discovering the relationships which may link the for- 
mation of the solar system and the origin of life. Ground-based re- 
search on model systems and analysis of extraterrestrial materials, 
coupled with the results of planetary flight experiments, are clari- 
fying the mechanisms and environments responsible for the chemi- 
cal evolution leading to life’s origin. Studies of life’s origin and evo- 
lution will be extended to enhance our understanding of the inter- 
action of the biota with the Earth’s present environment, and 
thereby provide a more comprehensive picture of life-its past, 
present, and future. 

The Biospherics Research Program seeks to utilize NASA tech- 
nology in remote sensing, combined with ground-based research 
and mathematical modeling, to study the biosphere (the thin layer 
around the Planet that contains all of terrestrial life). The goal of 

the program is to understand the structure and function of the bio- 
sphere in order to understand how global biological processes and 
planetary properties modify and modulate one another. Knowledge 
of these interactions will ultimately allow predictions of how the 
habitability of the Earth can be affected by human activities or 
natural phenomena. 

LIFE SCIENCES FLIGHT EXPERIMENTS 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Life sciences flight experiments: 
Estimated fiscal year 1987 _. ............................... $30,400,000 
Authorization fiscal year 19 .................................................. 32,900,000 

The objective of the Life Sciences Flight Experiments program is 
to assimilate information and scientific questions from the various 
life sciences disciplines and translate them into payloads designed 
to expand the understanding of the basic physiological mechanisms 
involved in adaptation to weightlessness. The program includes se- 
lection, definition, inflight execution, data analysis, and reporting 
on medical and biological investigations involving humans, animals 
and plants. Past experience indicates that humans clearly undergo 
physiological changes in weightlessness. Thus far these changes 
appear to be reversible upon return to Earth, however, rriany of the 
observed changes are physiologically significant and are not well 
understood. With weightless exposure beyond several months, these 
changes may prove irreversible. ShuttleISpace lab missions are 
suitable for gaining a greater understanding of the early response 
to weightlessness, which will improve the management of several 
existing problems (e.g., space adaptation syndrome) and will en- 
hance the confidence of estimating the physiological consequences 
of more sustained weightless exposure (e.g. Space Station). 

Current activities include the development of life sciences flight 
experiments to be flown on the first dedicated Life Sciences mis- 
sion (Space Life Sciences-1 (SLS-1)) which is scheduled for late 1989 
and will concentrate on human investigations. Many of the experi- 
ments and associated flight hardware flown on earlier Shuttle 
flights have supported and enhanced the preparations for SLS-1 
and subsequent missions. In addition, experiment development ac- 
tivities are currently underway to support the flight of the first 
International Microgravity Laboratory-1 (IML-1) mission in early 
1990. Human vestibular experiments, plant investigations, and 
animal support hardware test and checkout are planned. 

The investigations planned for SLS-1 and IML-1 explore the 
known problems of manned space flight through the use of both 
human and animal subjects, and also include key investigations in 
gravitational biology. Principal investigators will examine cardio- 
vascular adaptation, space adaptation syndrome, muscle atrophy, 
bone demineralization, early anemia in weightlessness, and the ef- 
fects of weightlessness on plant and animal development. The SLS- 
1 mission will be unique in several respects: it will be the first 
Shuttle/Spacelab mission dedicated entirely to life sciences, and 
will involve highly skilled scientists as payload specialists, thus 
permitting the use of numerous experimental techniques and pro- 
cedures never before utilized in space. 



In addition to the preparation and flight of previously selected 
experiments, increasing activity and emphasis will be directed te 
wards the study and definition of experiments which can be con- 
ducted on the Space Station. 

FY 1988 funding is required for the fmal preparation and flight 
of approved experiments and the continued definition and develop 
ment of new experimentn and herdwme that aril! h !lo-- o ~ ?  
future Spacelab/Shuttle missions-i.e., Shuttle middecks, Ja anese- 
J mission, the second dedicated life sciences mission ( k S - 2 ) ,  
German D-2 mission, IML-2, and SLs3. The selection of new ex- 
WiiKieiik thi-oiigh the 1?LI1110u11cemeiii ol' Gpporiunity (AG process 
is continuing. In addition, increasing activities are planned to sup 
port the development of Space Station Life Sciences experiments. 

RESEARCH AND ANALYSIS 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Life sciences research and analysis: 
Estimated fml  year 1987 $41,800,000 ...... 41,700,000 

The Life Sciences Research and Analysis program is concerned 
with ground-based and preflight research in basic biology and in 
those medical problem areas that affect manned spaceflight. The 
program is comprised of five elements: iij space medicine; (2) ad- 
vanced life support systems research; (3) gravitational biology; (4) 
exobiology; and (5) biospheric research. 

The Life Sciences Space Medicine program is responsible for 
bringing the technology and practice of medicine to bear on solving 
the problems of sustaining, supporting, and protecting individuals 
working in the space environment. The program provides the 
means for assuring the physical welfare, performance, and ade- 
quate treatment of in-flight illnesses or injuries to spaceflght 
crews. Such conditions as spatial disorientation, fluid shifts and en- 
docrine changes which can decrease performance, cardiovascular 
tolerance, and possibly aggravate latent diseases, will be carefully 
evaluated to determine preventive measures. To this end, careful 
medical selection, periodic evaluation of health status, and in-flight 
monitoring of the time required for adaptation to the space envi- 
ronment will be continually undertaken. The supporting applied 
science element of the Space Medicine program is accom lished 
through a biomedical research program and seeks to deveLp the 
basic medical knowledge needed to enable men and women to oper- 
ate more effectively in space. The program is organized into dis- 
crete elements, each designed to rectify a particular physiological 

roblem known or expected to affect the human or anism in space. 
h c h  problems as motion sickness, bone loss, and efectrol 
ances are under intense scrutiny not only to provide a tter un- 
derstanding of their underlying causes, but also to develop more ef- 
fective preventive measures. The program will make extensive- use 
ol' ground-based shuiat ion hhniques  which evoke, in both 
humans and animals, physiological changes similar to those seen in 
space. 

The Advanced Life Support Syskms r e a r c h  prngrpm co~cen-  
trates on enhancing our ability to support a longduration manned 

Authorization r i i  year lYb8 ..... 

c imbal- 

presence in space and optimizing the productivity of the Space 
Transportation System (STS) crews. Improvements are sought in 
spacecraft habitability and man-machine system engineering meth- 
ods as well as a means to provide air, water, and food to support 
life directly. The program has developed technology for building 
apparatus to regenerate spacecraft air and water supplies in flight 
and is investigatiiig the scieiiiific basis For new systems such as 
food recycling for long-term missions. Research is in progress on 
space suits for quick reaction situations and on innovative a p  
proaches to designing space tools and work stations. 

The tiravitational Miology program explores the role of gravity in 
life processes and uses gravity as an environmental tool to investi- 
gate fundamental biological questions. Specific objectives are to: (1 j 
investigate and identify the role of gravity in plant and animal be- 
havior, morphology and physiology; (2) identify the mechanisms of 
gravity sensing and the transmission of this information within 
both plants and animals; (3, identify the interactive effects of gravi- 
ty and other stimuli (e.g., light) and stresses (e.g., vibration and dis- 
crieiitatioii) on the development and metabolism of organisms; (4) 
use gravity to study the normal nature and properties of living or- 
ganisms; and ( 5 )  extend the limits of knowledge about plant and 
animal growth as well as long-term survival and reproduction in 
space. 

The Exobiology program is directed toward understanding the 
origin and evolution of life, and life-related molecules, on Earth 
and throughout the universe. Research encompasses the cosmic his- 
tory of the biogenic elements, prebiotic chemistry, early evolution 
of life, and evolution of advanced life. Understanding these process- 
es in the context of the planetary and astrophysical environments 
in which they occurred will be emphasized. Flight experiments on 
planetary missions and in Earth orbit are important program ele- 
ments. Theoretical and laboratory investigations are also included 
in this program to develop a better understanding of the conditions 
on Earth as related to early chemical and biological evolution. 

The Biospheric Research program explores the interaction be- 
tween the biota and the contemporary environment to develop an 
understanding of global bio-geochemical cycles. Laboratory and 
field investigations are correlated with remote sensing data to 
characterize the influence of biological processes in global dynam- 
ics. Biospheric modeling efforts are focused on integrating biology 
with atmospheric, climate, oceanic, terrestrial, and bio-geochemical 
cycling data to reflect the state of the biosphere as a function of 
both natural and anthropogenic perturbations. 

The Space Medicine program will collect information on occupa- 
tional exposures in zero-gravity on each Shuttle flight and conduct 
inflight clinical testing of countermeasures, especially in the areas 
of cardiovascular deconditioning, vestibular problems and muscle 
atrophy. The program will also develop health care procedures, 
equipment, and facilities compatible with the spare envirnnment. 
Medical selection standards will continue to be reviewed with an 
aim of gradually making space flight opportunties available to 
more of our population. The biomedical research element. will begin 
to nvnonrl its ..M,,.-..-l. -- -1----.-1---.--1 -LyyL.u I b*l "11 p ~ y & ~ u g ; l c a ~  ciiariges associated with 
longer exposure to weightlessness. Bone demineralization, muscle 



atrophy and cardiovascular deconditioning will be studied so that 
appropriate countermeasures can be devised. A.t the same time, 
problems associated with the initial adaptation to weightlessness, 
such as vestibular dysfunction and fluid shifts, will continue to be 
vigorously investigated. Furthermore, increased emphasis will be 
placed on radiation biology so that it will be possible to precisely 
measure dosages and effects of cosmic and solar radiation. This in- 
formation will be required to determine the proper radiation 
shielding of humans in space. The performance and efficiency of 
flight crews will be emphasized by research in psychology and 
human factors. 

The Advanced Life Support Systems program will continue to in- 
vestigate basic biological processes and physical methods to control 
the interior environments of manned spacecraft, and will continue 
development of data acquisition systems and computer technologies 
to analyze and simulate human physical activities. Laboratory 
plant growth methods developed in recent years will be scaled up 
to obtain a capability to produce plant material at efficiency and 
productivity level high enough for space life support applications. 

The Gravitational Biology program will focus on expanding the 
investigation of plant and animal gravity serving systems and 
gravitational effects on plant and animal reproduction and develop 
ment. Research which leads to or includes space flight experiments 
will be emphasized with the objective of resolving discrete biologi- 
cal problems. 

The Exobiology program will emphasize the development of new 
flight experiment concepts to clarify the non-biological mechanisms 
for the synthesis of biologically significant molecules in space, and 
completing definition of systems required before a search for extra- 
terrestrial life can be initiated. These concepts will be crucial to 
our understanding of the origin of life on earth as well as assessing 
the possibility of these processes occurring elsewhere in the uni- 
verse. 

The Biospheric Research program will place emphasis on improv- 
ing estimating techniques for determining the functional and struc- 
tural state of the terrestrial biomass by combining ground-based 
measurements with remote sensing data. Additional emphasis will 
be placed on characterizing biogenic gas fluxes of key atmospheric 
constituents. This information is required for the development of a 
better understanding of global bio-geochemical cycles. 

Emphasis will also be placed on the formulation of improved a p  
proaches to the operational management of space adaptation syn- 
drome. In-flight evaluation of these approaches will be conducted to 
provide the basis for the development of more effective counter- 
measures. There will be a n  expanded interdisciplinary approach to 
determining how to enhance the capabilities, performance, and effi- 
ciency of spaceflight crews. The object of this effort will be to allow 
humans, to the fullest extent possible, the opportunity to explore 
and work in space by improving the working environment and by 
facilitation of the human interaction with the automated devices 
that can be placed at their disposal. 

Galileo development ................................................. 
.................................................... 
.................................................... 

Mars Observer ............................................................ 
Mission operations and data analysis .................... 
Research and analysis .............................................. 

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

Estimated f d  
year 1987 

$71,200,000 
92,600,000 
10,300,000 
35,800,000 
80,000,000 
68,500,000 
358,400,000 

Authorization 
fd year 1988 

$55,300,000 
59,600,000 
10.8 00, 000 
64,300,000 
77,000,000 
75,300,000 
342,300,000 

The Committee added $35,000,000 to the NASA request to accler- 
ate the development of the Mars Observer so that it can be 
launched in 1992, on an expendable launch vehicle. 

The Committee has also directed that, within the planetary ex- 
ploration program, $64,000,000 may be used only for the planetary 
observer program. This program, as recommended by the Solar 
System Exploration Committee, is intended to provide low cost con- 
tinuous planetary exploration flight opportunities by establishing a 
series of missions based on high inheritance spacecraft m d  instru- 
ments. The Committee is disappointed that the first mission in this 
series, the Mars Observer, has been delayed past its original launch 
date of 1990. 

The Committee intends that this mission be strengthened by pro- 
viding spares for the Mars Observer and establishing a manifest 
baseline on an expendable launch vehicle. The Committee intends 
that NASA give preference to a commercially available ELV in 
carrying out this section. Furthermore, the spares procurred pursu- 
ant to this section should be used for a 1994 launch of the Lunar 
Polar Orbiter the next in the observer series, if they are not uti- 
lized by the Mars Observer. 

The Planetary Exploration program encompasses the scientific 
exploration of the solar system including the planets and their sat- 
ellites, comets and asteroids, and the interplanetary medium. The 
program objectives are: (1) to determine the nature of planets, 
comets, and asteroids as a means for understanding the origin and 
evolution of the solar system; (2) to understand the Earth better 
through comparative studies with the other planets; (3) to under- 
stand how the appearance of life in the solar system is related to 
the chemical history of the solar system; and, (4) to provide a scien- 
tific basis for the future use of resources available in near-Earth 
space. Projects undertaken in the past have been highly successful. 
The strategy that has been adopted calls for a balanced emphasis 
on the Earth-like inner planets, the giant gaseous outer planets, 
and the small bodies (comets and asteroids). Missions to these 
bodies start at the level of reconnaissance to achieve a fundamen- 
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tal characterization of the bodies, and then proceed to levels of 
more detailed study. 

The reconnaissance phase of inner planet exploration, which 
began in the 1960’s, is now virtually completed, although we still 
know little about the nature of the planet Venus’ surface. Mars 
has provided program focus because of its potential as a site of bio- 
logical activity. The Viking landings in 1976 carried the explora- 
tion of Xars ronvard to a high ievei of scientific and technological 
achievement, thereby setting the stage for the next step of detailed 
study. Analyses of meteorites and the lunar rock samples returned 
by Apollo continue to be highly productive, producing new insights 
into the early history of the inner solar system and thus leading to 
revision of our theoretical concepts. The Pioneer Venus mission is 
continuing to carry the study of the Earth’s nearest planetary 
neighbor and closest planetary analog beyond the reconnaissance 
stage to the point where we have now obtained a basic character- 
ization of Venus’ thick, massive atmosphere, as well as fundamen- 
tal data about the formation of the planet. 

The exploration of the giant outer planets began relatively re- 
cently. The Pioneer-10 missions to Jupiter in 1973 and 1974 were 
followed by the Voyager-1 and 2 spacecraft encounters in 1979. 
Voyager-1 then encountered Saturn in November 1980, and Voyag- 
er-2 in August 1981. The Voyager data on these planets, their satel- 
lites, and their rings have revolutionized our concepts about the 
formation and evolution of the solar system. Voyager-2 encoun- 
tered Uranus in January 1986 and has provided our first look at  
this giant outer planet. Its trajectory is carrying it to an encounter 
with the planet Neptune in 1989. The Pioneer-10 and 11 and Voy- 
ager-1 spacecraft are on trajectories heading out of the solar 
system, aa they continue to return scientific data about the outer 
reaches of the solar system. 

Both the Galileo orbiter/probe mission to Jupiter and the Ulys- 
ses mission to the Sun had been ready for launch in May 1986 on 
the Space Shuttle/Centaur Upper Stage. The Challenger accident 
in January 1986 forced a postponement of these launches and s u b  
sequent cancellation of the Centaur launch stage resulted in fur- 
ther reevaluations of these missions. The Magellan mission was 
also adjusted to accommodate a one-year launch delay caused by 
the Challenger accident and cancellation of the original Centaur 
up r stage. 

Eesent  plans now call for Galileo to be launched on a Shuttle/ 
Inertial Upper Stage (IUS) combination in the 1989-1990 time- 
frame. The comprehensive science payload will extend our knowl- 
edge of Jupiter and its system of satellites well beyond the pro- 
found discoveries of the preceding Voyager and Pioneer missions. 
During twenty-two months of operation in the Jovian system, Gali- 
lee will inject an instrumented probe into Jupiter’s atmosphere to 
make direct analyses, while the orbiter will have the capability to 
make as many as ten close encounters with the Galilean satellities. 

U!ysses k z jcir?t NASA 2nd E’;TO~&T Space Ageiicy activity. 
The mission will carry a package of experiments to investigate the 
Sun at high solar latitudes that cannot be studied from the Earth’s 
orbit. Ulysses prill be launched in the 1989-1990 timeframe using 
the Shuttie and IUUPAM-S launch stages. 

Magellan, formerly the Venus Radar Mapper mission, will pro- 
vide global maps of the cloud-shrouded surface of Venus, including 
its land forms and geological features. Using a synthetic aperture 
radar to penetrate the planet’s opaque atmosphere, Magellan will 
achieve a resolution sufficient to identify small-scale features and 
to address fundamental questions about the origin and evolution of 
the planet. Magellan will also obtain altimetry and gravity data to 
determine accurately the planet’s gravity field as well as internal 
stresses and density variations. With these data, the evolutionary 
nissiury ul‘ Venus ea11 ‘k ~0111ljii1ad with that of the Earth. Xagekii 
now is scheduled for launch in April 1989 from the Shuttle with an 
IUS. 

Mars Obsellier will follow up on the earlier discoveries of Mari- 
ner 9 and Viking and will emphasize the geologic and climatic evo- 
lution of this complex planet. Mars Observer will utilize a modified 
Earth-orbiting spacecraft, thereby benefiting from aerospace indus- 
try’s earlier investment in development. 

Beginning in iak 1985, we entered an exciting new phase of ex- 
ploration by making our first close-up studies of the solar system’s 
mysterious small bodies-comets and asteroids. These objects may 
represent unaltered original solar system material, preserved from 
the geological and chemical changes that have taken place in even 
small planetary bodies. By sampling and studying comets and as- 
teroids, we can begin to make vigorous inqiGres into the origin of 
the solar system itself. These efforts began with the encounter of 
Comet Giacobini-Zinner by the International Comet Explorer (ICE) 
spacecraft in September 1985 and continued through our involve- 
ment with the 1986 encounters and observations of Comet Halley 
by U.S. and foreign spacecraft and by intensive studies of the 
comet from ground-based observatories coordinated through the 
International Halley Watch. In addition, we are conducting prelim- 
inary design and advanced technology for development of a new 
class of spacecraft, Mariner Mark 11. At the same time we are 
studying a Comet Rendezvous/Asteroid Flyby (CRAF) mission in 
which this spacecraft would hard-land a probe on the nucleus of an 
active comet, with potential for close encounters of one or more as- 
teroids en route to the target comet. 

The Planetary Exploration program is also founded on a coordi- 
nated research and analysis effort. Research and Analysis will con- 
tinue to maximize the scientific return from both ongoing and 
future missions and from such Earth-based activities as lunar 
sample and meteorite analysis, telescope observations, theoretical 
and laboratory studies, and instrument definition. This program 
strives for interdisciplinary coordination among various research 
groups and for the wide dissemination of scientific results. A close 
coupling is also maintained between the research programs and 

tionale an technology needed for future missions. 

1 .  

p!anning 2 C t i V i t i P S  th l t  ere undertrrken to define the scientific TR- 
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EBtimated fiscal 
year 1987 

GAULEO DEVELOPMENT 
FISCAL YEARS 1967 AND 1966 FUNDING LEVELS 

Authorization 
T i l  year 1988 

Ground operations ..................................................... 
Spacecraft ................................................................... 
Experiments ............................................................... 16,100,000 12,700,000 
Ground operations ..................................................... 

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

6,900,000 1 13,400,000 

The objective of the Galileo program is to conduct a comprehen- 
sive exploration of Jupiter, its atmosphere, magnetosphere, and 
satellites through the use of both remote sensing by an orbiter and 
in situ measurements by an atmospheric probe. The scientific o b  
jectives of the mission are based on recommendations by the Na- 
tional Academy of Sciences to provide continuity, balance, and or- 
derly progression of the exploration of the solar system. 

Current plans call for the orbiter and probe to be launched to- 
gether in the 1989-1990 timeframe as a single combined payload 
using a Shuttle/Inertial Upper Stage (IUS) combination on an ini- 
tial trajectory toward Venus, followed by two Earth swingbys. The 
three gravitational assists will provide the energy required for a 
trajectory to Jupiter. When the orbiter arrives at Jupiter it will 
provide remote sensing of the probe entry site and provide the link 
for relaying the probe data back to Earth. Twenty-two months of 
orbital operations will follow during which both Jupiter’s surface 
and the dynamic magnetosphere will be comprehensively mapped. 
During this time ten close flybys of Jupiter’s major satellites are 
targeted. 

The Galileo flight system will be powered by two general purpose 
heat-source Radioisotope Thermoelectric Generators (RTG’s) devel- 
oped by the Department of Energy. The orbiter will carry approxi- 
mately 100 kg of scientific instruments and the probe will carry a p  
proximately 25 kg of scientific instruments. 

During FY 1987, major activities of the Galileo program will in- 
clude the implementation of thermal control design modifications 
to the spacecraft since, in passing Venus, it  will be going closer to 
the Sun than originally planned. In addition, several critical parts 
changeouts will be made in order to improve the reliability of the 
spacecraft computers. All the scientific instruments will be updated 
and recalibrated preparatory to reinstallation on the spacecraft. 

FY 1988 funds will provide for completion of the reassembly, in- 
tegration and initial testing of the reintegrated spacecraft system. 
Modification of the flight software and mission operations system 
will be continued. 

MAGELLAN 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

~ 1 Estimated fiscal 1 Authorization 
year 1987 , fiscal year 1988 

59,600,000 

The objective of the Magellan mission is to address fundamental 
questions regarding the origin and evolution of Venus through 
global radar imagery of the planet. Magellan will also obtain altim- 
etry and gravity data to accurately determine the planet’s gravity 
field as well as internal stresses and density variations. The d e  
tailed surface morphology of Venus will be analyzed to compare 
the evolutionary history of Venus with that of the Earth. 

The Magellan spacecraft will carry a single major scientific in- 
strument, a synthetic aperture radar, which will be used to obtain 
high resolution (120 to 200 meter) images of the planetary surface 
as well as altimetric data. Gravity data will be obtained by process- 
ing radio signals from the spacecraft. Spacecraft development is 
making extensive use of existing designs, technology, and residual 
hardware; for example, the spacecraft will use an existing space- 
craft structure, large antenna, and propulsion components from the 
Voyager program. 

In April 1989, the Magellan spacecraft will be launched by the 
Shuttle/Inertial Upper Stage (IUS) on a direct trajectory to Venus. 
Arriving at  Venus in July 1990, the spacecraft will perform a retro- 
propulsive maneuver and enter a near-polar elliptical orbit. After 
an initial check-out period, the spacecraft will map a major portion 
of the planet over a 243 day period (one Venus year) with a ground 
resolution of about 150 meters. 

During 1986, the mission was readjusted to accommodate a o n e  
year launch delay caused by the Challenger accident and cancella- 
tion of the Centaur upper stage. Good progress was made in initiat- 
ing the necessary hardware changes. During FY 1987, major activi- 
ties will include the assembly, testing and delivery of a test version 
of the radar instrument flight model. Spacecraft assembly and inte- 
gration of the flight spacecraft will be completed. Also the final 
design reviews will be held for the mission operations system. 

In FY 1988, the flight model of the radar instrument will be de- 
livered for integration with the spacecraft and environmental test- 
ing will be initiated for the entire system. Integration of the mis- 
sion operations system will be completed to be followed by initi- 
ation of operations testing and training preparatory for launch. 

Total ................................................................. r 92,600,000 1 
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Ground operations ..................................................... 

ULYSSES 
FISCAL YEARS 1987 AND 1988 FUNDING L E W I S  

1,500,000 I 1,600,000 ................................................................. 

Ulysses is a joint mission of NASA and the European Space 
Agency (ESA). ESA is providing the spacecraft and some scientific 
instrumentation. The U.S. is providing the remaining scientific in- 
strumentation, the launch, tracking support, and the Radioisotope 
Thermoelectric Generator (RTG). The mission is designed to obtain 
the first view of the Sun above and below the plane in which the 
planets orbit the Sun. The mission will study the relationship be- 
tween the Sun and its magnetic field and particle emissions (solar 
wind and cosmic rays) as a function of solar latitude, to provide a 
better understanding of solar activity on the Earth's weather and 
climate. 

Ulysses was restructured in FY 1981 from a two-spacecraft mis- 
sion-one provided by the United States and one provided by 
ESA-to a single ESA spacecraft mission. However, the United 
States' participation in the program remains substantial. NASA is 
responsible for five of the nine principal investigator instruments, 
and three of the four European investigations have U.S. co-investi- 
gators. 

Because of the Challenger accident and subsequent cancellation 
of the Centaur upper stage, the Ulysses launch is currently 
planned for the 1989-1990 timeframe, using the Shuttle and IUS/ 
PAM-S launch stages. During 1986, spacecraft prelaunch testing at 
the Kennedy Space Center (KSC) was completed, the spacecraft 
was returned to ESA for storage and the instruments were r e  
turned to the investigators for storage and recalibration. Mission 
design activities were initiated to support the new mission profile 
and launch date. During 1987, effort will continue on studying the 
details of the new mission and mission operations planning. Sup 
port to ESA will continue in order to make the spacecraft compati- 
ble with the new upper stage configuration. 
FY 1988 funding will provide for completion of the documenta- 

tion of the new spacecraft/launch vehicle interface, launch approv- 
al activities involving the RTG, and support for retesting the space- 
,.--a LL.. --J ^ _ ^ ^  :--* *_ 
u a ~ c  auu b1.c o ~ i c i i ~ c  u i ~ ~ i  uiiie~iw. 

MARS OBSERVER MISSION 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

I Estimated fiscal Authorization 
"ear 1 9 8 7  i fiscal vear 1 9 8 8  

1 Estimated fiscal I Authorization 
I year I Y W  I tiscal year 1Y8M 

Voyager extended mission ....................................... ~ $2,800,000 1 $2,800,000 
Pioneer Droerams ...................................................... 8.300.000 8,500,000 . -  
Voyager/Neptune mission ....................................... i 31 800 000 i ZB,IU0,0W 
Planetary flight support .......................................... 37:lOO:OOO 1 39,600,000 



~~ 

Year 1987 

Estimated fiscal 
year 1987 

Total ................................................................. 1 80,000,0001 77,000,000 

Authorization 
fLscal year 1988 

The objectives of the Mission Operations and Data Analysis ac- 
tivities are in-flight operation of planetary spacecraft and the anal- 
ysis of data from these missions. Currently, two major classes of 
planetary spacecraft are operating-the Pioneer and the Voyager 
spacecraft. The planetary flight support activities are those associ- 
ated with the design and development of planetary flight operation 
systems, and other activities that  support the mission control, 
tracking, telemetry, and command functions for all planetary 
spacecraft. 

The two Voyager spacecraft are now traveling through the outer 
solar system on trajectories that will take them into interstellar 
space. Voyager 1 continues to provide data on the interplanetary 
medium in that distant part of the solar system. In January 1986, 
Voyager 2 made a close flyby of the planet Uranus, the first time 
this planet has ever been visited by a spacecraft. The observatory 
phase of this encounter, which began in November 1985, included 
detailed observations of the planet, its rings, and moons. Upon 
completion of the Uranus encounter, the spacecraft began its path 
to the planet Neptune, where, in 1989, it will provide us with our 
first close look at this distant planet. 

Pioneers 10 and 11 will continue to explore the outermost solar 
system. Pioneer 10 will soon enter the unexplored region beyond 
Pluto where the Sun’s influence is secondary to those of true inter- 
stellar space. These spacecraft will continue the search for gravita- 
tional evidence of a tenth planet. Pioneers 6-9 are still collecting 
information on the interplanetary magnetic field and solar wind as 
they orbit the Sun. 

The Pioneer Venus orbiter continues to obtain data on Venus’ at- 
mosphere and magnetosphere and its interaction with the Solar 
Wind. In late 1985, the spacecraft’s spin axis was adjusted to allow 
ultraviolet observations of Comet Halley. The Pioneer Venus was 
the only spacecraft able to observe the Comet at its closest a p  
proach to the Sun and it provided critical enhancements to the 
data gathered by foreign spacecraft. 

The planetary flight support activities include the procurement, 
operation and maintenance of mission operations and general pur- 
pose scientific and engineering computing capabilities at the Jet 
Propulsion Laboratory (JPL). In addition, the activity supports the 
development of the Space Flight Operations Center (SFOC) at JPL. 
This facility will be a versatile, cost-effective means for carrying 
out multimission data acquisition, telemetry, image processing, and 
for commanding of planetary and orbital spacecraft. 

N 1987 funding is providing operational support for the Voyag- 
er and Pioneer operations, as well as for the extension of the Voy- 
ager 2 mission to a 1989 encounter with the planet Neptune. Ac- 
tivities are also continuing in multimission support development 
activities. 

FY 1988 funding is required for the continued operation and data 
analysis activities in support of the Voyager and Pioneer missions. 
Development activities will also be continued in FY 1988 on the 
Space Flight Operations Center (SFOC) at the Jet Propulsion Labo- 
ratory. 

RESEARCH AND ANALYSIS 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Supporting research and technology ..................... $46,400,000 1 $47,900,000 
.................................................. 15,200,000 20,700,000 

.................................................... 2,900,000 3,700,000 
Advanced programs 
Mars data analysis 
Halley’s Cornet co-investigations and watch 

Total 
........ 

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

The Research and Analysis program consists of four elements re- 
quired to: (1) assure that data and samples returned from flight 
missions are fully exploited; (2) undertake complementary laborato- 
ry and theoretical efforts; (3) define science rationale and develop 
required technology to undertake future planetary missions; and (4) 
coordinate an International Halley’s Comet Watch and provide co- 
investigator support to the European Space Agency’s Giotto mis- 
sion to Halley’s Comet. 

The supporting research and technology activity includes plane- 
tary astronomy, planetary atmospheres, planetary geology/geo- 
physics, planetary materiaWgeochemistry, and instrument defini- 
tion. 

The planetary astronomy activity includes all observations made 
by ground-based telescopes of solar system bodies, excluding the 
Sun. Emphasis is on the outermost planets, comets and asteroids. 
Observations are made at  a wide range of wavelengths from ultra- 
violet to radio. The rate of new discoveries continues to be high, 
and the data acquired is used both for basic research in support of 
planetary program objectives and for direct support of specific 
flight missions. The planetary astronomy funding also provides for 
the continued operation of the Infrared Telescope Facility in 
Hawaii. 

The planetary atmospheres activity includes data analysis, labo- 
ratory, and theoretical efforts. The properties of other planetary at- 
mospheres are amenable to measurement with planetary space- 
craft and can aid us in better understanding our own weather and 
climate. Observations of the atmospheres of Venus, Jupiter and 
Saturn, acquired by Pioneer Venus and Voyager, have laid the 
basic observational groundwork for major advances in this field. 

The planetary geology/geophysics activity is a broadly scoped 
program that includes the study of surface processes, structure, 
and history of solid components (including rings) of the solar 
system and investigation of the interior properties and processes of 
all solar system bodies, both solid and gaseous. This program em- 
phasizes comparative studies to gain a fundamental understanding 
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of the physical processes and laws which control the development 
and evolution of all planetary bodies, including the Earth. In this 
respect, data from the Magellan mission will be of crucial impor- 
tance. 

The planetary materials/geochemistry activity supports a n  
active scientific effort to determine the chemistry, mineral compe 
sition, age, physical properties and other characteristics of solid 
material in the solar system through the study of returned lunar 
samples and meteorites and through laboratory and theoretical 

grains, collected for analysis, continue to yield new and otherwise 
unobtainable information about the solar system, and its early his- 
tory. This program is coordinated with the lunar sample and mete  
orite research, which is supported by other agencies, such as the 
National Science Foundation. The operation of the Lunar Curatori- 
al Facility is also supported by the planetary materials/geochemi- 
cal funding. 

The inetrument definition activity is directed toward ensuring 
maximum scientific return from future missions by the definition 
and development of state-of-the-art scientific instrumentation, 
which are optimized for such missions. 

The objective of the Advanced Program activity is to provide 
planning and preparation for the systematic exploration of the 
solar system on a scientifically and technically sound basis. P m  
spective planetary missions are identified and defined through 
long-range studies; the technological and fiscal feasibility is evalu- 
ated, and the acientific merit is determined through interaction 
with the scientific community. The strategy for future solar system 
exploration has been developed by the Solar System Exploration 
Committee (SSEC), an advisory group, which has recommended a 
comprehensive program of missions tp the inner and outer solar 
system. 

The Mars Data Analysis activity continues to ensure that we 
capitalize on the wealth of data provided by Viking and earlier 
missions and that we are scientifically prepared for the next phase 
of Mars exploration. While continuing to support a variety of scien- 
tific investigations, the major emphasis of this program will ad- 
drea the origin and evolution of Martian volatiles. 

The International Halley's Comet Co-Investigations and Watch 
program is part of an international program of cooperative astrw 
nomical observations of Halley's Comet. During 1986, support was 
provided to nearly three dozen US.  co-investigators on the Europe 
a n  Space Agency s (ESA) Giotto mission, and to conducting comple- 
mentary remote sensing investigations carried out with ground 
based telescopes, aircraft, rockets, and distant spacecraft. Concur- 
rently, an observation program called the International Halley 
Watch, coordinated by the United States, conducted world-wide sci- 
entific ~!mrv&icns of the CeEet &!!ey. -.e objectives of the 
Watch are: (1) to coordinate scientific observations of Comet Halley 
through ita 1985-1986 apparition; (2) to promote the use of stand- 
ardized instrumentation and observing techniques; (3) to help 
m u r e  that data are properly documented and archived; and (4) to 
receive and distribute data to participating scientists. 

A i v A k a  of annmn&o+n n - h n m ; m s l  n m , & l n m m  Fd-a+n.*r-+&ol A s s ,  
"---I ..rr."rAa..- e"""""-*"... r."""...". -.,.--..-.)*.'.. Y-" 

During FY 1988, research efforts will continue in the areas of 
planetary astronomy, plsnetary atmospheres, planetary geology/ 
geophysics, planetary materialsigeochemistry, instrument defini- 
tion, Mars data analysis, and in the development of required tech- 

will provide data complementary to that obtained from the flight 
missions, with emphasis on the outermost planets, comets and as- 
teroids. A variety of efforts will be pursued to improve our under- 
standing of planetary atmospheres, including laboratory studies of 
reactions in deep planetary and tenuous cometary atmospheres. 
Geologyigeophysics research will be directed, in FY 1988, a t  specif- 
ic problems in understanding the various processes that have 
shaped planetary surfaces, as well as geological analyses and a car- 
tography effort based on the Galilean, Saturnian and Uranian sat- 
ellite imaging data acquired by Voyager. Analysis of lunar sam- 
ples, meteorites, and extraterrestrial dust particles will be contin- 
ued in FY 1988 to determine their chemical and physical properties 
and thereby derive their origin and evolutionary history. Within 
Advanced Programs, instrument definition and advanced technolo- 
gy development for potential future missions will also be continued 
with emphasis on the Mariner Mark I1 spacecraft. 

The FY 1988 Halley's Comet Co-Investigations and Watch fund- 
ing is required to continue support of U.S. co-investigators involved 
in the European Space Agency's Giotto mission who will be analyz- 
ing and archiving the data acquired during the encounter with 
Halley's Comet. International Halley Watch funding will support 
the archiving and distribution of ground-based observations. 

The FY 1988 funding is also required to continue operations of 
both the Infrared Telescope Facility and the Lunar Curatorial Fa- 
cility. 

nnlnm. e n  ..,..-lnrCnl,n +-..+....,. -;"";,.-" P _,...- rl *,.l,.-,.,.-.. ..I."....-7..&:--- .."."6J *" UI.U.--l "an_ .U*UIc; II I IDUIUIID. "I U U l l U  L.s.CDGUyc UVDC' V a L I V I I D  

6. SPACE APPLICATIONS 

NASA REQUEST, $559,300,000 

AUTHORIZATION, $604,300,000 

FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

~ Estimated fiscal 
year 1987 

Solid earth observations ...................................... $75,600,000 
Environmental observations .................................. 323,900,000 
Materials processing in space ~ 45,400,000 
Communications ............................................... ..' 103.500,OOO 
Information systems ...................................... ........., 21.:~00.000 

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

__ 
Total 5fiP,7QQ,QQ? 

Authorization 
fiscal war  1988 

$:6,800.000 393,800,000 

45,900,000 
65,500,000 
z.3oo.noo 



SOUD EARTH OBSERVATIONS 
FISCAL YEARS 1987 AND 1988 FUNDING LEVEIS 

I E e t i m a t e d f i  Authorization 
year1987 I f sdyear1988  

ShuttlelSpacelab payloads ...................................... 
Research and analysis .............................................. ceodynamics research .............................................. 

................................................................. 75,600,000 76,800,000 Total 

The objectives of the Solid Earth Observations program are to 
understand the processes controlling the state of the land surface 
and the interior of the Earth as well as the interaction of the solid 
Earth with the atmosphere and the oceans. The Solid Earth Obser- 
vations program is an integral part of the overall NASA Earth Sci- 
ence and Applications effort to increase understanding of the 
planet Earth through the study of its dynamics, the physical proc- 
esses which affect habitability, and solar-terrestrial environment. 

Specific land surface objectives include determination of the ter- 
restrial landscape including the biosphere and the hydrosphere, 
and understanding the changes and change mechanisms that are 
occurring within that landscape. Studies of the cycling of key b i e  
geochemical elements, interactions between the biosphere and the 
climatic system, and the composition and evolution of crustal rock 
systems are essential to these objectives. 

The Geodynamics Research objectives include determination of 
the movements and deformation of the Earth’s crust, the processes 
which drive tectonic plates, the rotational dynamics of the Earth 
and its interactions with the atmosphere and oceans, the Earth’s 
gravity and niagnetic fields, and the interior structure and compo- 
sition of the Earth. These objectives require precise measurements 
of crustal movements and Earth orientation over an extended 
period along with accurate knowledge of the variability of the 
Earth’s geopotential fields. 

The objective of the Shuttle/Spacelab payload development 
project is to develop, test and evaluate Earth-viewing remote sens- 
ing instruments and systems to obtain data for solid Earth observa- 
tions research. The Shuttle Imaging Radar, which was flown on the 
Shuttle in October, 1984, has demonstrated the utility of space 
borne imaging radar for geologic exploration. The Large Format 
Camera (LFC), required for high resolution mapping applications, 
was flown successfully on the Shuttle in 1984 and is presently 
under consideration for commercialization. The next generation 
Shuttle Imaging Radar, involving use of SIR-B components and a 
multi-polarized, dual frequency instrument is under development 
for flight in the early 1990’s. The imaging spectrometer and solid- 
state sensor research efforts will continue to focus on the develop 
ment of such features as electronic scan, inherent geometric and 
spectral registration and programmable high spatial and spectral 
resolution. 

Shuttle/Spacelab Payload Development 
The objective of this program is to develop, test, and evaluate 

Earth-viewing remote sensing instruments and systems to obtain 
data for land remote sensing research. 

Preparations are continuing for commercialization of the Large 
Format Camera (LFC). Components of the Shuttle Imaging Radar- 
B (SIR-B) will be used in building the next generation Imaging 
Radar instrument, SIR-C. The SIR-C will use multi-polarized, dual 
frequency sensor technology. SIR-C is in the development phase; 
System Requirements Review and Antenna Preliminary Design 
Review are complete. 

Advanced Spectrometer technology development activities in- 
clude fundamental research in remote sensing involving airborne 
and spaceborne imaging spectrometer instruments. The imaging 
spectrometer and linear array solid-state sensor research focuses 
on the development of such features as inherent geometric and 
spectral registration and programmable high spatial and spectral 
resolution. The critical technology development and supporting re- 
search on the Shuttle Imaging Spectrometer Experiment (SISEX) 
and the linear array focal plane will continue. 

FY 1988 funding is required for continued development of SIR-C 
technology, and for advanced spectrometer activities including the 
development of the Shuttle Imaging Spectrometer Experiment. 
Geodynamics 

The objective of the Geodynamics program is to understand the 
origin, evolution, and current state of the solid Earth by measuring 
the movement and deformation of the tectonic plates and by meas- 
uring its rotational dynamics and potential fields. Laser ranging, 
microwave interferometry and the Global Positioning Satellites are 
used to determine precise position locations. The global gravity and 
magnetic fields are determined from satellite observations. 

Measurements over the past years have provided experimental 
determination of the velocities of several of the major tectonic 
plates. Measurements of regional deformation across the San An- 
dreas Fault continue to indicate a relative movement of the Pacific 
and North America Plate of about 6 cm per year. In addition, 
measurements indicate that about 4 cm of this movement is occur- 
ring in Southern California. Measurements of polar motion and 
changes in the length of day have been correlated, to a high 
degree, with variations in the angular momentum and the inertial 
balance of the Earth’s atmosphere due to high altitude winds. In 
1982, the Earth’s rotation was found to have slowed by five milli- 
seconds due to the El Nino effect. The Earth’s rotational dynamics 
are also influenced by motions of the Earth’s core and the oceans. 
Models of the Earths  gravity field, derived from Laser Geodyna- 
mics Satellite (LAGEOS-1) data have provided the first evidence of 
gravity field variations. These variations are believed to be caused 
by continued relaxation of the crust following the last ice age and 
have confirmed estimates of the viscosity of the Earth’s mantle 
layer. Analysis of the magnetic field, using data from Magsat has 
confirmed the diameter of the Earth’s outer core and has provided 
new data on secular variations of the magnetic field. 
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In FY 1988, measurements of plate motion between North Amer- 
ica and Europe will be continued in cooperation with NOAA and 
several European countries. Measurements of the motions of the 
Pacific Plate will also be continued in cooperation with DoD and 
Japan and will be extended to include China. In addition, regional 
crustai deformation measuremenk SA westen ?Joith Ameixa .x-,!! 
continue in cooperation with N O M ,  Canada and Mexico. Similar 
measurements will be initiated in Europe in cooperation with a 
consortium of 10 European, North African, and Mid-Eet countries. 
The Caribbean studies will be continued in k’Y 1 Y M i  and are expect- 
ed to involve some eight countries in 1988. 

LAGEOS-1 and other satellites will continue tx be used for stud- 
ies of plate motion. NASA systems in the US., Pacific, South 
America, and Australia will be operated in cooperation with laser 
systems in 12 other countries. The joint LAGEOS-2 mission with 
Ital will be launched by the US. in 1993. 

deoretical studies of crustal motion, internal Earth structure 
and composition, and the modeling and inter retation of geopoten- 
tial fields will be continued in FY 1988. In aadition, system studies 
of a second magnetic field satellite for long-term measurements of 
the Earth’s field, studies of geopotential research and laboratory 
development of room-temperature and cryogenic gravity gradiome- 
ter instrumentation will continue. 
Research and Analysis 

The major objectives of the Solid Earth Research and Analysis 
program are to characterize the physical, geological and biological 
state of the Earth’s surface, explore ita variation with time and to 
understand the processes which control ita state and ita interac- 
tions with the atmospheric and hydrologic systems. 

Existing operational and research sensor systems are used to 
gather data on land surface properties and their variations. Obser- 
vations are also conducted using experimental systems on airborne 
and spacebased platforms. Theoretical models are formulated and 
validated using these observational systems with the resulting alge 
rithms being used in the analysis of land surface properties and 
processes. Observational systems are used which operate in the 
visible, infrared and microwave regions of the spectrum, and both 
active and passive systems are used. Much of the emphasis is on 
quantification of changes to the land surface, whether it be from 
natural or anthropogenic causes. 

The Geologic Processes program addresses the study of the evolu- 
tion of the Earth’s crust on a global basis with multispectral 
remote sensing techniques. The relative distribution of rock types, 
spectral properties of rocks, reeonal tectonics, rock weathering 
processes and geobotanical relationships are important research 
topics that are being addressed for many types of geologic environ- 
ments. Multispectral remote sensing data analysis studies are s u p  
ported by laboratory and field spectrometry and field mapping et- 
forts to verify spectral properties and interactions. 

The Biochemical Processes program conducts studies through 
giobai and continentd s d s  obseivatio:: p r e g r ~ ~ s  usizg operztinn- 
a1 satellite data produds and analytical techniques developed for 
this purpose. Additionally, high spectral resolution studies are con- 

ducted using aircraft platforms and regional scale studies are con- 
ducted using the Landsat Thematic Mapper. The areal extent and 
temporal variability of ecosystems are investigated, and the causal, 
mechanism sought. 

In FY 1988 emphasis will continue on investigations of the 
Earth’s systems which are undergoing stress, in order to better un- 
derstand the processes which control such systems. Specific regions 
will be identified for study, long-term observations will be initiated 

sive field measurement programs will be defined. Pilot studies to 
validate methodologies will be conducted and global to regional 
scale process models will be developed and utilized for processing 
the data. A mixture of biomes and stress factors will be identified 
initial emphasis will be on semi-arid to arid regions undergoing 
seasonal or multi-year drought and on forest biomes under stress 
from acid rain and conversion. The activities are close1 associated 
with the International Satellite Land Surface Climatorogy Project 
(ISLSCP) and the International Global Change Program. 

The FY 1988 activities will also emphasize studies to determine 
continental rock type and erosion processes in semi-arid regions in 
sedimentary basins. Sensor systems such as the Advanced Visible- 
Infrared Imaging Spectrometer, quad-polarization L & C-Band im- 
aging radar and the Thermal Visible-Infrared Imaging Spectrome- 
ter will be used in these investigations, and will serve as prototypes 
for shuttle instruments now under development and for future 
Space Station polar platform instruments. The thematic mapper on 
the operational Landsat will continue to serve as the focal instru- 
ment for multidisciplinary investigations, with particular emphasis 
on the tectonic structure of continental highlands. 

ENVIRONMENTAL OBSERVATIONS 

and data Ti!! !?e FEemh!ed frem existing szte!!ite data, and inten- 

FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

and analysis ............................................................ 

.......................... 
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fiscal Authorization year 1988 

$34,400,000 

32,900,000 21,500,000 

21,500,000 
26,800,000 19,400,000 

1,100,000 
3,100,000 

22,700,000 95,400,000 

90,000,000 
25,000,000 

The objectives of the Environmental Observation program are to 
improve our understanding of the processes in the magnetosphere, 
atmosphere, and the oceans; to provide space observations of pa- 
rameters involved in these processes; and to extend the national ca- 
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pabilities to predict environmental phenomena, both short and long 
term, and their interaction with human activities. Because many of 
these phenomena are global or regional, they can be most effective- 
ly, and sometimes only observed from space. NASA’s programs in- 
clude scientific research efforts plus the development of new tech- 
nology for global and synoptic measurements. NASA’s research sat- 
ellites provide a unique view of the radiative, chemical, plasma ac- 
celeration, and dynamic processes occurring in the magnetosphere, 
atmosphere, and oceans. 

To achieve these goals, a number of significant objectives have 
been established for the next decade. These include advancing the 
understanding of the upper atmosphere through the determination 
of the spatial and temporal distribution of ozone and select n i t r e  
gen, hydrogen, and chlorine species in the upper atmosphere and 
their sources in the lower atmosphere; optimizing the use of space 
derived measurements in understanding large scale weather pat- 
terns; advancing our knowledge of severe storms and forecasting 
capabilities, ocean productivity, circulation, and air-sea interac- 
tions; improving the knowledge of seasonal climate variability lead- 
ing to a long-term strategy for climate observation and prediction; 
and enabling a comprehensive understanding of solar terrestrial 
processes and a detailed determination of the physics and coupling 
between the solar wind, magnetosphere, ionosphere, and atmos- 
phere. 

Effective utilization of remote sensing requires a balanced set of 
activities including: analytical modeling and simulation; laboratory 
research of fundamental processes; development of instrumenta- 
tion, flight of the instruments on the Space Shuttle, dedicated 
spacecraft and flights of opportunity; collection of in situ ancillary 
or validation data; and scientific analysis of data. The approach is 
to develop a technological capability with a strong scientific base 
and then to collect appropriate data, through remote and in situ 
means, which will address program ob‘ectives. 

The Upper Atmospheric Research iatellite (UARS) will place a 
set of instruments in Earth orbit which will make comprehensive 
measurements of the state of the stratosphere, providing data 
about the Earth’s upper atmosphere in spatial and temporal di- 
mensions which are presently unattainable. Detailed definition 
studies of the instruments have been completed, and the des‘ 
and development activities are well underway. Development of % 
UARS observatory will continue in FY 1988 consistent with a 
planned launch in 1991. 

The Earth Radiation Budget Satellite (ERBS) was successfull 
launched in 1984, and data continues to be collected from the satel 
lite. NOAA-F was launched December 12, 1984 and NOAA-G was 
launched September 17, 1986, both equipped with ERBE instrumen- 
tation. NASA is also continuing to support the National Oceanic 
and Atmospheric Administration (NOAA) by managing the imple- 
mentation of the polar orbiting NOAA and Geostationary Oper- 
ational Environmental Satellites (GOES) series on a reimbursable 
basis. 

Design and development activities are being continued in FY 
1988 on the NASA Scatterometer (NSCAT), the objective of which 
is to acquire global ocean data for operational and research use by 

both military and civil sectors. With the apparent decision by the 
U.S. Navy to cancel their Navy Remote Ocean Sensing System (N- 
ROSS) satellite, the planned spacecraft for NSCAT, studies and 
plans are underway for alternatives. 

Development of the Ocean Topography Experiment (TOPEX) 
began in FY 1987 and will continue in FY 1988; its objective is to 
acquire precise observations of the surface topography of the 
oceans. These data, in conjunction with those from NSCAT, will 
enable the first determination of the wind forcing and ocean-cur- 
rent response of the global oceans. 

The Nimbus spacecraft continues to collect unique data which is 
being used in the study of long-term trends of the Earth’s atmos- 
phere, Oceans and polar ice, and provides near real time data. Col- 
lection and analysis of Solar Mesosphere Explorer (SME) data, the 
only mesosphere data currently available, continues. The Dynamics 
Explorer spacecraft continues to collect valuable data on magnetos- 
phere-ionosphere coupling processes. In addition, the International 
Sun Earth Explorer (ISEE-3) spacecraft, renamed International 
Cometary Explorer (ICE), has completed an exploration of the 
Earth’s geomagnetic tail. On September 11, 1985, ICE accomplished 
the first encounter with a comet as it passed through the tail of 
Giacobini-Zinner. ICE also provided supporting solar wind measure- 
ments for the March 1986 Halley missions. In March-May 1986, 
the Polar Region and Outer Magnetosphere International Study 
(PROMIS) coordinated six satellites (ISEE 1 and 2, ICE, Active 
Magnetospheric Particle Explorer (AMPTE), Interplanetary Moni- 
toring Platform (IMP-8), Dynamics Explorer (DE-1) and the Swed- 
ish Viking satellites to provide unique data on magnetospheric 
processes. 

Shuttle payload and instrument development activities provide 
the airborne and spaceborne data necessary to conduct basic re- 
search projects as well as provide correlative and developmental 
feasibility information for major freeflying spacecraft. Instrument 
activities include Shuttle payloads such as Atmospheric Trace Mol- 
ecules Observed by Spectroscopy (ATMOS), Active Cavity Radiome- 
ter (ACR), Light Detection and Ranging (LIDAR), and Space 
Plasma Physics flight of opportunity instruments such as those for 
the Japanese Geotail Spacecraft and the European Solar Helios- 
pharic Observer (SOHO) and CLUSTER spacecraft. 

The Global Geospace Science (CGS) program is proposed as an 
FY 1988 new start. It is a complementary science mission to the 
FY 1987 approved Collaborative Solar-Terrestrial Research 
(COSTR) initiative, in which the US. moves from a supporting to a 
leadership role in solar terrestrial physics. GGS will make the first 
coordinated geospace measurements in the key plasma source and 
storage regions, with emphasis on the cause-effect relations of 
energy flow. Together with COSTR, GGS represents research of the 
highest scientific merit. 

Along with the Solid Earth Observations program, the Environ- 
mental Observation activities compose an integral part of NASA’s 
total Earth sciences and applications efforts, with emphasis on un- 
derstanding the Earth as a planet, studying its dynamics, process- 
es, habitability, and solar-terrestrial environment. 



Upper Atmosphere Research and Analysis 
The upper atmosphere research program is a comprehensive r e  

search and technology effort designed to investigate and monitor 
the phenomena of the upper atmosphere and related phenomena in 
the lower atmosphere. It is aimed at improving our basic scientific 

assess ita susceptibility to significant chemical and physical change. 
The program's three major thrusts are in the areas of upper atmos- 
pheric research, stratospheric processes research, and tropospheric 
chemistry research. 

In particular, the goal of the Upper Atmosphere Research pro- 
gram is to understand the physics, chemistry and transport proc- 
eases in the stratosphere on a global scale, and to assess as accu- 
rately as possible the perturbations to the atmosphere caused by 
man's activities. In order to accomplish this, efforts are underway 
to: (1) improve upper atmosphere and global troposphere models, 
validate them, and assess their uncertainties; (2) measure impor- 
tant trace chemical constituents, temperature, and radiation fields 
throughout the atmosphere; (3) develop sensors capable of making 
chemical and physical measurements of the upper atmosphere and 
the global troposphere both directly and remotely from space; (4) 
assemble and maintain the existing long-term data base of strato- 
spheric and tropospheric ozone measurements to aid in the detec- 
tion of long-timescale natural variations and manmade ozone 
changes; (5) determine the effects of global tropospheric chemistry 
on the atmosphere; (6) conduct theoretical and field studies of tro- 
pospheric/stratospheric exchange; and (7) carry out laboratory ki- 
netics and spectroscopy investigations to support these activities. 

A variety of in situ and remote sensing techniques are needed to 
meet the objectives of determining and understanding the distribu- 
tion of ozone and other trace species in the atmosphere. Data sets 
from a limited number of satellites are now generally available to 
the scientific community, including a record of the global distribu- 
tion of ozone extending back over a decade, and simultaneous o b  
servations of a number of trace constituents. This data is being ex- 
ploited to determine if trends in the ozone amount have been de- 
tected and to understand those processes which are directly in- 
volved with these trends. 

Recent developments in our understanding of the ozone layer 
have revealed a possible non-linear dependence of ozone depletion 
on the amount of fluorocarbon released to the atmosphere. These 
findings place increased urgency on the need to verify the com- 
pleteness and accuracy of the theoretical stratospheric models. In 
FY 1988, tests of the models will be continued by means of field 
measurements, model calculations, and interpretation of satellite 
data. The development of more realistic t w e  and three-dimensional 
models will be continued. The global data sets from past and 

understanding of large-scale atmospheric processes. 
The comparison of balloon, aircraft, and ground-based measure- 

ments will be continued in FY 1988 to ensure the validity of the 
diffeLent techniques that have been developed and to observe chem- 
ical species in the stratosphere and troposphere to determine the 
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exchange of gases between the lower and upper atmosphere. These 
balloon and aircraft measurement programs are the only way to 
measure many of the localized phenomena of the atmosphere; they 
also help to validate satellite observations. Studies of potential new 
instruments for use on future satellites and suborbital measure- 
ment platforms will also be conducted in FY 1988 to ensure that 
new technologies are put to use in improving the capability and 
cost efficiency of tropospheric composition and upper atmosphere 
rr.P"sUrPmPr?tS. 

The recent observations of a depletion in the amount of ozone 
over Antarctica in the austral spring have attracted a great deal of 
attention. Tn order to understand t.he chemical and dynamic proc- 
esses that are causing this phenomenon, the UARP is planning a 
major aircraft mission in late FY 1987-early FY 1988 using the 
NASA ER-2 and DC-8. Analysis and interpretation of the results 
of this mission will be a critical effort in FY 1988. 
Atmospheric Dynamics and Radiation Besearch and AnaZym 

The research and analysis activities within the Atmospheric Dy- 
namics and Radiation program comprise a core effort which is fun- 
damental to using space technology to solve problems in atmos- 
pheric science. The program's three main thrusts are in the areas 
of global-scale tropospheric processes research, mesoscale processes 
research and climate research. 

The objectives of the Global Scale Research program are to im- 
prove our understanding of large-scale atmospheric behavior and to 
develop improved capabilities to observe the atmosphere from 
space. The program involves the development of advanced remote 
sensing instrumentation to observe the atmosphere, the develop- 
ment of advanced analysis techniques to better utilize existing me- 
teorological satellite data, and development of advanced numerical 
models which use satellite observations to describe the state of the 
atmosphere both diagnostically and predictively. Recent accom- 
plishments include the development of techniques which more fully 
utilize passive multispectral data (IR and microwave) from the 
NOAA operational satellites to provide global maps of a number of 
key atmospheric and surface parameters. In addition, special atten- 
tion has been devoted to developing active lidar techniques to pro- 
vide detailed profiles of atmospheric temperature, pressure, and 
moisture data from future spaceborne platforms. Simulations of 
these advanced techniques indicate their increased potential in 
greatly improving meteorological prediction capability. 

The objectives of the Mesoscale Processes Research program are 
to improve our understanding of the behavior of the atmosphere on 
short (minutes to hours) time scales and over local to regional size 
scales (severe weather, such as tornadoes and hurricanes). Since all 
of the characteristic parameters of these mesoscale processes 
caniiot be iiieasuied ciir-eciiy, new iechniques are under study to 
derive the information from other observations which can be di- 
rectly measured. Such an activity requires advanced data handling 
and analysis techniques which rely upon mancomputer interactive 
display and manipulation. A joint NASA-NOAA project of this 
type was completed and is known as the Centralized Storm Infor- 
mation System. In the area of remote sensor development, success- 
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ful flights of instrumentation on the ER-2 aircraft to observe cloud 
top dynamics and lightning have been completed, and a feasibility 
study of a potential lightning mapper has been completed. NASA is 
currently working with NOAA to determine the practical value of 
%htning mapping from geostationary orbit and the possibility of 
mcorporating experimental lightning mapping observations on a 
GOES spaceiraft. 

The Climate Research program seeks to develop a space capabil- 
ity for global observations of climate parameters which will con- 
tribute to our understanding of the processes that influence cli- 
mate and its predictability. Research is, focused in accordance with 
the National Climate program priorities wherein NASA has the 
role of lead agenc for solar and Earth radiation research. Future 
study thrusts wilpbe aligned with programs of solar irradiance 
monitoring, Earth radiation budget monitoring and analysis, the 
global distribution and effect of cloud systems and stratospheric 
aerosols on the radiation budget, and on selected process studies 
which relate to monitoring of climate change. The past year’s ac- 
tivities have s t r d  data analysis and model studies of the effects 
of the El Chichon volcano on climate. The first results of the data 
phase of the International Satellite Cloud Climatology Project 
(ISCCP) have been successfully archived and elements of the First 
ISCCP Regional Experiment (FIRE) have been. completed. Data 
from ISCCP and FIRE will be. analyzed in coqunction with the 
Earth Radiation Budget Experiment (ERBE) data to improve our 
knowledge of cloud-radiation interactions which effect our c lka te .  
In addition, measurements of the solar irradiance wdl continue 
through the repaired Solar Maximum Mission (SMM) spacecraft, 
Nimbus 7 and reflights of the Active Cavity Radiometer flown on 
Spacelabl. 

A significant research effort on developing the capability to o b  
serve rainfall from space has been initiated. This includes studies 
of instrumentation, sampling requirements, algorithm development 
and modeling to determine the feasibility of remotely sensing rain- 
fall from space. 
FY 1988 funding is required to provide instruments and support 

for aircraft flights to study the detail of flows around thunder- 
storms and fronts, continue development and comparison of nu- 
merical models, study atmospheric scale interactions, and develop 
techniques to display model outputs in Mimensions. Anal sis of 
the data collected in interagency field experiments during Ff; 1986 
and 1987 will be performed. These data include the results of the 
Genesis of Atlantic Lows Experiment (GALE), the Microburst in 
Severe Thunderstoms Experiment (MIST), the first ISCCP Regional 
Experiment (FIRE) and the Satellite Precipitation and Cloud Ex- 
periment (SPACE). In addition, experimental, theoretical, and com- 
putational work will be done to better define the capabilities and 
requirements for the remote measurement of rainfall. Other activi- 
ties will involve continued retrieval and archiving of global Inter- 
national Satellite Cloud Climatology Project data sets, anal sis of 
data from the Earth Radiation Budget Ek riment and the itrato- 
spheric Aerosol and Gas Experiment, and%ontinued ground-based 
and rocket flight support for solar irradiance monitoring. Technolw 
gy development of active temperature, pressure, and moisture 

sounders as well as basic lidar technology development will also be 
continued in FY 1988. 
Oceanic Processes Research and Analysis 

The Oceanic Processes Research and Analysis (R&A) program 
emphasizes the development and application of spaceborne observ- 
ing techniques to advance our understanding of the fundamental 
behavior of the oceans, as well as to assist users with the imple- 
mentation of operational systems. As such, the program operates in 
concert with a variety of federal agencies (e.g., Navy, N O M ,  NSF) 
and foreign countries (e.g., Canada, Europe, Japan). 

The Oceanic Processes R&A program is organized into three dis- 
cipline areas: (1) physical, (2) biological, and (3) polar oceanography. 
In physical oceanography, satellite scatterometers and altimeters 
are used to observe surface roughness and topography, from which 
surface winds and ocean current response can be estimated. In bio- 
logical oceanography, color scanners are used to observe chloro- 
phyll concentration, from which primary productivity can be esti- 
mated. In polar oceanography, microwave radiometers and synthet- 
ic aperture radars are used to estimate the characteristics of seaice 
cover and the details of its motion. 

The Oceanic Process R&A program is actively pursuing scientific 
research with other federal agencies and foreign countries for the 
World Climate Research Program (WCRP). Component WCRP ef- 
forts include the Tropical Ocean/Global Atmosphere (TOGA) and 
World Ocean Circulation Experiments (WOCE), a Global Flux Ex- 
periment (GFE), and a Program for International Polar Oceans Re- 
search (PIPOR). 

In FY 1988, the physical oceanography research activities will in- 
clude implementation planning for WOCE and TOGA, as well as 
the development of numerical models and associated data assimila- 
tion techniques for use in determining the general circulation of 
the oceans. In biological oceanography, the analysis of data from 
Nimbus-7 will be continued in order to estimate global ocean pro- 
ductivity, as well as to help with the conceptual design of the 
Global Flux Experiment. In addition, accommodation studies will 
be performed with EOSAT for potential flight of an ocean-oriented 
color scanner aboard the Landsat-6 spacecraft. In polar oceanogra- 
phy, emphasis will be placed on the experimental design for the 
Program for International Polar Oceans Research, which is 
planned to involve direct reception in Alaska of SAR data from the 
European Space Agency’s ERS-1 and from the Japanese JERS-1 
spacecraft due for launch in the 1989-1991 time frame. The NASA 
Ocean Data System is now functioning as a scientific support facili- 
ty for the ocean research community. Coordination activities with 
the Office of Naval Research, NSF, and NOAA are being pursued 
in order to assure that appropriate computing facilities, data ar- 
chives, and communication networks will be available for the utili- 
zation of spaceborne observations from missions planned within the 
next decade. 

Advanced technology development activities will also be contin- 
ued on prospective future sensors for flight aboard both the Shuttle 
and free-flying spacecraft. 



Space Physics Research and Annl.vsis 
Space Physics Research and Analysis is a broadly structured 

effort to enhance our understanding of the characteristics and b e  
havior of plasmas in the solar corona, the interplanetary medium 
and in the viciniiy of the Earth and uiiiei p h i e k .  These h id ies  
include: the complex coupling of the atmosphere with the ionos- 
phere and the magnetosphere; the solar wind and how it interacts 
with planetary magnetospheres and ionospheres; and how vari- 
ations in the solar wind are coupled into planetary environments 
and neatral atmospheres. This discipline also includes the conduct 
of active experiments to extract information under controlled con- 
ditions, and the use of space as a laboratory for the study of plas- 
mas in parameter regimes that are unattainable on Earth. The un- 
derstanding of the plasmas in the solar system, the only naturally 
occurring plasmas to which we have direct access, will also enable 
us to refine theories regarding astrophysical plasma processes. 

One major thrust of the Space Physics program is directed at 
studies of the near Earth Geospace enwronment, from the flow of 
the solar wind past the magnetosphere, to manifestations of vari- 
ations of the plasma environment detectable near the surface of 
the Earth. Not oniy are these studies of great interest for basic 
plasma physics and for the Earth sciences community, but also 
there are many practical ramifications, such as ionospheric influ- 
ences on communication, global circulation of the atmosphere 
driven by magnetospheric input, the charging of spacecraft im- 
mersed in plasma, and the behavior of antennas and their signals 
in the magnetosphere. 

This field of research is one of relative maturity, with emphasis 
on multipoint, in situ measurements and on active perturbation ex- 
periments rather than isolated exploratory observations. For exam- 
ple, there are presently four spacecraft systems-the Interplan- 
etary Monitoring Platform, the International Sun-Earth Explorer 
(ISEE), Dynamics Explorer (DE), and the Active Particle Tracer Ex- 
plorer (AMFTE) taking such measurements. AMPTE has carried 
out a program of coordinated chemical releases and plasma diag- 
nostics to investigate solar wind plasma entry into the magnetos- 
phere and energization of plasmas directed both towards and away 
from the atmosphere. The campaign called PROMIS (Polar Region 
and Outer Magnetosphere International Study) took full advantage 
of these satellite systems during March-May 1986 when the Swed- 
ish Viking satellite contributed toward a unique opportunity for 
correlative measurements of the Earth's magnetosphere on a large 
scale. In addition to the in situ measurements of natural plasma 
environments as discussed above, a second major thrust of the 
Space Physics program is to use these natural environments as 
u...yuc . U " W I U * W . I C U  ... "'.A y! -11. .................... 
use of active experiments to simulate plasma phenomena under 
controlled conditions. There is an active program of sounding 
rocket and balloon investigations aimed principally at spatially or 
temporarily isolated atmospheric, ionospheric or magnetospheric 
phenomena. Theoretical modeling and supporting laboratory activi- 
ties are also being conducted. 
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Advanced Technology Development (ATD) provides for the defini- 
tion of advanced missions and supporting instrument technologies. 
FY 1987 ATD efforts were directed at  extending the definition of 
the WIND and POLAR missions including instruments, spacecraft, 
and ground systems of the Global Geospace Science (GGS) program 
and performing accommodation studies for incorporating continu- 
ous realtime solar wind data capability on WIND to meet USAF 
Air Weather Service's statement-of-need as a joint mission. 

strong basis for all of the programs in both solar physics and space 
plasma physics. Theoretical groups are engaged in research on vir- 
tual!~ evsrg aspect of so!ar-terrestrial physics hy using b0t.h funda- 
mental process calculations and numerical models of large-scale 
phenomena. The active phase of AMPTE also provided controlled 
perturbations of the geospace environment, including a full-scale 
simulation of solar wind-comet interactions. 

During FY 1988; the space physics research and analysis activi- 
ties will be continued with particular emphasis on the analysis of 
d a h  obtained from the 1986 PROMIS campaign and from the 
International Cometary Explorer (ICE) which collected unique data 
in the Earths  distant magnetotail before going on to an encounter 
with the comet Giacobini-Zinner in September 1985. Definition 
studies will be conducted during FY 1988 for advanced missions 
such as the follow-on for the U.S.-Italian Tethered Satellite System, 
which will investigate atmospheric and electrodynamics effects, a 
solar probe mission to study the unexplored region between four 
and sixty radii from the Sun, and Space Station payloads including 
the Solar Terrestrial Observatory. 

The Solar Terrestrial Theory program will be continued during 
FY 1988. In addition, a comprehensive and quantitative aggregate 
model of solar-terrestrial interactions will continue to be developed. 

PAYLOAD AND INSTRUMENT DEVELOPMENT 
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FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

j Estimated fiscal 
year 1987 

Measurement of Air Pollution from Satellites ' 
(MAPS) ................................................................... 

Atmosphere Trace Molecules Observed by 

Light Detection and Ranging (LIDAR) .................. I 
Collaborative solar terrestrial research ~ 

(COSTR) ................................................................ 1 

Spectroscopy (ATMOS) ........................................ 
Active Cavity Radiometer (ACR, ACRIM) ............ 1 

$800,000 

2,100,000 
1,100,000 
3,000,000 

5,000,000 
12,000,000 Total .................................................................. 

Authorization 
fiscal year 1988 

$700,000 

2,500,000 
1,100,000 

100,000 

15,000,000 
19,400,000 
~ ~ _ _ _  

The Space Transportation System offers the unique opportunity 
for short-duration flights of instruments. The Environmental Ob- 
servations program has incorporated this capability into the Shut- 
tle/Spacelab payload development activities in these important as- 
pects: early test, checkout and design of remote sensing instru- 
ments for long duration free-flying missions; and short-term atmos- 
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pheric and environmental data gathering for basic research and 
analysis where long-term observations are impractical. 

The objective of the Atmosphere Trace Molecules Observed by 
Spectroscopy (ATMOS) experiment is to make detailed measure- 
ments of gaseous constituents (e.g., hydrogen chloride, water, am- 
monia, methane) in the Earth’s atmosphere by using the technique 
of infrared absorption spectroscopy. The data will help determine 
the compositional structure of the upper atmosphere, including the 
ozone layer and its spatial variability on a global scale. The instru- 
ment was launched in 1985 on Spacelab-3 and data analysis contin- 
ues. It will be reflown on the ATLAS (formerly EOM) series. The 
science results from the first flight of ATMOS were of exceptional 
value, and the basic capability of ATMOS, to measure very low 
concentrations of trace species in the earth’s atmosphere, was 
clearly demonstrated. In FY 1987, ATMOS commenced a ground 
observation program a t  Table Mountain Observatory which will 
continue until the instrument is readied for shipment to KSC for 
the ATLAS-1 mission. 

The Measurement of Air Pollution from Satellites (MAPS) exper- 
iment is a gas-filter correlation radiometer designed to measure the 
levels of troposphere carbon monoxide and the extent of inter- 
hemispheric mass transport in the lower atmosphere. The instru- 
ment was flown successfully on two Shuttle flights, and data analy- 
sis continues. It is planned for four STS flights, one for each season 
of the year, to provide the first observations of the global seasonal 
variation of carbon monoxide in the Earth’s atmosphere. Reflight 
of MAPS is also planned on the ATLAS series. 

The Active Cavity Radiometer-1 (ACR-1) is designed to aid in the 
study of the Earth s climate and the physical behavior of the Sun. 
Reflights of ACR-1 on the ATLAS series are planned. Other experi- 
ments have also been selected for reflight, including some instru- 
ments which were flown on the Shuttle orbital flight tests, and 
Spacelabs-1 and -2. 

The Collaborative Solar-Terrestrial Research Program (COSTR) 
will provide state-of-the-art instrumentation for flight opportunities 
on international spacecraft and various U.S. spacecraft of opportu- 
nity. The emphasis is on developing scientific instruments that 
have been conceived through the Space Plasma and Solar Physics 
Research and Analysis programs and through the Sounding Rocket 
program. The development and selection of opportunities will be 
coordinated and focused to answer questions identified in the Na- 
tional Academy of Sciences Committee on Solar and Space Physics 
report on priorities in solar system space physics. Most of the in- 
stfuments developed through this program will provide a US. con- 
tnbution to an international thrust in solar-terrestrial research in 
the 1989-1995 timeframe. 
FY 1988 funds will be used to support the Measurement of Air 

Pollution from Satellites (MAPS) science team activities including 
data reduction, refurbishment for reflight and upgrading of the 
ground service equipment. 

The initial flight of the Atmosphere Trace Molecules Observed 
by Spectroscopy (ATMOS) instrument was completed in 1985, with 
greater than expected science results. The FY 1988 funding is r e  
quired to support the ground observation program of ATMOS as 

well as continued science team activities, data processing and anal- 
ysis, and limited refurbishments. 

FY 1988 funding is also required to continue the Active Cavity 
Radiometer (ACR) data processing, science team activities, and re- 
furbishment for reflight on future Shuttle ATLAS flights, and de- 
velopment of a free-flyer version of ACR. 

Development activities will continue on the international (US. 
and French) Light Detection and Ranging (LIDAR) airborne instru- 
mentation following completion of conceptual definition, bread- 
board laboratory activities, and preliminary design reviews for this 
multi-phase user program. In this advanced state-of-the-technology 
program, both NASA and the French are supplying science knowl- 
edge and hardware to demonstrate first-time detail measurements 
of the atmosphere to aid in forecasting. 

In FY 1988, the COSTR program will continue development of 
U.S. provided instruments for the ISASINASA GEOTAIL mission 
which will explore the Earth’s magnetosphere and deep geotail 
region. While ISAS will pro-ride the Geotail Spacecraft and the ma- 
jority of the instruments, NASA will provide instruments requiring 
unique capabilities to measure the hot, low density plasmas, ener- 
getic plasmas, low intensity waves and weak magnetic fields in the 
deep magnetic tail. In addition, NASA will begin development of 
U S .  provided instruments and mission support equipment for the 
ESA/NASA joint CLUSTER and SOHO missions. These missions 
will provide detailed measurements of solar variability and solar 
oscillations, the origin and flow of the solar wind, the interaction of 
the solar wind with the terrestrial magnetosphere, and the result- 
ant space plasma microprocesses. ESA will provide the SOHO and 
CLUSTER satellites, and the majority of the instruments. NASA 
will provide instruments for solar oscillations and solar corona 
measurements and several space plasma instruments that are 
unique in their capabilities and performance. 
Extended Mission Operations 

The objectives of the Extended Mission Operations program is to 
provide for the operations, data processing, validation and data 
analysis of missions which have completed basic operations funded 
by approved project support. 

Launched in 1978, the Nimbus-7 spacecraft continues to provide 
significant quantities of both atmosphere and solid earth global 
data for multi-discipline investigations and applications. These in- 
clude atmospheric dynamics and chemistry resulting in global 
ozone measurements that are helping to understand the complicat- 
ed heat exchanges of the atmosphereocean system, and, for the 
first time, global ocean data and sea ice concentration as well as 
properties of both polar caps. NASA supplies this unique sea ice 
concentration data in near real-time to the joint US.  Navy-NOAA 
Ice Center. The ocean color measurements provide the only data on 
open ocean and coastal areas chlorophyll concentration, which re- 
lates to abundance of phytoplankton, the basic element of the 
ocean food chain. Current studies of complete ocean basins are ex- 
panding the understanding of global productivity. Nimbus-7 oper- 
ations and data reduction/validation activities will continue in FY 
1988 to support the strong demand for data. 



The Solar Mesosphere Explorer (SMEI, launched in October 1981, 
is providing major input to our overall atmospheric parameter data 
base. SME is producing simultaneous measurements needed to un- 
derstand the complex chemical processes taking place in the meso- 
sophere, including data measurements of ozone, atomic oxygen, 
nitric oxide and soiar irradiance. Data resuits indicate greater 
short-term variations and magnitude than was expected of many of 
the mesospheric properties. A ground truth program to aid in the 
validation of the SME data is also being undertaken. SME is pro- 
viding excellent data on the effect of volcanoes on the Earth’s at- 
mosphere. 

Solar terrestriai research activities reiy on data received from 
the International Sun-Earth Explorers, USEE-1 & 21, the Interplan- 
etary Monitoring Platform (IMP), the Active Magnetospheric Parti- 
cle Trace Explorer (AMPTE), and the Dynamics Explorers which 
are still operational. IMP continues to provide the only available 
source of solar wind input measurements to the Earth. IMP, along 
with ISEE-1 & 2, DE, AMPTE, and the Swedish Viking satellite 
successfully conducted a multisatellite campaign called Polar Re- 
gions and Outer Magnetospheric International Study (PROMIS) in 
1986. The ISEE-3 spacecraft, renamed the International Cometary 
Explorer (ICE!, provided corr.plement2ry solar wind measurements 
upstream of Comet Halley in 1986, and was retargeted for a return 
to Earth orbit in 2014 for retrieval and presentation to the Nation- 
al Air and Space Museum (NASM). 

By 1988 funding is required to support continuing mission oper- 
ations and data analysis activities for ISEE-1 and 2, IMP, DE, ICE 
and AMPTE. Operation of the Nimbus and SME satellites and 
processing of the collected data will be continued as will activities 
to provide ground truth for a NASA-developed ozone instrument to 
be flown on a NOAA meterological satellite. The SME and Nimbus 
satellites continue to produce extremely valuable data on ozone 
concentrations which will be used to estimate the occurrence of 
natural and man-made variations, sea surface temperatures, aero- 
sol measurements, and ocean productivity. Correlative ground 
truth activities will also be continued in FY 1988; these in situ ob- 
servations are needed to verify the quality of remote observations 
and improve our ability to interpret them. 

In addition, FY 1988 funding is required for operating the ERBS 
spacecraft, data processing and analysis from the total three-instru- 
ment system, and from the SAGE-I1 instrument on ERBS. 
Interdisciplinary Research 

Interdisciplinary Research activities need to be conducted to 
quantitatively characterize the Earth’s chemical, physical, and bio- 
logical processes on the land, along with the interactions between 
the land, the oceans, and atmosphere, which are of particular im- 

physical, and biogeochemical processes. Such research is essential 
to investigating and assessing long-term physical, chemical, and bi- 
ological trends and changes in the Earth’s environment. Included 
in the program activities are joint efforts from a variety of disci- 
plines, including atmospheric science, climatology, biological sci- 
ences, geochemistry. and oceanography. 
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In FY 1988, interdisciplinary studies will be continued with em- 
phasis on integrating discipline-specific research activities of Oce- 
anic Processes, Atmospheric Dynamics and Radiation, Upper At- 
mosphere/Troposphere Chemistry, and Land Processes into a uni- 
fied program which mi!l help increase our- understanding- of critical 
global processes. Emphasis wlll be placed on specific pllot studies 
such as those understanding the biogeochemical processes control- 
ling the concentration of atmospheric methane, characterizing 
rhnnps in properties nf the land surface and their effect on cli- 
mate, and understanding the role of the oceans in the global 
carbon cvcle. 
Teihered Sateiiiie Payioads 

The Tethered Satellite System (TSS) will provide a facility for 
conducting experiments weighing 500 kg o r  less from distances of 
100 km above or below the Space Shuttle. The TSS will allow 
unique science to be undertaken such as observations of atmospher- 
ic processes occurring within the lower thermosphere (below 18U 
km altitute), observations of crustal geomagnetic phenomena, and 
direct observation of magnetospheric-ionospheric-atmospheric cou- 
pling processes in the 125-180 kilometer region. In addition, the 
satellite, ccupled tc the canducting tether, c211 generate large am- 
plitude hydromagnetic waves and electrodynamic waves in the 
local space plasma, thus enabling active space plasma and magne- 
tospheric physics experiements to be performed. The objective of 
the initial TSS mission is to verify the controlled deployment, re- 
trieval and on-station stabilization of the satellite tethered from 
the orbiter, and to carry out an electrodynamics experiment using 
a conducting tether extended 20 km above the orbiter. 

The TSS is an international cooperative project with the Italian 
government. The United States is developing the tether deploy- 
ment and retrieval system, is responsible for overall project man- 
agement and system integration, development and integration of 
the U.S. provided instruments, and flight on the Shuttle. Italy is 
developing the satellite and is responsible for development and in- 
tegration of Italian provided instruments. An Announcement of 
Opportunity for investigations was issued in April 1984. Selection 
of investigators was completed in late 1985 and instrument design 
initiated in 1986. 

The FY 1988 funding is required to continue development of 
US.-provided instruments on TSS-1 and core equipment develop- 
ment and integration. 
Scatterometer 

The Scatterometer will provide accurate, global measurements of 
ocean surface winds which will be useful for other oceanography 
and meteorology. In addition to providing wind field data, Scattero- 

winds on ocean circulation, provide data on the effects of the 
oceans on the atmosphere, and provide improved marine forecast- 
ing (winds and waves). Flight of the instrument in 1990-1991 will 
provide an overlap of data gathering with the World Ocean Circu- 
lation Experiement, Tropical Ocean-Global Atmospheres Experi- 
ment planned by the international oceanographic community; and 
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additionally, concurrent flight with the Ocean Topography Experi- 
ment (TOPEX) would result in unique measurements of the Ocean’s 
driving force (winds) and the resulting Ocean response (topography). 

The feasibility of using the Scatterometer technique from space 
to accurately measure winds was demonstrated by Seasat in 1978. 
Definition studies conducted by NASA during FY 1983 and early 
FY 1984 resulted in the determination that the performance re- 
quirements as stated jointly by the research community and the 
Navy could be satisfied by utilizing system design concepts similar 
to those used on the Seasat Scatterometer. The major improve- 
ments include the addition of two antennas for improved wind di- 
rection determination and the addition of digital filtering to com- 
pensate for earth rotational effects. 

The Scattterometer was to have been flown on the Navy Remote 
Ocean Sensing System (N-ROSS) satellite in late 1990. With the 
apparent decision by the Navy to cancel N-ROSS development, the 
program is seeking an alternate, compatible flight option. As the 
Navy is still interested in Scatterometer data, it  is assisting the 
agency in obtaining an alternate flight. 

During FY 1987, various hardware components will be delivered, 
construction of the radio frequency subsystem will continue, the 
procurement of the second of two computer systems will begin, and 
a Critical Design Review will be conducted. Planned FY 1988 ac- 
tivities will include the continuation of hardware development 
leading to testing and integration of the Scatterometer Flight 
Model, delivery of the second computer system and beginning of its 
testing, and continued refinement of post launch research and veri- 
fication plans. 
Upper Atmosphere Research Satellite Program 

The Upper Atmosphere Research Satellite (UARS) program is 
the next logical step in conducting a comprehensive program of re- 
search, technology development and monitoring of the upper at- 
mosphere aimed at  improving basic scientific understanding. This 
mission, scheduled for a STS launch in 1991, is essential for under- 
standing the key radiative, chemical and dynamical processes 
which couple together to control the composition and structure of 
the stratosphere. The UARS mission will provide the first integrat- 
ed global measurements of: ozone concentration; chemical species 
that affect ozone; energy inputs; temperature; and winds in the 
stratosphere and mesosphere. These measurements will comple- 
ment the measurements of ozone and of atmospheric parameters 
affecting ozone that were made on Nimbus and SAGE. The UARS 
program is a critical element in overall stratospheric research and 
monitoring efforts; it will provide the first full data set on strato- 
spheric composition and dynamics which will be required when 
very difficult decisions must be made in the future regarding pro- 
duction of chlorofluorocarbons. The UARS mission will also con- 
tribute to the assessment of the impact of stratospheric changes on 
our climate and will provide the data needed for a full understand- 
ing of the stratosphere. These understandings are essential for sub- 
sequent design and implementation of a long-term stratospheric 
monitoring activity. 

A final selection of ten experiments has been made, including in- 
frared and microwave limb sounders which require advances in 
cryogenics, solid-state devices and microwave antennas beyond ear- 
lier capabilities. The instrument design and development activities 
are underway. A Solar Backscatter Ultraviolet (SBUV) instrument 
will be modified to fly on the Shuttle during the UARS mission 
and to provide correlative data. In addition, development of the 
central ground data handling facility, which will permit near-real- 
time interactive utilization of data by the twenty-one design and 
theoretical investigator teams, is underway. 

The FY 1988 funds are required for continuation of the develop- 
ment activities on the ten UARS instruments including flight hard- 
ware fabrication, instrument assembly and environmental testing 
leading to instrument delivery to the spacecraft in 1989. In addi- 
tion, the spacecraft development and hardware fabrication activi- 
ties will continue. 

The ground data handling facility will enable a higher level of 
interaction among experimenters and theoreticians than has exist- 
ed with past programs. Implementation of this concept requires 
that the system be developed on a timely parallel path with the 
flight hardware so that individual experiment data processing sub- 
systems, including algorithms and the interactive data base, pro- 
vide maximum interaction and effectiveness in the design and de- 
velopment phase of the program and are fully verified at launch 
time. In order to achieve this, FY 1988 funding is required to con- 
tinue design and development of the ground data handling facility 
including hardware delivery and checkout, software preliminary 
and critical design reviews, science team support and science algo- 
rithm development. 
Ocean Topography Experiment 

The goal of the Ocean Topography Experiment (TOPEX) is to uti- 
lize satellite radar altimetry to measure the surface topography of 
the global oceans over a period of three years with sufficient accu- 
racy and precision to significantly enhance our understanding of 
the oceans’ general circulation and its mesoscale variability. The 
capability of satellite altimetry to address this goal was demon- 
strated in 1978 by NASA’s highly successful Seasat program. Such 
information is needed to better understand how the atmosphere 
drives the circulation of the oceans, how the oceans in turn influ- 
ence the atmosphere and ultimately, the role of the oceans in cli- 
mate. 

Current plans call for NASA and the French Space Agency 
(CNES) to collaborate on TOPEX in order to more fully exploit the 
scientific value of the data. In exchange for this scientific collabo- 
ration and the flight of a French altimeter and tracking system, 
CNES will launch TOPEX in late 1991 using Ariane. TOPEX is 
also being planned in concert with the World Ocean Circulation 
Experiment (WOCE), a major international oceanographic field pro- 
gram being planned under the auspices of the World Climate Re- 
search Program (WCRP). WOCE will combine satellite observations 
from TOPEX with traditional in situ observations to enable the 
first comprehensive determination of the three-dimensional current 
structure of the global oceans. When further combined with ocean 
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surface winds from the NASA Scatterometer (NSCAT). unique 
measurements of the oceans’ driving force (winds) and the result- 
ing ocean response (topography) wi!! have k n  obtained. 

During FY 1987 a satellite contractor and a science team was se- 
lected, and sensor and ground data system development began. In 
FT 1988, preliminary design of the satellite and ground data sys- 
tems will !x we!! underway. Sensor development will continue 
through the Critical Design Review phase leading to the initiation 
of fabrication by late N 1988. At the same time the science team 
will be refining their research plans and will assist in assessing 
design options as they reiate u) achieving scientific succe- with 
TQPEX. 
Global Gempace Science 

The Global Geospace Science (GGS) is proposed as a N 1988 new 
initiative and will be part of the United States’ contribution to the 
International Solar Terrestrial Physics (ISTP) program. This pro- 
gram is an international multi-spacecraft, collaborative science 
mission designed to provide the measurements necessary for a new 
and comprehensive understanding of the interaction between the 
Sun and the Earth. 

The GGS is a complimentary mission to the Collaborative Solar 
Terrestrial (COSTR) program initiated in FY 1987 to provide in- 
struments and launch support and to gain science return in a coop 
erative effort with the European Space Agency (ESA) and the Japa- 
nese Institute of Space and Aeronautical Science (ISAS). The scien- 
tific value of this effort would be greatly enhanced by the addition 
of the two spacecraft proposed in the GGS program. The combined 
program would include five spacecraft missions: two U.S. space- 
craft, WIND and POLAR two ESA spacecraft, SOHO and Cluster; 
and one ISAS spacecraft; GEOTAIL. NASA will launch and provide 
upper stages for all spacecraft except SOHO. ESA will provide for 
launch and associated costs for SOHO. Initiation of GGS in N 
1988 will move the US. from a supporting to a leadership role in 
this international cooperative program. 

The Global Geospace Science (GGS) mission will measure and 
model the effects of the Sun on the Earth’s space system to en- 
hance our understanding of the processes and flow of energy and 
matter in the solar energy chain from outer geospace to atmospher- 
ic deposition. GGS will also enhance our ability to assess the impor- 
tance of variations in atmospheric energy deposition from the geo- 
space system to the terrestrial environment. GGS consists of two 
fully instrumented .US. spacecraft. WIND and POLAR, making si- 
multaneous measurements in key geospace regions. Instruments 
and theory investigations were selected through an Announcement 
of Opportunity to US. and foreign investigators. GGS provides the 
first coordinated measurements in key plasma source and storage 
regions, multi-spectral global auroral imaging, and multi-point 
study of magnetospheric response io soiar wind. 

Essentially all commitments by the foreign governments are in 
place and their development activities have commenced. Approval 
of the GGS will allow the United States to become a full partner in 
the ISTP program reinforcing our commitment to international co- 

operatim and is essentiz! tc mnintaini~g continued hidership in 
solar terrestrial physics. 

to initiate development of GGS spacecraft instruments and ground 
system. FY 1988 funding will allow initiation of these efforts in 
time to take advantage of simultaneous measurements provided by 
the Ce!!ahrative %!ar Terrestria! Rcscarch (COSTP,) piog;iiii and 
other solar-terrestrial research efforts. 

MATERIAIS PROCESSING IN SPACE 

Der m A o n  : A .  studies are conipieie aid FY 1388 funds are required 

FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

1 Estimated fiscal 1 Authorization 1 year 1987 fiscal year 1988 
I I 

Research and analysis .............................................. 
Microgravity Shuttle/Station payloads ................. 

................................................................. Total 47,900,000 45,900,000 

The Materials Processing in Space program emphasizes the sci- 
ence and technology of processing materials to understand con- 
straints imposed by gravitational forces and the unique capabilities 
made possible by controlling these processes in the space environ- 
ment. Ground-based research, technology development, and pay- 
load definition activities in FY 1988 are being concentrated on six 
major processing areas: metals and alloys, electronic materials, 
glass and ceramics, biotechnology, combustion, and fluid dynamics 
and transport phenomena. These activities will provide the scientif- 
ic basis for future space applications of materials processing tech- 
nology as well as provide a better understanding of how these proc- 
esses occur on the ground. Definition studies will be performed for 
Shuttle and Space Station experiment candidates in areas such as 
containerless experiments, combustion science, solidification and 
crystal growth, and blood storage. Also included are maintenance 
of capabilities for experimentation in drop tubes, towers, and air- 
craft. Studies and science support for Joint Endeavor and Techni- 
cal Exchange Agreements are included in this program. 

Microgravity Shuttle/Space Station payloads is a consolidaton of 
ongoing activities which provide a range of experimental capabili- 
ties for all scientific and commercial participants in the Microgra- 
vity Science and Applications program. These include Shuttle mid- 
deck experiments, the Materials Experiment Assembly and the Ma- 
terials Science Laboratory, which is carried in the orbiter bay. 
These capabilities will enable users to develop different experi- 
ments in a cost-effective manner and allow a better understanding 
of the technical risks associated with experiment concepts before 
attempting to develop more complex hardware; define and imple- 
ment Microgravity Science experiment equipment development 
and conduct key in-space experiments in support of current Space 
Station activities and future microgravity Space Station Laboratory 
work in Materials Science. In addition, reflight of investigations on 

terials Experiment Operations. 
Shr?tt!e/Sp2ce!ah rnissions and the .?..id dcc!: is procided far in Ma- 



Research and Analysis 
The research and analysis activity provides the scientific founda- 

tion for all current and future projects in the Mic-ogravity Science 
and Applications program. Emphasis is placed on ground-based re- 
search which is expected to evolve into space investigations with 
potential for future applications. This activity also supports tech- 
nology development for future ground and space capabilities, and 
applications activities leading toward privately-funded space enter- 
prises. Most research projects are initiated as a result of proposals 
from the scientific community which have been extensively re- 
viewed by peer groups prior to selection. The FY 1987 funding is 
being used to support ongoing research. 

Ground-based research and analysis will be continued in N 1988 
in the areas of metals and alloys, electronic materials, glass and ce- 
ramics, biotechnology, combustion, and fluid dynamics and trans- 
port phenomena. Research will be conducted to define the role of 
gravitydriven influences in generic processing methods. Effort will 
continue at the centers for bioprocessing research located at  the 
University of Arizona and the University City Science Center in 
Philadelphia, PA as well as the Microgravity Materials Science Lab 
at the Lewis Research Center. 
Microgravity ShuttleBpace Station Payloads 

The Microgravity ShuttleBpace Station payloads program pro- 
vides a wide range of opportunities for scientific and commercial 
experiments in microgravity science and applications. Development 
of Shuttle middeck and cargo bay experiments and Space Station 
experiments are supported under this activity. Preliminary data 
analysis on Shuttle experiments already flown has shown promis- 
ing results. 

FY 1988 funding is required to continue basic and applied re- 
search activities using middeck and cargo bay experiments leading 
to several flights over the next few years. Investigations will be 
planned in fluid dynamics, glasses, electronic materials, biotechnol- 
ogy, metals and alloys, and combustion. Development will begin on 
a number of Physics and Chemistry Experiments (PACE) as well as 
continued development of several pieces of advanced equipment in 
the areas of electronic crystal growth, biotechnology, metallic cast- 
ing, and levitation. 

Funding will also support definition activity for Space Station 
hardware development. 

COMMUNICATIONS 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 
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I Estimated fiscal Authorization 
year 1987  I f i a l  year 1 9 8 8  

Advanced Communications Technology Satel- 
lite ( A C E )  .............................................................. $85,000,000 $45,000,000 

Research and analysis .............................................. 13,000,000 $14,400,000 
Search and rescue ..................................................... 1,000,000 1,300,000 
Technical consultation and support studies ......... 1 3,200,000 ~ 3,400.000 

Estimated fiscal Authorization ’ year 1987 1 fiscal war 1888  

Experiment coordination and operations sup- 1 I 
port .......................................................................... ~ 1,300,000 i 1,400,000 ---- 

Total ................................................................ 103,500,000 1 65,500,000 

The committee added $45,000,000 in funds to the NASA request 
to complete development of the Advanced Communications Tech- 
nology Satellilte. 

The Communications Research and Analysis program continues 
to provide the development of subsystem component technology re- 
quired by NASA, other government agencies, and US.  industry for 
advanced communications satellite systems. Special emphasis is 
being given to pursuing technologies with high potential for im- 
proving spectrum utilization, satellite switching, and intersatellite 
link technologies, since these technologies are the key to future 
growth of the communication satellite and terminal markets. In 
addition, the mobile communications technology program will con- 
tinue to address the development of critical enabling technologies 
needed to insure growth of a commercial mobile satellite service in 
the US.  This effort, in cooperation with US.  industry, Canada, and 
other government agencies, will help implement a first generation 
commercial system at the end of the decade. 

The Search and Rescue program is an international cooperative 
program that demonstrates the use of satellite technology to detect 
and locate aircraft or vessels in distress. The United States, 
Canada, France, and the Soviet Union developed the system, in 
which Norway, the United Kingdom, Bulgaria, Finland and Den- 
mark also participate. A five satellite system is now in service (two 
U.S. and three U.S.S.R. satellites) and has been credited with 
saving over 675 lives in numerous worldwide incidents. The oper- 
ational responsibility for this program was referred to NOAA in 
1985. 

The technical consultation and support program will continue to 
provide for studies of radio interference, propagation and special 
systems required for the growth of existing satellite services and 
the extension of new satellite applications. Support to the Depart- 
ment of State, the Federal Communications Commission, the Na- 
tional Telecommunications and Information Administration, and 
other Agencies in the development of frequency and orbit sharing 
techniques and strategies for upcoming World Administrative 
Radio Conferences (WAR’S) is continuing. 

The experiment coordination and operations support program as- 
sists other federal agencies and public sector organizations in the 
development of experimental satellite communications for emer- 
gency disaster and public service applications. Operation of the A p  
plications Technology Satellite (ATS-3) is continuing through con- 
tracts with the University of Miami. 
Advanced Communications Technology Satellite 

The objective of the Advanced Communications Technology Sat- 
ellite (ACTS) program is to prove the feasibility of certain advanced 
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communications satellite technologies through a flight test pro- 
gram. The specific technologies to be validated include: (1) the use 
of multiple fixed and scanning spot antenna beams; (2) frequency 
reuse; (3) beam interconnectivity at both intermediate frequencies 
and a t  baseband; (4) advanced system network concepts; and (5) dy- 

plicable to a wide range of communications systems in the 1990's. 
The ACTS spacecraft will be launched from the Shuttle into gew 

stationary orbit. The spacecraft will consist of a commercial com- 
munications bus and a muiii'beam communications package, inciud- 
ing a multibeam antenna, baseband processor, RF matrix switch, 
traveling wave tube amplifier, and low noise receiver. The ground 
segment will consist of a NASA ground station and a master con- 
trol station. Following launch and checkout, a tweyear program of 
user-funded experiments will be initiated, during which time ACTS 
system technologies will be tested, evaluated, and validated. Over 
40 organizations, including DOD, have requested consideration for 
experiment opportunities on ACTS to date. 

FY 1987 funding continued the design and development of the 
spacecraft bus, the communications electronics package, the base 
band processor, the multibeam antenna, and the development of 
the NASA ground station and the software needed for the master 
control station. 
Research and Analysis 

The Communications Research and Analysis program empha- 
sizes the development of high-risk technology required to maintain 
U.S. preeminence in the international satellite communications 
market, to enable new and innovative pubic services, and to meet 
the communications needs of NASA and of other government agen- 
cies. This program focuses on the "interconnectivity technologies" 
of on-board switching, intersatellite links, and antennas, as well as 
advanced radio frequency (RF) technologies. Advanced studies are 
performed to determine the future satellite communications needs 
of the country and to define the technology required to meet those 
needs. The technology is developed and tested through a n  advanced 
proof-of-concept (POC) program. The POC devices and components 
are then integrated into a multiple terminal, satellite communica- 
tions network in a laboratory where they undergo comprehensive 
evaluation. 

In 1987, work is continuing on advanced communications tech- 
nologies. The laser intersatellite communications technology will 
permit improved communications between satellites and ground 
terminals, satellites and low earth orbiting vehicles, such as the 
Space Shuttle or Space Station, and between satellites and other 
geosynchronous orbiting satellites, such as the Tracking and Data 
Relay Satellite (TDRS). Technology development is also underway 
in tne area of monoiithic microwave integrated circuits iMivIiZi, 
which have significant potential for applications in multiport 
spacecraft matrix switches, low noise receivers, and multibeam an- 
tenna a r ray  and Lam-forming networks. A number of indnstry 
studies are being sponsored to assess new areas of communications 
technologies required for the 1990's. 

namic rainmmpnsation technin,l.!ea These t e c h n o ! o ~ ~  will be a p  

The mobile communications technologies activity is aimed a t  ac- 
celerating the introduction of a commercial mobile satellite service 
in the US. ,  and developing and testing power, bandwidth and or- 
bital-slot efficient ground segment technology and networking tech- 
niques needed to insure its growth. An innovative NASA offer to 
encourage industry participation was signed in FY 1985 as the 
basis for the program, and in early FY 1986, the NASA technology 
program received the support of industry at  a major government/ 
industry briefing. Recently the Federal Communications Commis- 

FY 1986, system design studies were completed and hardware de- 
velopment was initiated. In FY 1987 field tests of selected hard- 
ware e!ements will be conducted. 

During FY 1988, advanced studies and selected technology devel- 
opment will continue in the high risk areas of microwave and opti- 
cal technology, satellite switching, R F  systems, and intersatellite 
links. Work in these technology areas will support U.S. industry, 
NASA, and other government agencies 2nd address naticns! eco 
nomic and security interests. 

In FY 1988 all prototype components for the mobile communica- 
tions experiment will be completed and field testing of the full 
mobile terminal will begin. 
Search and Rescue 

The Search and Rescue program, developed by NASA and inter- 
national partners, has demonstrated the feasibility of using satel- 
lites to improve significantly the ability to detect and locate gener- 
al aviation and marine vessels during emergencies. The Search and 
Rescue satellite system has met all specifications and was declared 
operational in July 1985. The system has received world-wide ac- 
claim and has been credited with saving over 675 lives to date. In 
addition, the system is demonstrating the potential to save millions 
of dollars annually in search logistics costs. 

In FY 1987, work is continuing to improve system software effi- 
ciency, develop lowcost 406 MHz hardware, and initiate develop- 
ment techniques that will enhance the ability of the system to 
locate quickly those in distress. 

In FY 1988, an experiment using geostationary satellites for in- 
stant alert will be completed and the results analyzed. Work to 
impove cost and performance of emergency beacons will continue. 
Technical Consultation and Support Studies 

Technical Consultation and Support Studies provide the techni- 
cal basis for regulatory and policy development to assure the order- 
ly growth of existing and new satellite services. Unique analytical 
tools are developed and used to solve problems of inter- and intra- 
satellite/terrestrial system interference. Emphasis is placed on 

ment of frequency and orbit sharing techniques and strategies, 
design standards, and the determination of the effect of propaga- 
tion phenomena and man-made noise on performance, design, and 
efficient use of the geostationary satellite orbit and the radio spec- 
trum. 
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Data systems .............................................................. 
Information systems ................................................. 

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

During N 1986, a geostationary orbit arc allotment planning 
concept was developed as part of the US. preparations for the 1988 
Space World Administrative Radio Conference (SWARC). Proper 
preparation is critical to U S .  objectives for maintaining flexibility 
in the use of orbiting and operating communications satellites. 
During N 1987, work will proceed to obtain an international fre- 
quency allocation for mobile satellite operation. 

In N 1988, work will be completed on the geostationary orbit 
arc allotment planning method and support will continue for the 
second session of SWARC. Studies will continue for the purposes of 
identifying techniques to increase the efficient use of the limited 
orbit/spectrum resources and to understand and alleviate the ad- 
verse effects of propagation phenomena on space communications. 
Experiment Coordination and Operations Support 

The objectives of this program are to support and to document a 
wide range of user experiments and demonstrations of the applica- 
tion of satellite communications. Past experiments on experimental 
satellites, such as the Applications Technology Satellite (ATS) 
series and the Communications Technology Satellite (CTS), have 
successfully provided users with the experience necessary to make 
informed decisions regarding the satellite communications func- 
tions. NASA’s role to stimulate use of unique space facilities has 
led to wider application of commercial satellites that better meet 
the needs of potential users. 

The remaining Applications Technology Satellite (ATS) ATS-3, 
continues to support the National Science Foundation, the Nation- 
al Oceanic and Atmospheric Administration, the Department of 
Commerce, the Department of the Interior, the Drug Enforcement 
Administration, several universities, state and local governments, 
and a number of domestic and international disaster relief organi- 
zations. Support is provided through satellite voice and data links 
for scientific and communications experiments to North and South 
America, most of the Atlantic Ocean, and a large part of the east- 
ern Pacific including Hawaii and Antarctica. 

In N 1988, operational support for ATS-3 will continue. NASA 
will maintain approval and policy control of the ATS program. 
NASA will continue planning support for educational, scientific, 
and public service communications experiments for organizations 
within the Western hemisphere, and wili support similar experi- 
mental activities of Pacific basin organizations within the footprint 
of the ATS-3 coverage. 

INFORMATION SYSTEMS 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

$9,400,000 $9,700,000 
11,900,000 12,600,000 
21,300,000 22,300,000 

1 Estimated fKal Authorization 
year 1987 1 fiscal year 1988 

The objectives of the Information Systems program are to: devel- 
op and demonstrate advanced capabilities of managing, distribut- 
ing, and processing data and information; implement information 
system standards and provide common software in order to lower 
data system costs; and develop the basis for data services to provide 
improved access to, and rapid delivery of, space data and advanced 
data systems in support of the nation’s satellite programs and 
space science and applications projects. 

This program provides for timely development of data system ca- 
pabilities to meet the needs of flight missions and major space sci- 
ence and applications programs. The early demonstration of capa- 
bilities has a high potential for reducing ground data system devel- 
opment risks and for providing timely delivery of data to research- 
ers. 

The FY 1988 Information Systems funding is required to provide 
support for space science and applications programs. Funds are re- 
quired: to continue development of planetary, earth resources, and 
astrophysics data systems projects which are being implemented a t  
the Jet Propulsion Laboratory, the Goddard Space Flight Center, 
and participating academic institutions; to continue implementa- 
tion of on-line data directories and catalogs; to operate the large- 
scale computers in the Space and Earth Sciences Computing Center 
(SESCC) and the archives at the National Space Science Data 
Center (NSSDC) (both facilities located at the Goddard Space Flight 
Center); to develop common software to support ongoing research 
in the space and earth sciences; and to continue development of 
data management and data archiving to support flight projects, dis- 
cipline program offices, and other NASA program offices. The FY 
1988 funding levels will also provide the university/research com- 
munity with improved access to NASA computational facilities and 
data archives by expanding network communications links, by in- 
creasing online data storage capacities, and by developing stand- 
ards for data and protocols. 

7.  TECHNOLOGY UTILIZATION 

NASA REQUEST, $18,300,000 

AUTHORIZATION, $18,300,000 

FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

1 Estimated fiscal 1 Authorization 
war 1987 , fiscal year 1988 

Product development ................................................ / $1,500,000 1 $1,920,000 
Acquisition, dissemination and network oper- 

ations ....................................................................... i 4,100,000 4,730,000 
Promarn develomnent. evaluation and coordi- ! 

2,380,000 
. .  

....................................................................... nation I 1,780,000 , 
Technology applications ........................................... 1 5 950 000 6,620,000 
Industrial outreach ................................................... 1 2:370:000 I 2.650.000 , .  . .  

Total ................................................................. 15,700,000 I 18,300,000 

The NASA Technology Utilization program is designed to 
strengthen the national economy and industrial productivity 
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through the transfer and application of aerospace technology re- 
sulting from NASA's R&D programs. To accomplish this objective, 
NASA has established and operates a number of technology 
transer mechanisms to provide timely access of useful technologies 
to the private and public sectors of the economy. Almost every part 
nf IUS. industry is affected by the technology transfer process. espe- 
cially in such areas as automation, electronics, materials, and pro- 
ductivity. In the public sector, medicine, rehabilitation, transporta- 
tion and safety are areas in which aerospace technologies have 

are: (1) to accelerate and facilitate the application of new technolo- 
gy into the commercial sector, thus shortening the time between 
the generation of advanced aeronautics and space technolo@es and 
their effective use in the economy; (2) to encourage multiple sec- 
ondary uses of NASA technology in industry, education, and gov- 
ernment, where a wide spectrum of technological problems and 
needs exist; and (3) to develop applications of NASA's aerospace 

including its unique facilities, to priority nonaerospace 
F l F $ % e  Nation. 

NASA has continued its broad and comprehensive efforts to pro- 
mote and encourage the effective application and use of new and 
innovative aerospace technologies throughout the public and pri- 
vate sectors of the US. economy. Of particular note is the upward 
growth of industrial and business subscribers to  NASA Tech Briefs 
which now exceeds 130,000 readers. This 60% increase since Janu- 
ary 1985 represents a growth rate averaging over 5,000 new sub- 
scribers per month-an effective measure of the importance and 
value which US. industry places on new and emerging technol- 
ogies. 

Moreover, the NASA-sponsored Industrial Applications Center 
(IAC) network has made significant strides in developing effective 
linkages with state-sponsored institutions engaged in industrial 
and economic growth. This broadening and strengthening of the 
nationwide technology transfer network is continuing to gather 
momentum with nearly 20 of the 50 states now being linked to 
transfer products and services available through the IAC efforts. 
NASA expects to continue this effort during the balance of FY 
1987 and on into FY 1988. An additional milestone was reached in 
late 1986 when the Federal Laboratory Consortium (FLC) for Tech- 
nology Transfer (formerly established under P.L. 99-502) and 
NASA elected to enter into an agreement which establishes formal 
linkages between the NASA IAC network and the various Federal 
laboratories. Based on the successful completion of an experimental 
program between the NASA IAC a t  the University of Southern 
California and the FLC Fanvest Region, IAC industrial clients will 
now be able to gain controlled access to Federal laboratories na- 
tionwide that are engaged in research and development activities 
of parallel commercial interest. This effort should spur and acceler- 
aie ihe process Tor iile irazrdez azid apphitioii  of F ~ d ~ & y - ~ p ~ i i -  
sored technologies into the mainstream of the US.  economy. NASA 
is also seeking to familiarize and involve the private sector to a 
greater extent. The hiatus in Shuttle flights caused by the Chal- 
lenger accident has shifted the focus of NASA's commercial pro- 
grams from in-space experimentation to groundbased opportunities 

L--_ 11.. L--..LZ..:-l V7L- ---,..C,. ,.I.:..*+: .._- +l.- ...-nrrrom weii oapeciaiy UCIICILLIOI. I IAC: U ~ ~ . C A U C  VYJVCUYCU uAI. 

and exploitation of available technology. The IAC are a natural 
focal point for increasing awarenes of available technology and o p  
portunities. 

Several important events occurred during the past year in which 
several NASA-sponsored Technology Applications projects came to 
fruition Among these was the first human implant of the Pro- 
grammable Implantable Medication System (PIMS) at the Johns 
Hopkins University (JHU) Hospital in November 1986. This suc- 
cessful human application of PIMS which culminates several years 

Physics Laboratory, and various private sector firms, initiates a 
two-year clinical test period in which 20 or more implantations will 
occur. All of the scheduled applications during the test period will 
be for patients with chronic diabetes. 

Finally, NASA authorized an experimental technology transfer 
program at the Jet Propulsion Laboratory as a means to enhance 
access to that laboratory's technology by the private sector. In May 
1986, NASA entered into a cooperative agreement with the non- 
profit California-based Research Institute for the Management of 
Technology (RIMTECH) to introduce JPL technology to industrial 
users in the Southern California area. For an entry fee, RIMTECH 
clients are offered NASA's technical assistance, information re- 
trieval services, licensing rights and the possibility of cofounding of 
projects in the development stage. NASA, in turn, fulfills ita char- 
ter and accrues the benefits of a broadened high-tech base indus- 
try, incentives for JPL employee creativity, potential ro alities 
from patent licensing, and reverse technology transfers to &ASA/ 
JPL from industry. 
Product Development 

Based on the increasing response to Tech Briefs and expanding 
IAC network, increases in new technology identification and re- 
porting are anticipated in FY 1988. These resources will provide for 
evaluation and packaging of these technologies for publication to 
become available to industry to stimulate active interest in partici- 
pating in NASA's Technology Utilization and Commercial Use of 
Space programs. 
Acqumition, dissemination and network operations 

In FY 1988, NASA plans to strengthen the Technology Counselor 
network at its field installations to provide for expanded identifica- 
tion of NASA technical capabilities and expertise. This capability 
and expertise is necessary for matching and cross-correlating 
NASA technology with industry needs specified by NASA Industri- 
al Applications Centers. To facilitate timely and efficient interac- 
tion between Technology Counselors, Industrial Applications Cen- 
ters and other organizations in the NASA technology transfer net- 
work, a coherent, microcomputer-based communications system is 

storage and retrieval systems will greatly enhance the overall ca- 
pability of the network to coordinate technology transfer activities, 
and respond to user needs efficiently with minimum overlap and 
duplication of effort. Moreover, the system will enable technology 
transfer managers to maintain appropriate controls over the proc- 
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8. COMMERCIAL USE OF SPACE 

NASA REQUEST, $35,700,000 

AUTHORIZATION, $30,700,000 

FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Commercial applications R&D ................................ 
Commercial development support .......................... 

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

ess to insure overall program effectiveness and management ac- 
countability. 
Program development, evaluation, and coordination 

With an expanded role in industrial outreach, additional empha- 
sis will be required in the development of program goals and objec- 
tives in terms of long range plans for NASA Technology Utilization 
(TU) and Commercial Use of Space (CUS) programs. Focused efforts 
on assessing potential participants in US. industry, preparing in- 
formation guidelines to support cooperative relationships through- 
out the NASA technology transfer network, as well as satisfying 
anticipated increased demand for TU/CUS program publications 
and responses to increased number of program inquiries are among 
the many management planning and support requirements. Specif- 
ic actions are also planned for FY 1988 to strengthen program de- 
velopment, evaluation and coordination on an internal as well as 
external basis to support the national technology transfer network 
and commercial use of space outreach efforts. 
Technology applications 

In FY 1988, a broadening of application team responsibilities is 
anticipated to assist NASA Industrial Applications Centers in bro- 
kering industrial client problems with existing aerospace technol- 
ogies leading to project definition and industry-driven cooperative 
projects. This effort will result in increased tangible and meaning- 
ful applications of aerospace technology in the private sector, thus 
enhancing the productivity and competitive posture of US.  indus- 
try. 
Industrial outreach 

In FY 1988, NASA will utilize its existing dissemination center 
network to contact and acquaint US.  industrial firms with oppor- 
tunities to actively interact and participate with NASA in technol- 
ogy transfer and space commercialization. Such contacts are envi- 
sioned on a face-to-face basis, with appropriate follow-up including 
seminars, conferences and workshops to explore more detailed 
characteristics of the “opportunities” for interaction. The NASA 
Industrial Applications Centers are in a unique position to serve as 
NASA’s surrogate in aligning U S .  industrial interests in space 
commercialization as well as opportunities for commercialization of 
advanced technologies resulting from NASA’s R&D programs. The 
technological needs of industry-and of NASA-would benefit from 
this synergistic approach designed to bring engineering resources 
of both in closer proximity. 

Successful technology transfer occurs most frequently in an envi- 
ronment where knowledge is shared easily and advantages through 
cooperative endeavors are explained and understood. It is this role 
that the NASA dissemination center network can readily fulfill. 

Estimated fwal Authorization 
year 1987 fiscal year 1988 

$22,600,000 $26,000,000 
3,000,000 4,700,000 

25,600,000 30,700,000 

The Committee reduced NASA’s request by $5 million in view of 
the inevitable delays in commercial activity in space as a result of 
the shuttle down-time. The impact on the program as a result of 
the reduction is expected to be minimal. 

The goal of the Commercial Use of Space program is to provide a 
national focus in support of the expansion of US. private sector in- 
vestment and involvement in civil space activities, while emphasiz- 
ing new high technology commercial space ventures and promoting 
the development of new markets for civil space services. The specif- 
ic objectives of the program are to: (1) establish close working rela- 
tions with the private sector and academia to encourage invest- 
ment in space technology and the use of the in  situ attributes of 
space-vacuum, microgravity, and radiation for commercial pur- 
poses; (2) facilitate private sector space activities through improved 
access to available NASA capabilities; (3) encourage an increase in 
private sector investment in the commercial use of space independ- 
ent of NASA funding; and (4) develop and implement commercial 
space policy NASA-wide. 

Nine Centers for the Commercial Development of Space (CCDS) 
have been established since the start of the program. A solicitation 
is underway to obtain proposals for as many as five new CCDS in 
1987. Average cost of a CCDS is just under $1 million per year. 

The Office of Commercial Programs (OCP) is building multi-user, 
multi-use government hardware that will reduce individual entre- 
preneur experiment costs to a level that can be afforded. This hard- 
ware consists of various types of furnaces, materials processing 
equipment, and experiment carrier supporting structures that pri- 
vate companies may use for space experiments. Use of the hard- 
ware provides access to microgravity through flights on the shuttle, 
on NASA aircraft, and on sounding rockets. The total estimated 
cost of the present program will be approximately $50 million with 
hardware delivery starting in 1987. 

The OCP has assumed responsibility for integration and mission 
management of unique Joint Endeavor Agreement flight experi- 
ments. 

Work will start in FY 1987 to prepare experiments for flight and 
thus have them in a flight-ready status when the shuttle resumes 
flight. The work consists of analyzing the experiment’s characteris- 
tics and requirements and making provision for the physical place- 
ment on-board the shuttle. 
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The Committee notes with growing concern the disparity be- 

tween the space flight requirements of secondary payloads and 
NASA's capability (through the Space Shuttle) to meet these re- 
quirements. Since many of the seconday payloads involve research 
essential for maintaininq US. leadership in space, the Committee 
strongly supports NASA s efforts to reduce the backlog of second- 
ai pe-*kxi&. TG this e d ,  the Ce~rr?itte? efidorses the effort of the 
Ames L a r c h  Center to study the feasibility of developing a reus- 
able reentry satellite that can help in reducing this backlog of 
micro-gravity and life sciences secondary payloads. 
Commercial applications R&D 

In order to maintain momentum in commercial use of space ac- 
tivities, NASA will continue to establish Centers for the Commer- 
cial Development of Space (CCDS). Institutions with strong re- 
search capabilities in sciences and engineering, in collaboration 
with indust and/or industrial associations, will be encouraged to 
participate.%e Centers are  joint undertakings involving, to the 
extent practicable, teams of industrial corporations and/or govern- 
ment agencies (other than NASA) and/or non-profit institutions. 
Resources support and technical assistance will be partially fur- 
nished by NASA with the remainder furnished by the Center mem- 
bers. In N 1985, NASA provided partial funding to establish five 
Centers for the Commercial Development of Space. In N 1986, 
NASA funded four additional Centers for a total of nine CCDS in 
operation. Awards are planned for FY 1987 and FY 1988 for.an 
eventual total of up to 18 Centers simultaneously operating. 
NASA's individual CCDS funding is planned for five years in order 
to stimulate and stabilize the Centers' activities. Nevertheless, 
NASA's support, on a year-byear basis, will depend on a favorable 
annual review of the Centers progress in stimulating commercial 
use of space. There is a mandatory requirement for industry par- 
ticipation in each Center, including the expenditure of corporate 
resources. NASA support will be reduced and finally discontinued 
at the end of five years as the successful Centers achieve self-suffi- 
ciency. 

NASA's goal of expanding opportunities for U.S. private sector 
investment and involvement in civil space and spacerelated activi- 
ties will be partially achieved by increasing the amount of space 
related research conducted by the private sector, the number and 
type of NASA and private sector facilities available for space use, 
and the private sector awareness of the opportunity to use NASA's 
terrestrial and spacebased facilities for potential commerclal r e  
search. 

Through coordination with various industrial sectors, the com- 
mercial R&D enhancement efforts will provide generic, multi-use 
research experimentation equipment. This equipment, as well as 
ground-based hardware, software and analytical tools will be devel- 
oped in order to expand the technical research database on the 
commercial uses of space required by the private sector to heip 
make economic decisions to commit to research and, potentially, 
manufacture. Emphasis is placed on building the required techni- 

the private sector in coordination with NASA. Resources will also 
cai infr-tiiictiiie. "he main thrast of the effort y~il! !E dirpcted hy 

be made available to obtain flight support experimentation hard- 
ware required by industrial researchers. This may include across- 
the-bay carriers, such as Hitchhiker-M or Materials Science L a b  
oratories, as well as middeck augmentation racks or derivatives 
thereof. Both analytical and physical integration support are re- 
quired for experiments conducted under Joint Endeavor Agree- 

to the number of commercial research and development flight ex- 
periments scheduled and it is intended to encourage private sector 
use of space facilities. The use of ground-based research facilities, 
aircraft and sounding rockets for commerciai experimentation wiii 
be given emphasis in order to provide limited access to the micro- 
gravity environment for certain commercial experiments. Sounding 
rocket use will allow proof-of-concept testing and hardware check- 
out in a limited duration microgravity environment. 
Commercial development support 

The Support of the Commercial Use of Space Program requires a 
broad foundation. Ad hoc and continuing studies by experts are re- 
quired to provide the direction and feedback needed by the pro- 
gram, especially where the economic, commercial and technical cir- 
cumstances are changing rapidly. Short and long range plans and 
agency policy are adjusted based on the results of the studies. S u p  
port services and equipment hardware maintenance are the other 
elements of commercial development support. 
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9 AERONAUTICAL RESEARCH AND TECHNOLOGY 

NASA REQUEST, $YYY,OOU,UOO 

AUTHORIZATION, $399,000,000 

FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Estimated fiscal Authorization 1 year 1987 1 fiscal year 1988 

Research and technology base ................................ 
Systems technology programs ................................. 103,100,000 93,800,000 

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

The goal of the NASA Aeronautical Research and Technology 
program is to conduct effective and productive aeronautical re- 
search and develop technology which contributes materially to the 
enduring preeminence of U S .  civil and military aviation. This goal 
is supported by five comprehensive program objectives: (1) identify 
and concentrate on those emerging technologies with potential for 
order-of-magnitude advances in aircraft capability and performance 
that will enhance US.  industrial competitiveness; (2) sustain the 
excellence of NASA's research centers by modernizing and enhanc- 
ing the efficiency of national facilities, advancing scientific and en- 
gineering computational capabilities, and enhancing staff technical 
excellence by selecting highly qualified personnel and providing 
them ::.ith cha!!enging czreer opportmities; (3! enswe time!y znd 
efficient transition of research results to the US. aerospace com- 
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earmarked for general aviation rotary engine research. The Com- 
mittee is interested in recent advances in the two-stroke rotary vee 
engine and believes the engine may have the potential to provide 
greater power-to-weight efficiencies than conventional rotary en- 
gines. The Committee directs NASA to conduct a technical assess- 
ment of rotary vee engine performance and possible applications of 
high temperature ceramics to rotary vee engine design. The Com- 
mittee recommends $250,000 for rotary vee engine activities in FY 
88. In addition, $2 million is recommended to augment the High 
Angle of Attack System Technology Program and $2 million to 
augment the engine hot section work under the Advanced High 
Temperature Engine Materials Systems Technology Program. The 
total recommended authorization is $399,000,000. 

The N 1988 research and technology program has been redirect- 
ed to emphasize and focus on those technological opportunities 
which have potential for order-of-magnitude increases in vehicle ca- 
pabilities and substantive impact on U.S. competitiveness. Previous 
progress in hypersonic technologies has led to the creation of the 
joint DOD/NASA National Aero-space Plane program. This pro- 
gram is being supported over the entire spectrum of fundamental 
disciplinary research and technology in the aeronautics program. 
The ongoing turbine engine Hot Section Technology (HOST) and 
the Ceramics for Turbine Engines Systems Technology programs 
have been combined and augmented into a High-temperature Pro- 
pulsion Materials program aimed a t  revolutionary advances in 
engine thrust-to-weight ratio applicable to a broad range of aero- 
space vehicles. The demand for NASA’s unique aeronautics re- 
search and test facilities is growing with the emergence of the Na- 
tional Aero-space Plane program and a new generation of military 
aircraft requiring extensive wind tunnel testing. In order to meet 
growing demand for development and new research needs with 
aging facilities, NASA is accelerating its wind tunnel moderniza- 
tion program, while also launching a broad study to identify the 
highest priority needs to guide future facilities enhancements. A 
brief summary of the key elements of the research and technology 
base and systems technology programs follows. 

In fluid and thermal physics, research will focus on aerodynamic 
benchmark experiments to provide the data base for validating 
recent breakthrough computational fluid dynamic analyses for 
three-dimensional viscous flows and for developing models of com- 
plex flow phenomena. Activities will emphasize linking gas dynam- 
ics and chemical kinetics in advanced simulation codes for applica- 
tion to viscous, real-gas, external flows about hypersonic flight ve- 
hicles. In the fundamental flow physics area, emphasis is focused 
on the experimental and computational analysis of turbulence, tur- 
bulent flows, and vortical flows capitalizing on pathfinding ad- 
vances in numerical aerodynamic simulation technology. Devices 
and design techniques to reduce viscous drag for supersonic air- 
craft will be developed from this research. 

Applied aerodynamics will concentrate on high angle-of-attack 
aerodynamics, developing techniques to control vortex instabilities 
to enhance the maneuverability of future high-performance air- 
craft. Emphasis also will be placed on rotorcraft acoustics, air load 
prediction, and augmented flight dynamics. The 40x80-foot wind 

munity through reports, conferences, workshops, and active partici- 
pation of industry in contractual and cooperative rograms; (4) 
ensure the strong involvement of universities in NAlA’s program 
to broaden the Nation’s base of technical expertise and innovation; 
and (5) provide technical expertise and facility support to the De- 
partment of Defense (DOD), other government agencies, and US. 
indust for major aeronmtical programs. These objectives require 
a broar  program of fundamental research that focuses on critical 
technologies and accelerates technology readiness for future vehi- 
cles. 

The NASA Aeronautical Research and Technology program is in- 
tended to provide results well in advance of specific applications 
through long-term independent research and technology which is 
not driven by the development and operational pressures often en- 
countered by the DOD and industry. Fundamental research in the 
traditional aeronautical diciplines is pursued concurrently with 
systems research directed at interaction among disciplines, compo- 
nents, and subsystems. Ongoing and planned research in the pro- 
gram represents a major contribution to the technological founda- 
tion for securing and maintaining world leadership in aeronautics 
for the United States. 

NASA requested $375,000,000 for Aeronautical Research and 
Technology. This amount represents a $1,000,000 decrease from the 
Fiscal Year 1987 Appropriation. Furthermore, in constant 1988 dol- 
lars, it is about $10 million less than the amount actually spent in 
1981. 

The significance of the long-term trend is reflected in a worsen- 
ing international trade picture for aerospace products, the largest 
component of which is civil aircraft and parts. During the 1980’s, a 
serious foreign challenge to US. leadership emerged, resulting in a 
firstever, downward trend in the aerospace balance of trade. Indic- 
ative of this pattern was a four-fold increase in European penetra- 
tion of the large transport market within the United States itself, 
previously a virtual United States monopoly. 

Thus, it is clear the United States must run harder if it wishes to 
remain competitive in the world aviation market, one of the few 
remaining sectors that still produces a net positive balance of 
trade. 

Technology is an essential element of success in aviation, both 
civil and military. Breakthroughs in performance have always been 
the sought-after goal that could change the outcome in air warfare 
situations or commercial competitions. The United States is pre- 
eminent in both areas today largely because unheralded research- 
ers in NASA and DOD laboratories, working with small amounts of 
money, have found those breakthroughs. Revolutionary advances 
such as the area rule for supersonic flight, the tilt rotor and the 
prop fan have profoundly changed aviation. Yet the basic work 
that led to the ideas was achieved a t  very low cost. 

The Committee believes the level of basic aeronautical research 
must be enhanced substantially if the trends in world aviation 
trade are to be reversed. Accordingly, it recommends a $20 million 
augmentation to the Research and Technology Base, to be applied 
to basic research in aerodynamics, propulsion, materials and struc- 
tures, and controls and guidance. Within this amount, $2 million is 



tunnel will become fully operational, supporting many joint pro- 
grams with the DOD and industry, as well as NASA specific re- 
search. 

In the propulsion area, research is providing a fundamental tech- 
nology base for advanced propulsion systems. Emphasis will be 
placed on detailed flow measurements in the large, low-speed cen- 
trifugal compressor facility to verify three-dimensional viscous flow 
codes for turbomachinery and on thin-film sensors for use on pro- 
pulsion components made of high-temperature composite materials, 

codes for supersonic combustion ramjets, variable geometry inlets, 
and propulsion/airframe integration will also be pursued for very 
high-speed flight. 

Materials and structures activities will include fundamental re- 
search in high-temperature materials; advanced design concepts 
and processing technology to exploit the unique properties of com- 
posites; computational methods development for analysis of loads 
and structural response of advanced vehicle configurations and 
engine systems; and structural concepts for hypersonic vehicle ap- 
plications, including methods for active and passive thermal man- 
agement. A focused effort will continue in rotorcraft air loads to 
develop and validate noise and vibration prediction technology. 

In information sciences research, multiple process architectures, 
operating systems, programming languages, and algorithms for 
very high performance applications will be explored. Special em- 
phasis will be placed on fundamental research related to software 
systems that perform with ultra-high reliability in spite of either 
hardware or software faults. 

Controls and guidance research will investigate active controls 
technology for structural weight reduction and control of aeroelas- 
tic response, techniques for dynamic integration of structures and 
controls to optimize performance and identify problems early in 
the design process, and application of artificial intelligence and 
expert systems to achieve advanced cockpit automation. Emphasis 
on analytical modeling and airborne detection of wind shear will 
address technology for safer adverse weather operations. 

Human factors research will pursue technology advances to en- 
hance, the overall capability, safety, and reliability of the crew- 
cockpit system. Emphasis will be placed on flight crew procedure 
monitoring with automated error detection and correction, flight 
validation of rotorcraft workload prediction methods, computer- 
based modeling of crew performance, vision systems requirements 
for automated nap-of-theearth rotorcraft flight, and field studies of 
pilot error in automated aircraft. 

Flight systems research will be directed at  improving safety of 
flight in severe weather conditions. This includes technology for 
safe operation of aircraft and helicopters in icing conditions and for 
design of aircraft better able to survive encounters with severe 
wealher. lrnpruvemenk of aiiiiljiiid and experiiiienta! techniqses 
for high-speed aircraft, including powered-lift aircraft with vertical 
or short takeoff and landing capabilities, will continue. 

In systems analysis, studies will continue toward identifying the 
most promising aircraft concepts for future high-speed civil trans- 
portation. 
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Rotorcraft systems technology activities will include development 
of a comprehensive helicopter data base in loads, vibration, acous- 
tics, and performance to validate predictive methodologies and 
completion of a cooperative research program with the US. rotor- 
craft industry. Active controls and advanced rotorcraft configura- 
tion research, such as tilt rotor and X-wing, will accelerate with 
the promise of dramatic improvements in speed, agiiity , niaiieuvei-- 
ability and productivity for civil and military operations. 

The turbine engine hot section technology program and the ce- 
ramics for turbine engines program will be combined and augment- 
ed to develop a fundamental high-temperature materials technolo- 
gy base for advanced propulsion systems. The principal focus will 
be on ceramics, carboncarbon and metal matrix composite materi- 
als. These advanced materials will enable much higher tempera- 
tures than present turbines and engine hot section components can 
withstand, with prospects for totally eliminating the need for cool- 
ing air-currently a costly penalty to engine performance. This 
technology will allow sustained supersonic cruise, high thrust-to- 
weight engines for advanced vertical takeoff and landing concepts, 
and much higher fuel efficiency. 

High-performance aircraft research will concentrate on the appli- 
cation of integrated propulsion and flight controls to enhance mili- 
tary aircraft mission effectiveness, selection of the most promising 
supersonic vertical takeoff and landing configuration(s) for focused 
technology development, and extended verification of the advanced 
technologies incorporated into the X-29A forward-swept-wing air- 
craft. Detailed design fabrication, aircraft modification, and flight 
qualification testing will continue on the oblique wing technology 
program, leading to flight tests in FY 1989. 

The advanced turboprop program will emphasize increased fun- 
damental understanding of source noise, cabin acoustics, and in- 
stallation aerodynamics encompassing both single- and counter-ro- 
tation propellers. The general aviation and commuter engine re- 
search program will continue to provide the technology base for 
small gas turbine engines to improve fuel consumption through ad- 
vanced high-pressure ratio, mixed-flow component technology and 
innovative cycle concepts. 

The Numerical Aerodynamic Simulation (NASI initial operating 
configuration will be fully operational in the new facility in 1987. 
The second high-speed processor will be integrated into the system, 
and the support subsystem will be upgraded for the extended oper- 
ating configuration, which will be operational in mid-1988. Oper- 
ation support will be combined with NAS development in systems 
technology to increase the efficiency of managing the NAS and to 
enhance its development in an integrated fashion. 

RE~EARCH AND TECHNOLOGY BASE 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

~ Estimated fiscal i Authorization 
war 1987 1 f d  veer 1988 

i i 
Fluid and thermal physics research and tech- i I 

nolo ......................................................................... 1 $39,500,000 1 $29,000,000 
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Controls and guidance research and technolo- 
gy ............................................................................. 

Human factors research and technology .............. 
24,100,000 
24,000,000 

Authorization 
fiscal year 1988 

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

61,000,000 
4 1,000,000 

42,000.000 
26,000,000 

27,600,000 
26,000,000 
26,100,000 
6,500,000 

20,000,000 
305,200,000 272,900,000 

Fluid and Thermal Physics Research and Technology 
The Fluid and Thermal Physics Research and Technology pro- 

gram is a combined analytical and experimental research effort di- 
rected a t  external aerodynamics. One of its principal objectives is 
the development of computational methods, which will increase the 
speed and efficiency of three-dimensional (3-D) flow solvers by two 
orders of magnitude, for the prediction and simulation of complex 
fluid flows over aircraft. A second objective is the validation of pre- 
diction and simulation methods by means of a coordinated experi- 
mental test program with particular focus on accurate 3-D turbu- 
lent models for attached or separated flows. This activity provides 
improved insight into the fundamentals of flow physics, as well as 
the detailed flow measurements required for verification of the 
computations. Drag reduction research is conducted with emphasis 
on developing specific devices and design techniques to reduce over- 
all aircraft drag by up to 60 percent. Rapid progress is being made 
in the development and validation of computational techniques 
that will lead to reduced development time and costs for future air- 
craft and will provide the basis for achieving new and higher levels 
of aircraft and missile performance. 

The goal of computational fluid dynamics (CFD) research is to 
predict and simulate the aerodynamic flow field for complete air- 
craft or missile configurations in any flight condition. To this end, 
the program includes the development of computer codes for simu- 
lating turbulence and for solving complex fluid dynamics problems, 
including steady and unsteady, inviscid, and viscous flow over two- 
and three-dimensional geometries from low subsonic to hypersonic 
speeds. Improved algorithms for Euler and Navier-Stokes codes 
were developed for efficient use of new supercomputer technology 
to make possible early utilization of the advanced capabilities pro- 
vided by the initial operations of the Numerical Aerodynamic Sim- 
ulation (NASI program. Significant progress has been made in the 
application of CFD techniques to complete aerodynamic configura- 
tions. For the first time, viscous flow over an entire aircraft has 
been computed and validated for realistic flight conditions. In addi- 
tion, gas dynamic and chemical kinetic effects have been incorpo- 
rated into computational codes that simulate the viscous, real-gas 
external flows about hypersonic vehicles. 

The advancement and confidence in CFD research relies heavily 
on a detailed understanding of flow physics which provides input 
for more accurate mathematical modeling of the flow. Increased 
effort has, therefore, been devoted to the modeling of turbulence 
and to the validation of CFD codes. 

Detailed benchmark data bases are being acquired to provide the 
flow field and boundary conditions for the validation of computa- 
tional codes. A vortical flow data base was generated from detailed 
low-speed experiments of a delta wing model at high angles of 
attack for CFD code validation. The understanding and control of 
viscous flow phenomena are vital in the development of advanced 
aerodynamic configurations. Significant progress has been made in 
viscous flow research, particularly in the drag reduction area. 
Wind tunnel and flight tests have proven the riblet as an effective 
device for turbulent drag reduction, providing a 6-percent reduction 
in skin friction drag. Also, the large eddy break-up concept has 
been computationally analyzed and redesigned for application to 
transonic flows. Active laminar flow control research on the Jet- 
star aircraft is nearing completion, and results have proven that 
wing flow suction in a small region at the leading edge is effective 
in establishing laminar flow over a large portion of the wing. It 
was demonstrated that severe environmental effects, tested under 
realistic operational conditions, do not adversely affect the drag re- 
duction. Natural laminar flow research flight testing was begun on 
the F-14 aircraft where the effects of sweep and Mach number on 
boundary layer transition will be explored. 

Experimental and analytical aerodynamics research efforts have 
resulted in a number of low- and medium-speed airfoil designs 
being transferred to industry. The National Transonic Facility 
(NTF) was heavily utilized in experimental research and problem- 
solving testing. Extensive tests were conducted on a modified EA- 
6B model in the NTF where low-speed stability and lift were sig- 
nificantly improved. These modifications provided an 18-percent in- 
crease in lift at low speed. Advances in analytical aerodynamics in- 
cluded the development of an accurate thin-layer Navier-Stokes 
method for transonic, high-Reynolds number flows of isolated 
wings. Construction of the fluid mechanics laboratory at  the Ames 
Research Center was completed. This laboratory contains a number 
of small research facilities that are used for fundamental fluid 
physics investigations. Theory and experiments are being closely 
coupled in this environment in turbulence modeling, vortical flow 
studies, high angle-of-attack flows, and for other complex fluid phe- 
nomena. Advances were made in the understanding of vortex- 
thrust and vortex-lift phenomena through testing of wing leading- 
edge extensions and cavity flaps. 

In FY 1988, the CFD program will continue to improve 3-D con- 
figuration analysis and design. This will be accomplished principal- 
ly through the development of numerical algorithms with an order- 
of-magnitude improvement in speed and efficiency over current 
solvers. Particular focus will be given to validating Navier-Stokes 
prediction codes for unsteady rotorcraft aerodynamics and codes in- 
corporating real-gas effects and finite-rate chemistry to predict aer- 
odynamic performance, heat transfer, and enginelexhaust flows for 
hypersonic vehicle concepts. Development of applications codes will 



be broadened to include greater integration of aerodynamics, struc- 
tures, propulsion, and controls. 

Aerodynamic benchmark experiments designed to validate CFD 
techniques and provide data for flow modeling will be conducted. 
Data will be acquired to improve the modeling of complex flows 
that experience separation. vortical motions, and streamwise or 
transverse curvature. 

Viscous flow research in FY 1988 will focus on improving the un- 
derstandjng of the physics of turbulent flows and the dFvy1opment 
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duced aircraft drag. Development of the hologra hic velocimeter 
concept will be pursued as a means of exploring gndamental tur- 
bulence phenomena and gathering turbulence modeling data. The 
modification and extension to supersonic speeds of existing subson- 
ic turbulent skin friction reduction devices will be carried out. An 
analysis technique will be developed for predicting hypersonic 
boundary-layer transition. Methods will be developed for reducing 
induced drag. Research in turbulence control will be performed 
where sensors and logic circuitry will be used in controlling the ad- 
verse effects of turbulence. The F-14 variable-sweep transition 
flight experiment with natural laminar flow wings will be complet- 
ed. The concept of hybrid laminar flow control, where laminar flow 
control and naturai laminar flow techniques are combined, will be 
explored. 

Research in experimental and analytical aerodynamics will focus 
on the analysis of vortical flows. Vortex formation, breakdown, and 
control will be studied in a series of wind tunnel tests. Additional- 
ly, wind tunnel tests of high-alpha leadingedge and trailingedge 
separation phenomena will be conducted to understand the flow 
physics and investigate possible mechanisms for controlling vortex 
formation. A large panel aerodynamics computer code will be en- 
hanced with advanced flow solvers to handle transonic flows. Na- 
tional Transonic Facility correlation model test results will be used 
in calibrating three transonic wind tunnels. Fundamental skin fric- 
tion experiments on laminar flow concepts, leading-edge breakup 
devices (LEBUs) and riblets will be performed in flight a t  subsonic 
and supersonic speeds to build the technology base for drag reduc- 
tion. Boundary-layer transition control on low- and medium-speed 
airfoils will be investigated in wind tunnel tests. 
Applied Aerodynamics Research and Technology 

The objective of Applied Aerodynamics Research is to generate 
advanced technology to improve the performance and flight dy- 
namics of future aircraft and missiles through anal.ytica1 and ex- 
perimental programs. The effort is directed a t  specific technology 
goals associated with each class of vehicle: (1) increased efficiency 
for subsonic aircraft through airframe and propulsion integration, 
greater stall-spin resistance, improved takeoff and landing perform- 
ance u&g puwered iifc, and a %-percent reduction in cruise drag; 
( 2 )  accurate prediction of the aerodynamic sources of rotorcraft 
noise and vibration, and the improvement of rotorcraft perform- 
ance and flight dynamics for doubled productivity and agi!ity; (3) 
high angle-of-attack maneuverability, sustained supersonic per- 
formance, and short takeoff and vertical landing iSTOVL) capabil- 
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be broadened to include greater integration of aerodynamics, struc- 
tures, propulsion, and controls. 

Aerodynamic benchmark experiments designed to validate CFD 
techniques and provide data for flow modeling will be conducted. 
Data will be acquired to improve the modeling of complex flows 
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transverse curvature. 
Viscous flow research in FY 1988 will focus on improving the un- 

derstanding of the physics of turbulent flows and the development 
of techniques and devices to reduce or eiiminate turbuience in- 
duced aircraft drag. Development of the holographic velocimeter 
concept will be pursued as a means of exploring fundamental tur- 
bulence phenomena and gathering turbulence modeling data. The 
modification and extension to supersonic speeds of existing subson- 
ic turbulent skin friction reduction devices will be carried out. An 
analysis technique will be developed for predicting hypersonic 
boundary-layer transition. Methods will be developed for reducing 
induced drag. Research in turbulence control will be performed 
where sensors and logic circuitry will be used in controlling the ad- 
verse effects of turbulence. The F-14 variable-sweep transition 
flight experiment with natural laminar flow wings will be complet- 
ed. The concept of hybrid laminar flow control, where laminar flow 
control and natural laminar flow techniques are combined, will be 
explored. 

Research in experimental and analytical aerodynamics will focus 
on the analysis of vortical flows. Vortex formation, breakdown, and 
control will be studied in a series of wind tunnel tests. Additional- 
ly, wind tunnel tests of high-alpha leading-edge and trailing-edge 
separation phenomena will be conducted to understand the flow 
physics and investigate possible mechanisms for controlling vortex 
formation. A large panel aerodynamics computer code will be en- 
hanced with advanced flow solvers to handle transonic flows. Na- 
tional Transonic Facility correlation model test results will be used 
in calibrating three transonic wind tunnels. Fundamental skin fric- 
tion experiments on laminar flow concepts, leading-edge breakup 
devices (LEBUs) and riblets will be performed in flight at subsonic 
and supersonic speeds to build the technology base for drag reduc- 
tion. Boundary-layer transition control on low- and medium-speed 
airfoils will be investigated in wind tunnel tests. 
Applied Aerodynamics Research and Technology 

The objective of Applied Aerodynamics Research is to generate 
advanced technology to improve the performance and flight dy- 
namics of future aircraft and missiles through analytical and ex- 
perimental programs. The effort is directed a t  specific technology 
goals associated with each class of vehicle: (1) increased efficiency 
for subsonic aircraft through airframe and propulsion integration, 
greater stall-spin resistance, improved takeoff and landing perform- 
ance using powered lift, and a 60-percent reduction in cruise drag; 
( 2 )  accurate prediction of the aerodynamic sources of rotorcraft 
noise and vibration, and the improvement of rotorcraft perform- ----- i n ~ o  ---- and fliuht --e--- dyfiiFAics fer &&!ed productivity s ~ d  igi!ity; (3) 
high angle-of-attack maneuverability, sustained supersonic per- 
formance. and short takeoff and vertical landing ISTOVL,~ cnpabil- 
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operation. For supersonic cruise, new nonlinear approaches to lam- 
inar flow and airfoil shapes are being developed to double cruise 
efficiency. In high angleof-attack research, active and passive con- 
trol of vortex flow has shown promise for improving the control 
problems associated with this maneuver condition. In addition, the 
use of multiaxis thrust vectoring is being explored after successful 
freeflight tests in the 30x60-foot wind tunnel. These fundamental 
efforts are developing the research base for flight experiments to 
be conducted under the systems technology element for high-per- 
formance flight research. In the supersonic fighter STOVL pro- 
gram, an e'ector lift-vectored thrust fighter model is being con- 
structed in iarge scale by Canada for testing by NASA in a cooper- 
ative program. In addition, in-house studies of other supersonic 
STOVL concepts are underway to support an early decision to 
choose the most attractive approach. 

Activities in hypersonics were expanded in N 1987 in both the 
experimental and theoretical areas. Experimental wind tunnel 
tests were conducted on advanced aerospace configurations that 
show promise for atmospheric cruise flight applications and air- 
breathing accelerator launch vehicles. The application of computa- 
tional fluid dynamics to the simulation and analysis of complex 
flow fields was carried out using a newly developed computer code 
which simulates viscous hypersonic flows about realistic configura- 
tions. 

Research leading to new testing capability and techniques contin- 
ues to be pursued to support aerodynamics research. The National 
Transonic Facility is continuing to demonstrate capability for cryo- 
genic wind tunnel testing in order to simulate full-scale conditions 
with independent control of compressibility, viscosity, and aeroelas- 
ticit parameters. Models tested to date include the Space Shuttle, 
the EA-GB for the Navy, and the Pathfinder I, a generic transport 
with interchangeable components. Nonintrusive measurement de- 
vices, such as laser anemometers which provide large payoffs in ac- 
curacy and productivity, will continue to be improved. 

In aeroacoustics research, model tests which quantify the effects 
of the acoustic fatigue loads on the aft end of high-performance 
fighters have been completed. Flight tests of twin-plume resonance 
are underway to confirm these loads and investigate a method of 
detuning the jets to reduce acoustic fatigue. 

In FY 1988 subsonic aerodynamics research will develop technol- 
ogy to reduce induced drag and minimize interference drag. High 
lift systems that are applicable to advanced, low-drag, natural lam- 
inar flow wings will be designed. The benefits and limitations of 
unconventional confi rations using forward sweep and canards 
will be demonstrated wind tunnel testing. 

Activities in rotorcraft aerodynamics research will include an in- 
tensive schedule of largescale tests in the 40x80-foot wind tunnel, 
focusing on the aerod namic phenomena that cause noise, vibra- 
tion, loads, v d  unstatle rotor dynamics behavior. A bearingless 
main rotor will be tested to define high-speed dynamic stability and 
loads for this advanced configuration. A simplified method of 
higher harmonic control for vibration reduction will be tested on a 
full-scale rotor. The aerodynamic interference between a main 
rotor, fuselage, and a tail rotor will be investigated in another test. 

Each of these tests seeks to validate a portion of an analysis code 
that predicts the aerodynamic behavior involved. Small-scale tests 
will also be conducted to understand the strong influences of the 
rotor wake on airloads prediction. In flight dynamics research, a 
new activity will be started in cooperation with the US. Army's d e  
velopment of a variable-stability research helicopter. This new re- 
search tool will have higher harmonic pitch control, a flexible re- 
search control system, and a highly maneuverable rotor system. 
Such capabilities are key to understanding the potential for ad- 
vanced control on highly maneuverable combat rotorcraft. 

High-performance aerodynamic research in sustained supersonic 
cruise will translate the improvements predicted in airfoil and lam- 
inar flow into carefully constructed wind tunnel experiments. High 
angle-of-attack research will investigate stability and control at 
angles up to 80 degrees to support the planned flight research on 
the F-18 vehicle and will provide the aerodynamic data base neces- 
sary for piloted simulations of maneuvers using thrust vectoring 
for control. In powered-lift technology, the largescale fighter model 
of an ejector lift/vectored thrust model will be tested in the 40x80- 
foot wind tunnel in a cooperative effort with Canada. Several stud- 
ies and tests on critical technology areas, such as sustained super- 
sonic cruise and groundeffect penalties in hover, will be undertak- 
en in support of the U.S./United Kingdom program in supersonic 
STOVL. Simulation of the proposed STOVL concepts will deter- 
mine required levels of control power and flying qualities criteria. 

In the area of test techniques and instrumentation, development 
of advanced cryogenic instrumentation with emphasis on accurate 
boundary layer diagnostics, sensing of model attitude and structur- 
al deformation, and the development of an ultra-high force balance 
will continue in the National Transonic Facility. In other test tech- 
niques activity, the laser holography visualization effort will focus 
on measurement of turbulence quantities in order to provide de- 
tailed data bases to support turbulence modeling and CFD valida- 
tion efforts. Adaptive walls will become operational in the Langley 
Research Center 0.3-meter and the Ames Research Center 2-foot 
wind tunnels. Fluorescent techniques will be developed for simulta- 
neously sensing temperature, velocity, density, and skin friction pa- 
rameters. The recently developed liquid crystal coatings for bound- 
ary layer research will be extended to supersonic and hypersonic 
flows. 

Additional emphasis will be placed on modernizing and improv- 
ing the test efficiency of NASA's major wind tunnels to meet in- 
creasing research and development demand. Specific focus will be 
on test instrumentation and data acquisition systems to increase 
the productivity of national wind tunnels. Additional investments 
will be made in maintenance and operations to assure reliability 
and availability of these national resources for major development 
pro ams. 

Tre  FY 1988 aeroacoustics research will focus on the develop 
ment of three-dimensional flow prediction of near-field acoustics in 
the tip region of supersonic propellers. 

Hypersonic cruise/transatmospheric concepts will be designed, 
tested, and analyzed to establish a data base for this evolving aero- 
space vehicle class. Wind tunnel models will be constructed and 
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tested over a wide speed range (through hypersonic Mach numbers) 
to simulated high altitudes over a range of Reynolds numbers a t  
the Langley Research Center. The computational fluid dynamics 
program at the Ames Research Center will be expanded to include 
real-gas effects and the effects of flow-field separation on realisti- 
cally complex aerodynamic shapes. 
Propulsion and Power Research and Technology 

The objective of the Propulsion and Power Research and Tech- 
nology program is to provide the understanding of the governing 

levels that will support and stimulate future improvements in pro- 
pulsion system performance capability, efficiency; reliability, and 
diirability. Research is being performcd on a wide variety of sub- 
systems with applications ranging from the general aviation class 
through the hypersonic aerospace plane. Ongoing disciplinary re- 
search on instrumentation, controls, internal fluid mechanics, and 
aerothermodynamic concepts is providing the foundation necessary 
for continued advancements of the component and subsystem level 
These research efforts will lead to major propulsion system im- 
provements for all types of aircraft. 

Hypersonic propulsion research has as its objective the maturing 
of supersonic combustion technology and the study and develop- 
ment of propuision concepts for high-speed cruise in the Mach 
number range of 3 to 6. A Mach 5 inlet has been designed using 
two-dimensional codes and was tested at  small scale using flow vis- 
ualization to obtain qualitative information and attractive instru- 
mentation placements subsequent to large-scale experiments. The 
flow was found to be highly three-dimensional, showing that two- 
dimensional codes will be inadequate for design of high-speed 
inlets. Analytical development includes a time-dependent, three-di- 
mensional, fully elliptical Navier-Stokes code to analyze complex 
flow fields and subsequently serve as a design tool. 

For high-performance applications, the goal is to develop technol- 
ogy to support propulsion systems capable of vertical takeoff and 
landing using powered lift and in-flight thrust vectoring capability. 
Fabrication of the powered-lift test rig has been completed at  the 
Lewis Research Center. In 1987, the rig will be used for evaluation 
of the U.S./Canadian ejector concept to obtain system performance 
and loss data. Fabrication of the hot gas ingestion model will be 
completed in 1987, and testing will begin in the low-speed 9xl5-foot 
wind tunnel a t  the Lewis Research Center to determine the extent 
and effect of hot gas ingestion into the inlet during powered-lift o p  
erations. These results will be used to verify hot gas injection com- 
puter codes that are currently under development. 

The objective of small engine research is to achieve a fuel con- 
sumption reduction of 50 percent and multifuel capability for inter- 
mittent combustion engines. Research emphasis for stratified- 
charge rotary engines, offering possible multifuel capability, in- 
cludes improved understanding of the physics that wiii enabie ac- 
curate prediction of advanced engine performance and operating 
boundaries. The computer modeling of rotary engine flow fields has 
k e n  corr?p!eted dong with the fzhricition of a rig to perform de- 
tailed flow measurements. At Deere and Company, a 40-cubic-inch 

physicai phenoniena ai iiia LiiaCipliiicii j ,  coiiipoiieiit, aid siibsgstem 

single-rotor engine obtained 160 horsepower, the highest power 
density ever attained in a rotary engine. In 1987, new fuel injection 
schemes and advanced rotors are being investigated for improved 
fuel consumption. For small gas turbines, a large, low-speed centrif- 
ugal compressor facility is currently scheduled for completion and 
initiation of research in FY 1987. The facility will be used to inves- 
tigate boundary layers and secondary flows and verify advanced 
three-dimensional viscous flow codes for turbomachinery. 

In supersonic cruise, the objective is to develop technology for 
lightweight, efficient propulsion concepts for swpersonic cruise con- 

verification of the supersonic throughflow fan. This system offers 
the potential of 20-percent fuel savings compared to an advanced 
variable-cycle engine fer a long-range supersonic transport-type air- 
craft. The design of a proof-of-concept fan stage and rig is nearing 
completion using advanced three-dimensional Euler and Navier- 
Stokes codes. In 1987, the rig will be fabricated and checked out in 
preparation for test of the supersonic throughflow fan. 

Instrumentation and control research is aimed a t  developing ad- 
vanced high-temperature sensors and optical nonintrusive meas- 
urement systems for research applications and engine sensors and 
controls for future propulsion systems. The first optical instrumen- 
tation system, that allows nonintrusive flow measurement of all 
three velocity components through a single viewing port, has been 
used to map a turbine stator cascade to develop verfication data for 
secondary flows. Bench tests have started on an advanced anemom- 
eter that has the capability of measuring detailed flow characteris- 
tics very near fixed surfaces. In support of high-temperature elec- 
tronics development, a silicon carbidebased diode was demonstrat- 
ed at  3OO0C, and the final major step in device fabrication capabil- 
ity was completed by demonstrating plasma etching. Studies are 
underway to eliminate the occurrence of antiphase boundaries, dis- 
covered during the past year, during production of silicon carbide 
crystals. Unchecked, this could degrade the performance of devices 
fabricated from the crystals. In FY 1987, the performance of a con- 
trol sensor failure accommodation control on an F-100 engine will 
be demonstrated at the Lewis Research Center over the flight enve  
lope. 

Internal computational fluid mechanics (ICFM) is a n  increasingly 
important tool for understanding flow phenomena and as a basis 
for design capability in aeropropulsion systems. The objective is to 
develop advanced algorithms and methods for analysis of complex 
three-dimensional flows in high-speed inlets and nozzles, turboma- 
chinery, and chemically reacting flows and to validate the analyti- 
cal techniques with fundamental benchmark experiments. A quasi 
three-dimensional Navier-Stokes code has been developed for turbo- 
machinery, and a full three-dimensional code will be operational in 
1987. The potential to describe the flows in more than one stage of 
turbomachinery was recently demonstfated with a new multjstage 
c d e  which rediices coiiipiitel time slgiiificaiitlj. An experlrrlerli 
was performed using laser diagnostics to develop a unique data set 
describing the structure of a normal shock interacting with a 
boundary layer and the flow field downstream of the shock. This 
flow field is typical of those found in high-speed inlets and transon- 

ditions. Ec~ca ich  i~ being ~ G C U S C ~  on the ~ii~!g;;~ and expeiiiiieii'G: 
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ic turbomachinery. The data set is currently being used to verify 
two- and three-dimensional Navier-Stokes analysis codes. 

Hypersonic propulsion activities will continue with development 
of the analytical and experimental data base for supersonic com- 
bustion and Mach 3 to 6 high-speed cruise systems. Code develop 
ment will continue for the complex flow fields in scramjet combus- 
tors, variable geometry inlets, and high-speed propulsion and air- 
frame integration. Algorithms for high-speed flows (up to Mach 20) 
that reduce required computer time will be extended to three-di- 
mensional capability and to include chemical heat release. Experi- 
mental efforts will include the evaluation of a scramjet module 
that reduces stresses in the walls of the combustor by transitioning 
from a two-dimensional inlet to an axisymmetric combustor. In ad- 
dition, the Mach 5 two-dimensional inlet test will be completed at 
the Lewis Research Center in the 10x10-foot supersonic wind 
tunnel which will be used to verify advance three-dimensional 
Navier-Stokes codes that will be capable of analysis of practical 
high-speed inlets. 

High-performance aircraft will include an evaluation of a com- 
plete simulation of a supersonic advanced short takeoff and verti- 
cal landing aircraft and propulsion system. A General Dynamics E- 
7 ejector system test on the power-lift rig will be completed to de- 
termine the detailed pressure drop and flow distribution on a r e p  
resentative configuration. Short diffuser inlets will be evaluated to 
determine potential performance at  high angle-of-attack operation 
for supermaneuvering capability. 

Supersonic cruise research will continue to focus on the super- 
sonic throughflow fan concept. The tests will be completed on the 
inlet and diffuser portions of the test rig and compared to analyti- 
cal predictions to help verify the codes being used for the design of 
supersonic inlets and ducts. The fan will be fabricated and tests ini- 
tiated by the conclusion of 1988. The results of the fan experiments 
will be used to verify three-dimensional viscous analysis codes and 
help guide the development of offdesign analysis codes. Systems 
studies will be conducted to determine critical technologies re- 
quired for a propulsion system that incorporates a supersonic 
throughflow fan for various high-speed applications. 

Small engine research includes rotary engines and increased em- 
phasis on gas turbines. Laser anemometer flow measurements will 
be used to verify a generalized multidimensional rotary engine 
computer program that will be used to design the aerodynamic 
shape of a lightweight rotor for incorporation into the experimen- 
tal program at  Deere and Company. Gas turbine research efforts 
will concentrate on developing an experimental data base using the 
large low-speed centrifugal rig completed in 1987. The rig will 
allow detailed measurements using laser anemometers of boundary 
layers developed on the rotor, secondary flows, and separated flow 
regions in both the rotor and diffuser, and the effect of tip clear- 
ance on the flow structure in the compressor. 

Advanced instrumentation and controls research will continue to 
focus on nonintrusive measurement and high-temperature structur- 
al phenomena for code verification and optical sensors and actu- 
ators for propulsion systems application. The four-spot laser ane- 
mometer will measure near-wall boundary-layer flow in a warm 

turbine facility to verify advanced codes. A second nonintrusive op- 
tical flow measurement system, an electronic heterodyne holo- 
graphic interferometer, will be used to define flow structure in 
highly accelerating regions, such as shocks in a transonic cascade. 
High-temperature applications will include the demonstration of a 
thin-film heat flux sensor and characterization of a silicon carbide- 
based metal-oxide semiconductor field effect transistor a t  400°C. 
Preliminary designs of functional fiber optic sensor and actuator 
systems will be completed for an integrated propulsion/flight con- 
trol system. 

Research emphasis in internal computational fluid mechanics 
will continue on advance prediction capabilities for high-speed pro- 
pulsion. For both existing codes and new codes under development, 
predictions of the aerodynamic flow field will be combined with re- 
acting flow, combustion, and heat transfer to yield the capability of 
describing the total process taking place within a propulsion 
system. An advanced algorithm for simulating shocks in high-speed 
flows will be tested in threedimensional Navier-Stokes code. An 
advanced three-dimensional Navier-Stokes testbed solver will be 
completed with the capability for replacing algorithms without re- 
structuring the code. Analytical and experimental efforts will con- 
tinue on unsteady flows with shear layers to investigate the effect 
of shear layer excitation on mixing control in highspeed combus- 
tion systems. A multistage turbomachinery code will be improved 
to include viscous effects and fundamental experiments will begin 
for data required to enable use of the average-passage approach 
necessary to model the real turbomachinery case where the flow is 
not averaged. 
Materials and Structures Research and Technology 

The objectives of the Materials and Structures Research and 
Techno!ogy program are to: (1) investigate and characterize ad- 
vanced metallic, ceramic, polymer, and composite materials; (2) de- 
velop novel structural concepts and design methods to exploit the 
use of advanced materials in aircraft; (3) advance analytical and 
experimental methods for determining the behavior of aircraft 
structures in flight and ground environments; and (4) generate a 
research data base to promote improvements in performance, 
safety, durability, weight reduction, and economy in aircraft. Areas 
of emphasis include high-temperature engine and airframe materi- 
als and structural concepts; composite materials application; life 
prediction; thermal and dynamic response, including aeroelasticity; 
helicopter structural dynamics and airloads; and more accurate 
and efficient integrated design optimization methods for airframes 
and engines. 

Research in turbine engine materials continues to create a 
strong technology base for ceramic materials applications at nigher 
temperatures with increased reliability and reproducibility. A new 
ceramic design code that accounts for the brittle material behavior 
has been successfully developed and transferred to industry. Im- 
provement of ceramic material strength at high temperature has 
been successfully accomplished with a new sintering process using 
silicon nitride. The development of ceramic composites is expected 
to provide a material system that is of sufficient strength and dura- 
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bility to have a wide range of design applications in advanced tur- 
bine engines. 

In aircraft materials research, studies are being conducted in ad- 
vanced materials systems for very lightweight and very high tem- 
perature applications to understand mechanisms of damage, the ___-_-__-_ 1-1 - r r - - ~  -- __-_-_ &;-- -r ;L- --A;- 
OIIIIIVIIIIIC:I.LQI TIICLM VI1 L L I C  pupC,*,ca "A cu,,,p"J,"c", L I I C  p'"u'L- 
tion of microstructure, and the bulk properties of materials. Signif- 
icant advances have been made in understanding alloy chemistry 
and secondary processing of advanced fiber-reinforced aluminum 
alloy; strong, high-temperature, siliconcarbide fiber-reinforced in- 
termetallics for aircraft propulsion systems; and a new process for 
three-dimensional, woven, thermoplastic composites for airframe 
structures. 

Computational structural mechanics (CSM), a major thrust in FY 
1987, continues to focus on the development of advanced structural 
analysis and computational methods that exploit advances in com- 
puter hardware and software, such as multiple processors and par- 
allei processing capability. A CSM software testbed concept has 
been developed to accelerate the development and evaluation of 
new computational methods and computer systems utilization. 
CSM analysis methods have already made important contributions 
to the understanding and improvement of the Shuttle solid-rocket 
motor clevisltang joint design. 

Research in aircraft structures emphasizes the development of 
design and analysis technology for efficient damage-tolerant ad- 
vanced composite structural components and innovative structural 
concepts. Thermomechanical structural analysis has been devel- 
oped for high-temperature complex engine structures. Methodology 
for solving interdisciplinary design problems, including design opti- 
mization, is continuing. The prediction of structural loads due to 
intense acoustic radiation in advanced turboprop applications is 
being pursued. Significant accomplishments made in 1987 include 
the development of advanced geodesic composite panel design con- 
cepts with filament-wound isogrid panel construction, proven con- 
struction and fabrication technique of a half-scale fuel strut for a 
scramjet engine concept, and validated three-dimensional stress 
analysis of cracked structures which allowed improved redesign of 
the blades of large wind tunnel drive fans. 

In the aeroelasticity program, new and more efficient unsteady 
aerodynamic computational methods, with emphasis on transonic 
flow, are being developed and verified with experiments. A compre- 
hensive transonic unsteady aerodynamic and aeroelastic analysis 
code has been transferred to industry and the Air Force for appli- 
cation. A new concept for an actively controlled flexible wing has 
been successfully tested in the transonic dynamics tunnel, and this 
concept represents a breakthrough for future advanced high-speed 
aircraft design to alleviate maneuver loads with improved roll 
rates. Aeroelastic analysis performed on the X-wine aircraft re- 
vealed new design aspects which will improve the operational aer- 
oelastic stability. 

In rotorcraft research, an augmented effort starting in 1987 is f e  

through wind tunnel and shake tests. Initial airload data will be 
acquired with the UH-60 helicopter in flight. Whirl testing and 

cused on rneasuirnig airid understaiidiiig the detailed iotoi  airloads 

flight tests of the Boeing Model 360 will extend the airload and 
structural dynamic data bas? to airspccds beyond 180 knots. A new 
test apparatus is being constructed for the 40x80-foot wind tunnel 
to test both of these rotors to culn9are with the flight test results. 
A better definition of difficult-to-model fuselage components is 
being ixrsued tc 3VercGmc thc !nrgc prcdictic:: crrors fGi airframe 
vibratory response. 

Hypersonic research continues to explore innovative new materi- 
als and structures concepts for airframe and propulsion systems for 
advanced aerospace vehicies. in  both areas, studies are directed 
toward the development of new lightweight material systems and 
structural concepts that wi!l withstand the extreme high tempera- 
iiire and loads encountered in the hypersonic flight regime. An in- 
tegrated flow/thermal/structural analysis methodology has been 
developed and verified with experimental results. Current research 
in hypersonic materials has established the feasibility for three-di- 
mensional woven carbon-carbon fiber-stiffened structure and an arc 
spray processing techrique for ad;.anced. metal matrix fabrication. 
A new vehicle sizing methodology has been deve!oped for vehicle 
weight assessment and optimized for both structural loads and fail- 
ure criteria. 

Research on materials wili concentrate on advancing the under- 
standing of material behavior, properties, microstructures, and 
processing parameters for advanced metallic, ceramic, polymer, 
and composite materials. Strong emphasis will be placed on ad- 
vanced high-temperature metallic and nonmetallic materials. New 
and tougher resinlfiber composites, high-temperature polyimides 
(700"F), aluminides, and aluminide matrix-silicon carbide compos- 
ites will be developed. Work on powder metallurgy and weldable 
superplastic forming techniques for aluminum will continue with 
greater emphasis. Fundamental material behavior and processing 
techniques for brittle materials will be pursued. Generalized, mul- 
tiaxial constitutive models for composites will be developed for pre- 
diction of environmental effects, cyclic damage, and rate depend- 
ence. 

In the structures area, emphasis will be placed on development 
of innovative structural concepts for composites using advanced 
filament winding and pultrusion, as well as design concepts using 
high-temperature brittle materials. Analytical and experimental 
studies will continue to develop advanced structural concepts and 
configurations that exploit the advantages of composites. Structur- 
al analysis will concentrate on nonlinear methods for predicting 
the structural response under complex thermomechanical load his- 
tories. Synthesis and optimization methodology will be used to 
obtain high-performance aircraft structures. Efforts in structural 
response under acoustic loads will continue. Facilities for high-tem- 
perature structural fatigue will be deveioped to increase the experi- 
mental capabilities in fatigue/failure assessment on advanced 
structural materials. 

The dynamics and neroelasticitg program will emphasize the de- 
velopment of improved analytical tools for predicting unsteady aer- 
dyr?irr?ic !cndc fer trznsenic flew ::.it!: particu!nr emphns:s o:: 
threedimensional flow for the total vehicle configuration. Innova- 
tive flutter suppressio3 rowarch will be pursued together with the 
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development of novel flight deflection measurement techniques, 
such as electro-optical sensor systems. New aeroelasticity concepts, 
such as the flexible actively controlled wing developed in FY 1987, 
will be refined through systematic wind tunnel tests, and data will 
be correlated with analysis. 

In the area of integrated analysis and design optimization, efforts 
will concentrate on the development of efficient methods in CSM 
for the analysis of complex aerospace vehicles and propulsion sys- 
tems. Emphasis will be placed on nonlinear analysis of high-tem- 
perature engine structures and nonlinear transient dynamics of 
multibody problems and rotating shafts. Large displacement proce- 
dures will be developed for analyzing stiffened composite panels re- 
quired for composite airframe design. CSM analysis methods devel- 
opment will continue in the areas of concurrent computing meth- 
ods with multiple and parallel processor computers and efforts in 
software testbed development will be expanded. Research will also 
be initiated to exploit the Cray 2 supercomputer of the numerical 
aerodynamic simulator for CSM research applications. 

Research in subsonic transports, commuter airplanes, and gener- 
al aviation aircraft will be focused on safety issues for ground oper- 
ation and crash load alleviation. Structural and dynamic analysis 
will be conducted to understand ground handling problems, includ- 
ing friction and rolling effects on tires. Work will continue on the 
development of airframe subfloors using the energy absorbing com- 
posite structural concepts. Advanced tire testing activities will uti- 
lize the aircraft landing dynamics facility recently modified to 
obtain 220-knot test speed capability. 

The rotorcraft activity will continue to concentrate on the de- 
tailed airloads and airframe structural dynamics. The large rotor 
test rig for the 40x80-foot wind tunnel will be completed and ready 
for use to test the UH-60 and Boeing Model 360 rotors planned in 
FY 1989. A model 360 helicopter with extensively instrumented 
rotor blades will begin flight testing to augment the data base o b  
tained with wind tunnel and shake tests. Effective approaches for 
active vibration suppression, as well as structural detuning, will be 
studied. The fuselage vibration analysis will be extended to include 
rotorlfuselage coupled vibration. 

In FY 1988, more emphasis will be directed toward hypersonic 
materials and structures research. Innovative concepts to enable 
future high-speed, high-temperature aerospace vehicles will contin- 
ue to be developed. Integrated flow/thermal/structural analysis 
methods will be used for accurate mission loads prediction to aid 
the development of lightweight, efficient, and durable design of air- 
frame and propulsion systems. New concepts and methodology for 
controlling the aeroservoelastic behavior a t  hypersonic speeds will 
be pursued. Actively cooled primary structural concepts will be in- 
vestigated. Hypersonic materials research will be focused on 
carboncarbon control surfaces; constitutive behavior and charac- 
terization of high-temperature, lightweight composites; fabrication 
of intermetallic composites with low density matrices; and oxida- 
tion-resistant and thermal barrier coatings. 

Information Sciences Research and Technology 
The objectives of the Information Sciences Research and Technol- 

ogy program are to increase NASA’s capabilities in advanced aero- 
space computing and to exploit key computer science disciplines to 
meet the agency’s unique computing requirements. Support for 
computational fluid dynamics (CFD) and other aerospace research 
disciplines is provided by developing a fundamental understanding 
of the relationships between essential algorithms and advanced ar- 
chitecture and exploiting the potential of concurrent processing to 
significantly increase computing power. Software engineering to 
support aerospace research includes research and development of 
concepts for advanced operating systems, programming languages, 
and user interfaces for distributed and parallel architectures. An- 
other key objective is to establish the technology base for costeffec- 
tive, reliable computing in complex, missioncritical hardware and 
software systems. 

Significant progress toward enabling efficient computation of 
aerosoace algorithms was made in the last year. The most fruitful 
apprdach h& been to ensure that computer architectures and the 
computational algorithms are well matched. It was demonstrated 
that multiple instruction/multiple data stream architectures with 
common (shared) memory, such as the Cray XMP and Cray 2, can 
efficiently process CFD algorithms. By use of an approximate fac- 
torization, three-dimensional flow problems were split into separate 
one-dimensional problems which ran on independent processors, 
with the three-dimensional grid data accessible through common 
memory. 

The usual mapping of data to the hypercube architecture for per- 
forming fast Fourier transforms is not efficient when performing 
nearest neighbor mesh computations on the same data. Since these 
computations are used together in many CFD algorithms, it is im- 
portant to use a mapping which is good for both. This year, a code 
mapping which shows promise in greatly increasing the efficiency 
of CFD calculations on the hypercube is being investigated. Other 
algorithms currently being investigated on the hypercube architec- 
ture include multigrid Navier-Stokes solvers. 

A special purpose architecture for solving Navier-Stokes proces- 
sor, has been designed and a prototype was built this year. The 
high performance of this system has been achieved in a very cost- 
effective design which will enable supercomputing capability for 
NASA flow codes without use of expensive general purpose super- 
computers. 

Research on the implementation and applicaticn of sparse dis- 
tributed memory (SDM) was initiated this year. It is theoretically 
capable of learning to recognize similar events and conditions by 
experience and training without the need for programming by soft- 
ware. Simulations are undprway to verify essential capabilities of 
SDM. Intelligent systems based on SDM might include avionics 
that are able to effectively manage unanticipated events which, in 
turn, would increase the reliability of highly automated aerospace 
vehicles. 

There have been significant research results this year which sup- 
port NASA’s goal of establishing a technology base for reliable, 
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fault-tolerant computer system in mission-critical applications. A 
reconfigurable concurrent architecture has been defined which pro- 
vides significantly higher reliability with less redundancy than pre- 
vious approaches. This kind of architectural research will ultimate- 
ly enable flight-crucial computer systems to automatically reconfi- 
gure in order to maintain adequate peifoimance and to degade 
gracefully upon further failure. 

hzs 
A high-speed mainframe computer networking subsystem (CNS) 

opwation to help NASA achieve its goal of improving 
the effktiveness and productivity of large mainframe compute1 6 
which are essential for aeronautic research and technology pro- 
grams Using the program support communications network 
(PSCN), the CNS has achieved a transmission rate of 1.544 million 
bits per second. The network enables efficient transmission of large 
data and program files between NASA's geographically distributed 
research cent&. 

Research in matching computer architectures and algorithms 
will continue to serve NASA's needs for efficient processing of 
aerospace algorithms. Investigations of the most advanced super- 
computers, such as the Cray 2, and their use for computational 
fluid dynamics research and similar problems will continue. In ad- 
dition, more ccmprehensive approaches may be established in coop 
eration with the Defense Advanced Research Projects Agency 
(DARPA) and the National Science Foundation (NSF). One ap- 
proach under consideration is the formation of a center for ad- 
vanced architectures which could bring together application scien- 
tists, computer architects, and software specialists to study the util- 
ity of specific architectures for specific algorithms. This center 
would allow sharing of advanced computers and research results. 

A hardware prototype of sparse distributed memory (SDM) will 
be built. This will be used to conduct application studies to test the 
theory with real pattern recognition problems. A study wlll be con- 
ducted to determine the feasibility of a modified SDM for perform- 
ing simulations of dynamic gases a t  far greater resolution than cur- 
rently possible. 

In the area of redundant software, studies will quantify the reli- 
ability gained as a function of redundancy and will develop strate- 
gies for reducing errors. The cost and reliability of very large aero- 
space software projects will hinge on intergrated, comprehensive, 
and automated software management tools. For this reason, in- 
creasing emphasis will be placed on software support environ- 
ments. This work will concentrate on management of the software 
life cycle. 

NASA is working with other federal agencies to identify the 
issues and devise a plan for interconnecting the NASA PSCN and 
other research-oriented networks, including those from the NSF, 
DARPA, National Academy of Sciences, and the Department of 
~ I I C ~ ~ ~ .  This -::I!! egtab!ish P ronslstent mechanism to allow shar- 
ing of both computing and network resources. 
Controls and Guidance Research and Technology 

The objectives of the Conirois aid  Giidance Research and Tech- 
nology program are to: (1) investigate emergmg controls, guidance, 
artificial intelligence, and display technologies w h ~ h  offer automa- 

n- ̂__. 

tion/system integration for aviation effectiveness and efficiency; (2) 
develop architectures for flightcrucial systems for future aircraft 
and devise analytical methods and techniques for assessing their 
reliability and performance; (3) develop methods to alleviate the 
threat of wind shear and heavy rain through airborne detection 
and avcidance; (4) deve!op contmls and guidance theories and anal- 
ysis methods for extending the performance envelope and reliabil- 
ity of highly augmented future aircraft; and (5)  explore new con- 
cepts for achieving integration of multidisciplinary technologies. 

Controi theory research inciudes aciiviiiea UII miaiyiicai iiietii- 
ods, controls modeling, and applications. Methods for analyzing and 
simulating reconfigurablehestructurable control systems continue 
LO be a major focus with the objective of achieving automatic fail- 
ure detection and identification in order to accommodate unantici- 
pated failures in real time. A control law was developed for damp 
ing shock-induced flutter. A new research thrust is the develop 
ment of the theory for closed-loop control by symbolic processing to 
aiiow the use of high-level mission goals for effective and safe 
flight management and control. 

Guidance and display concepts research is directed toward ena- 
bling flight and ground systems tolerant of human error. In the 
guidance concepts area. progress has been made in formulating a p  
proaches to utilize and apply artificial intelligence and expert sys- 
tems technology in various aircraft applications. For military air- 
planes, the main thrust involves flight evaluations of automated 
wingman and advanced lead-pilot advisor concepts; for civil air- 
craft, the main emphasis is on the air traffc controller associate. A 
controller descent advisor and expert system schedule advisor have 
been demonstrated in air traffic control simulations. A technique 
for high-resolution stereo displays in 3-D has been demonstrated. A 
new approach for increasing thin-film electroluminescent display 
brightness by an order of magnitude has been conceived and will 
be evaluated in prototype hardware. 

Flight-crucial systems research has concentrated on the develop 
ment of a technology base for the design, validation, and assess- 
ment of highly reliable guidance and control systems. The avionics 
integration research laboratory facility at the Langley Research 
Center is the focus for a significant part of this research, which has 
extensive industry and university involvement. Activities in fault 
injection, computer synchronization, and software reliability have 
been completed to validate reliability estimation computer pro- 
grams. Three reliability prediction computer codes have been effec- 
tively transferred to industry. 

Controls and guidance research directly applicable to subsonic 
transports includes activities on advanced transport operating sys- 
tems, airborne Doppler radar wind-shear detection, advanced digi- 
tial control systems architectures, and flight safety. The joint 

gram was initiated in 1986. A takeoff and landing monitor was d e  
veloped and successfully evaluated by over 30 pilots. The monitor 
provides pilots with an integrated display of aircraft state during 
takeoff/landing, including safety warnings and indications of o p  
tional stopping positions on the runway. 

XASAiFederai Aviaiivu AdiiiiiiktiAiijfi aiibiji-iie iviiic! shear px-  
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Rotorcraft guidance and controls research involves unique con- 
cepts to enable automated napof-theearth (NOE) flight. Flight 
tests were completed on a highly portable lowcost beacon landing 
system. It shows great promise for use in a battle-damaged airfield 
misson scenario for both fixed-wing and rotorcraft application. A 
real-time terrain-following and terrain-avoidance trajectory coupler 
was developed for low-altitude rotorcraft flight. 

Controls and guidance research directly applicable to high-per- 
formance aircraft includes the integrated airframe and propulsion 
control system architecture program aimed a t  the development of 
validation methodology for complex integrated control system and 
the integration of aerodynamic, structural, propulsive, and control 
system dynamics. A comprehensive set of control system design 
metrics has been selected based upon analytical studies of nonlin- 
ear aerodynamics and flexible aircraft models. These metrics are 
being evaluated in piloted real-time simulations. 

Hypersonic vehicle controls and guidance research is directed 
toward guidance and outer-loop control concepts which can signifi- 
cantly affect the performance and efficiency of hypersonic cruise 
vehicles operating at very high altitudes. Conventional guidance 
and control techniques may not be optimum in the upper atmos- 
pheric environment a t  which these vehicles will operate, and new 
considerations, such as extremely high-temperatures, may dictate 
completely new primary guidance and control modes. Initial stud- 
ies are  underway for evaluating active controls concepts for future 
aerospace vehicle concepts. 

In the applied aircraft control theory area, a key goal, is to devel- 
op robust control algorithms which are resistant to vehicle or envi- 
ronmental uncertainties. The prime technical challenge is to devel- 
op a completely restructurable controls algorithm for unanticipated 
failures. Future thrusts will be directed toward bringing viable 
theories into simulated flight environments. for evaluation. Addi- 
tionally, nonlinear modeling and systems identification methods 
are being developed to support high angle-of-attack controls r e  
quirements. 

Guidance and display concepts research includes the application 
of artificial intelligence technology to military and. civil aircraft o p  
erations. One planned focus is the automated wingman program 
undertaken in cooperation with Defense Advanced Research 
Projects Agency. The automated wingman concept has the poten- 
tial for making substantial improvements in the effectiveness of 
multiaircraft strike forces through the application of artificial in- 
telligence technology. The approach for conducting flight research 
in this program, involving a ground computational facility and a 
remotely augmented vehicle, offers the potential for validating arti- 
ficial intelligence flight systems and the capability for stimulating 
complex aircraft and multiaircraft systems in a cost-effective 
manner. 

In the flight-crucial systems area, research will stress validation 
techniques, assessment technology, software reliability, lightning 
effects, and advanced architectures. Recent software reliability re- 
search has indicated a potential fallacy in classical software reli- 
ability assumptions. Increased emphasis will be ap lied to develop 
a credible software reliability model based on vahated  assump- 

tions. In the advanced architecture area, the proof-ofconcept hard- 
ware and software of the advanced information processing system, 
a distributed fault- and damage-tolerant architecture designed for 
real-time aerospace applications, will complete test and validation. 

Controls and guidance research directed a t  subsonic transports 
includes advanced transport operating systems, highly reliable digi- 
tal control systems architectures, and safety. The major focus in 
advanced transport operating systems will be evaluation of air traf- 
fic control automation aids for unequipped and four-dimensional 
(4-D) flight management equipped aircraft operations within the 
national airspace system. Research will establish preliminary algo- 
rithms needed to allow a transport to automatically fly the opti- 
mized trajectory from cruise to the terminal area metering fix, 
flight crew interfaces, and ground controller procedures to inter- 
mix 4-D and non-4-D equipped aircraft. This research will be per- 
formed in close coordination with the Federal Aviation Administra- 
tion. 

Rotorcraft controls and guidance research involves the applica- 
tion of artificial intelligence and expert systems technology to the 
difficult military rotorcraft mission of all-weather NOE operations. 
The objective of this research is to develop flight path management 
and planning concepts for terrain following and avoidance and 
manually controlled helicopter NOE flight, leading to automated 
flight. An expert system will be developed for onboard mission re- 
planning during NOE flight, and concepts for providing the inter- 
face between the pilot and the system will be formulated. This re- 
search will be performed in cooperation with the US. Army. 

Controls and guidance research directed at high-performance air- 
craft applications will stress development of a supermaneuver- 
ability technology base for high angle-of-attack research. Proposed 
design methods will be evaluated and honed in piloted simulation. 
Human Factors Research and Technology 

The objective of the aeronautical Human Factors Research and 
Technology program is to provide the capability to design effective 
crew-cockpit systems using advanced cockpit automation technol- 
ogies which will properly integrate the diverse systems, operators, 
and procedures. This is necessary for safety, efficiency, and in- 
creased capability in transcentury rotorcraft and transports and, 
ultimately, in the National Aerospace Plane. This is accomplished 
by developing an understanding of crew capabilities, limitations, 
and tendencies in interacting with these systems and by delineat- 
ing guidelines for implementing that understanding. There are 
four areas of emphasis: flight management, human engineering 
methods, rotorcraft, and subsonic transports. 

The flight management research program continues to empha- 
size: (1) determination of the relationship between human perform- 
ance and advanced automation, (2) informaticn management for 
advanced cockpits, (3) computer-aided interface design tools, and (4) 
evaluation and modeling of pilot sensory and information transfer 
performance. Operational incidents, such as those collected by the 
Federal Aviation Administration (FAAVNASA aviation safety re- 
porting system, continue to provide researchers with guidance 
about the most critical areas requiring investigation. The rapid ad- 



7 5  

..--- ,,--..* -4- - -L---J 1--- 
v a u ~ c i * ~ c t f i ~  u1 u1Iuua-I u L U I I I ~ U L ~ I  L has diaruaiicaiiy aiiered ihe 
nature of the piloting task. 

An expert system which automatically detects crew procedure 
errors was completed and readied for testing in full mission simula- 
tion. The system contains information about expected behaviors, 
phase of flight, and other operational details. It is a key component 
in a more fully capable system which will be human error tolerant. 

An intelligent cockpit aid was developed for fault monit.oring and 
diagnosis utilizing a knowledgebased approach to system descrip 
tion. 

The subsonic air carrier research pfogram concentrates on: (1) 

ronments and evaluation of systems and operating procedures, (2) 
improved pilot selection and training methods, and (3) investigation 
of methods for improving information transfer in the national air- 
space system. This year, a major, full-mission simulation study of 
the human factors aspects of the FAA's traffic alert and collision 
avoidance system (TCAS) was initiated at the request of the FAA 
and the Air Transport Association. 
Flight Systems Research and Technology 

The objective of the Flight Systems Research and Technology 
program is to provide the necessary research and technology devel- 
opment for an improved and validated base of advanced technology 
for application by industry to future generations of the entire spec- 
trum of aircraft. In many cases, joint funding is provided by NASA, 
Department of Defense, and Federal Aviation Administration 
(FAA). The program is organized into the following main catego- 
ries: (1) aviation safety, (2) flight instrumentation and test tech- 
niques, (3) high-performance aircraft, and (4) flight support. The ac- 
tivities within this program encompass advanced engineering tech- 
niques and the establishment of the feasibility of concepts to 
ensure rapid application of promising new technology essential to 
meeting one or more of the following goals: (1) reducing aircraft ac- 
cidents resulting from weather effects (heavy rain, wind shear, 
lightning, turbulence, and icing); (2) improving flight efficiency, en- 
hancing data accuracy, and enabling the acquisition of previously 
unobtainable information; and (3) establishing a technology base 
for the design of future fighter aircraft with unprecedented maneu- 
verability at high angle-of-attack (up to 90 degrees) flight condi- 
tions. 

The objectives of the activities in aviation safety are to provide a 
better understanding of aeronautical safety hazards and their con- 
sequences and to provide criteria for design of aircraft s stems and 
operating techniques. They involve the development oTanalytica1 
models to predict ice accretion and its effects on aircraft handling 
qualities and airfoil performance for both rotary- and fixed-wing 
aircraft, development of ice protection concepts, establishment of a 
flight-validated lightning strike data base, and development of an 
understanding of the effects of heavy rain on aircraft aerodynamic 
and propuision system performance. A program has been initiated 
to develop an intercolated graphite thermal anti-deicing concept for 
composite aircraft surfaces. Development of an airfoil ice accretion 
computer code ha$ ben completed, and research ettnr?s re!&& te  
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sdrasced aircraft epp!icetio::s heve See:: initizted. In thc area of 
heavy rains, a Critical Design Review was successfully completed 
for the planned use of the aircraft landing dynamics facility for 
heavy rainfall simulation using a large-scale wing model. The in- 
strumented F-106 severe storms research aircraft completed its 
lightning strike flight research activity. The resulting first-of-a- 
kind data base is providing the basis for the development of light- 
ning strike effects models for use by FAA and industry for materi- 
als and avionics protection. Wind tunnel investigations of heavy 
rain effects are providing an initial data base for modeling the re- 
sulting degradation of aircraft performance. 
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refine and validate aerodynamic predictive tools a t  high angle-of- 
attack flight conditions and demonstrate the performance benefits 
and utility of propulsive flight control. Negotiations have been con- 
ducted with the United Kingdom for cooperative investigations of 
several design concepts for an aircraft with supersonic and ad- 
vanced short takeoff and vertical landing (ASTOVL) capability. 

The objectives of the flight support program are to provide a va- 
riety of support services to flight research projects using standard 
aircraft for chase, airspeed calibration, remotely piloted research 
vehicle air drops, and flight crew readiness training. Replacement 
of the aging F-104 high-performance support aircraft at the 
Dryden Flight Research Facility with Navy-loaned full-scale devel- 
opment F-18 aircraft has been initiated. 

In FY 1988, the aviation safety program will emphasize coordi- 
nated wind tunnel and analytical investigations with ice accretion 
and its effects on fixed- and rotary-wing aircraft performance and 
handling qualities. Research to establish a flight-validated severe 
storms and lightning effects data base will be completed and the 
results reported to the FAA and industry. Wind tunnel and analyt- 
ical investigations will be continued to establish a data base for 
analysis and understanding of the effects of heavy rain on aircraft 
aerodynamic and propulsion system performance. 

Wind tunnel and analytical research will be conducted to investi- 
gate the potential benefits and the aerodynamic, propulsion 
system, and structural interactions resulting from multiaxis thrust 
vectoring at  high angle-of-attack. Simulator and design studies will 
be completed to establish a data base for the potential integration 
of aerodynamic and propulsive flight controls on the NASA F-18 
high-alpha research vehicle. In the U.S./United Kingdon AS- 
TROVL program, propulsion system and airfrape design studies 
will be completed to identify the advantage and disadvantages of 
alternative propulsion system concepts for a supersonic ASTOVL 
aircraft. The study results will be used to guide the research activi- 
ties required to develop the technology base for the most promising 
aircraft/propulsion system concepts. 

Flight test support of flight research projects will continue using 
a variety of both fixed- and rotary-wing aircraft. In the main, these 
stnndnrd n:rcraft .KL;; be flown a; 
search aircraft described under high-performance aircraft systems 
technology (X-29A, F-15, F-18, YAV-8B) and rotorcraft systems 
technology (X-wing, XV-15 tilt rotor). The test support activity also 
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Estimated fiscal 
year 1987 

provides for flight crew training, maintenance of flight data facili- 
ties, aircraft instrumentation, and flight data processing. 
Systems Analysis 

The objective of the Systems Analysis effort is to identify and 
quantify the impact of emerging technologies in aerodynamics, ma- 
terials, structures, propulsion, and systems that can lead to new 
plateaus or major improvements in civil or military aircraft of the 
future, create new markets, and provide potential economic bene- 
fits. Conceptual designs are performed incorporating new technol- 
ogies, and sensitivity analyses and tradeoff studies are conducted to 
quantify the benefits of the emerging technologies. 

Systems analysis studies of subsonic aircraft, which include gen- 
eral aviation, commuter, and transport aircraft, concentrate on the 
impact of very advanced materials and structures for propulsion 
systems on a 150-passenger class of transports powered by ad- 
vanced turboprops and on a 500-passenger class of transports pow- 
ered by turbofans. 

In FY 1987, data collected from a joint program between the 
American Helicopter Society and NASA was used to identify the 
highest payoff technologies that enable helicopter noise reduction 
with minimum performance penalty. Also, conceptual studies were 
performed to quantify noise reduction achievable through advanced 
technologies, such as rotorcraft without tail rotors. 

A major study effort has been initiated to identify the most 
promising vehicle and propulsion system concepts for high-speed 
civil transportation (from Mach 2.0 up to transatmospheric speeds). 
The studies address the advanced vehicle concepts enabled by 
emerging technologies, including those from the National Aero- 
space Plane program. These studies are being conducted by major 
airframe and propulsion system manufacturers with airline con- 
sultants. 

An ongoing study effort is assessing the potential of new technol- 
ogies for high-performance aircraft. In FY 1987, the studies focused 
on the advanced short takeoff and vertical landing (ASTOVL) air- 
craft. As part of a cooperative U.S./United Kingdom program, 
second-generation conceptual design studies were conducted with 
emphasis on advanced propulsion concepts and their intergration 
into the vehicle. These in-house studies support major contractual 
efforts with propulsion system and airframe manufacturers that 
are funded in the flight systems area. Together these studies will 
form the basis for selecting the most promising concept for technol- 
ogy development in FY 1988. 

Studies in FY 1987 for hypersonic vehicles consisted of in-house 
development of models to assess hypersonic propulsion systems and 
contractual development and assessment of unique propulsion con- 
cepts for both hypersonic cruise and transatmospheric flight. 

In FY 1988, rotorcraft efforts will assess the impact of advanced 
technologies on high-speed tilt rotor configurations and X-wing con- 
cepts. For the tilt rotor, technology needs will be identified for 
folded tilt rotor configurations with speeds in excess of Mach 0.7. 
Also, the potential benefits and technology needs of autonomous re- 
motely piloted rotorcraft will be studied. 

Authorization 
fmal year 1988 

The high-speed civil transportation studies will continue through 
FY 1988. Design criteria will be established, and sensitivity studies 
will be performed to assess the benefits and technical risks of con- 
figuration options in terms of civil potential. Also, for each configu- 
ration, issues such as environmental impact, safety, fuel, and air- 
port infrastructure will be examined. The national-scale signifi- 
cance of these issues and their sensitivity to emerging technologies 
will be determined. 

Systems studies for advanced high-performance aircraft will 
focus on new capabilities enabled by key technology developments 
in high thrust-teweight ratio propulsion, propulsive control, and 
systems integration. The thrust-to-weight ratio of engines is exepct- 
ed to double over the next decade. Combined with advances in 
lightweight materials, advanced structural concepts, and reliable 
flight/propulsion controls, a small lightweight fighter with short 
takeoff and vertical landing capability that is supermaneuverable 
could result. In FY 1988, thrust vectoring and other propulsive con- 
trol concepts will be assessed. 

Hypersonic speed and high-altitude capability in both airplanes 
and missiles have obvious advantages for national defense, as well 
as hypersonic transports and transatmospheric vehicles. Vehicle 
concepts incorporating projected technology advances are required 
to determine the performance potential and technology needs. Pro- 
spective vehicles and their mission capabilities will be assessed, 
along with their sensitivity to technology options. In FY 1988, the 
emphasis will be on determining the most promising propulsion 
concepts and associated technology needs for hypersonic cruise and 
transatmospheric vehicles. These formulations will employ the syn- 
ergistic integration of aerodynamics, aerothermal, propulsion, 
structural, and controls technologies. 

SYSTEMS TECHNOLOGY PROGRAMS 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Rotorcraft systems technolo .................................. 
High-performance aircraft systems technology ... 
Advanced propulsion systems technology ____._....... 
Numerical aerodynamic simulation ....................... 

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

$18,700,000 $5,000,000 
26,000,000 16,600,000 
28,400,000 32,500,000 
30,000,000 39,700,000 

93,800,000 103,100,000 
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the initial flight investigations of an X-wing rotor on the rotor sys- 
tems research aircraft (RSRA) under a joint program with the De- 
fense Advanced Research Projects Agency (DARPA). 

In the noise program conducted with U.S. industry, an updated, 
comprehensive noise prediction code was made operational. Accura- 
cy is expected to be k 3  decibels in most cases for existing designs. 

blade-vortex interaction noise was made from a limited data base. 
A flight test of a two-speed rotor on a McDonnell Douglas 500E hel- 
icopter that dramatically demonstrated the importance of rotor 
speed control for low noise operation was conducted. In addition, 
since many helicopters have noise signatures dominated by the tail 
rotor, several promising concepts for tail rotor noise reduction are 
being analyzed for future testing. 

In the joint DARPA/NASA RSRA/X-wing rotor investigation, 
the goal is to demonstrate a stoppable circulation-control rotor con- 
cept which could increase the operational capability for future 
rotorcraft into the high subsonic flight regime. The prime objective 
of rhis rest program is to perform an X-wing con,wsion from 
rotary to stopped-rotor flight and return to rotary-wing flight. The 
flight research program will also investigate the dynamic stability, 
performance, and rotor control characteristics of the X-wing rotor 
system. The testbed aircraft modifications have been completed, 
and in FY 1987 the RSRA/X-wing basic flight test program for 
flight envelope clearance will be initiated. The program will also 
include obtaining ground-based piloted simulation data, conducting 
propulsion systems testbed evaluations, and generating vehicle 
management systems data in support of the flight investigation of 
the X-wing rotor on the RSRA. The RSRA/X-wing basic 40-hour 
flight test program will be initiated. 

The NASA/American Helicopter Society (AHS) cooperative in- 
dustry noise research program will conclude with the release of the 
operational version of the comprehensive noise prediction code 
called ROTONET. New subroutines for rotor loads, rotor wakes, 
and aerodynamic interference will be incorporated. Prediction ac- 
curacy is expected to approach k1.5 decibels for takeoff and fly- 
over conditions for existing designs. A full-scale test in the 40x80- 
foot wind tunnel of a modified S-76 rotor designed for reduced 
blade-vortex interaction noise using technology developed in the 
NASA/AHS program will take place. A final task of this program 
will be a design exercise for a low noise rotor with practical oper- 
ational limitations with a view toward validating improvements in 
the technology. 

An effort will be accelerated to gather a modern data base on 
rotor airloads with comprehensive measurement of pressures, 
structural shears, pilot control activity, and acoustics. This effort is 
fundamental to the needs of noise and vibration prediction and will 
supplant the previous data base that is outdated in terms of air- 
foils; platform, and aeroelasticity and is limited in speed. fidelity, 
and depth. The flight data will be accompanied by full-scale and 
small-scale wind tunnel testing to correlate scaling laws and wind 
tunnel wall interference effects. 

iiciive piich coiiirul for iiiipioveiiiiiib iii ~i'vratioii, iioise, p i -  
formance, and maneuvering has been demonstrated in small scale 
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under applied aerodynamics basic research. A test is planned in 
the 40x80-foot wind tunnel to verify results and reduce uncertainty 
due to scaling effects. Simulation research will investigate the aug- 
mented control available with this approach. The use of active con- 
trols will also be investigated with a goal of enabling relaxed aeroe- 
lastic stability on a future tilt rotor to reduce wing thickness, 
hence drag, and push speeds from the current 300 knots to 400 
knots. Additional efforts will examine blade airloads and more 
modern hub designs for speed and maneuverability. As a first step, 
- a toct - -- - will  . . _ _  - e x & w t e d  in  t,he t,ransonic dynamics tunnel for feasi- 
bility and proof of analysis. 

In FY 1988, the RSRA/X-wing basic 40-hour flight test program 
will be completed. No further funding has been requested. These 
tests will concentrate on the flight mode in which the aircraft con- 
verts from rotary to stopped rotor at speeds near 200 knots. 
Ground-based tests and analysis of advanced X-wing technology, 
such as improved airfoils developed with computational flight dy- 
namics and improved control laws, will be conducted. 
High-Performance Aircraft Systems Technology 

The objective of the High-Performance Aircraft Systems Technol- 
ogy program is to generate validated engineering methods and 
desigr, data applicable to the development of advanced high-per- 
formance, high-speed aircraft applications. The program objectives 
are accomplished by analysis, ground-based simulations, wind 
tunnel experimental research, and flight research tests of advanced 
aircraft concepts and systems. 

The F-18 high-alpha research vehicle has been modified to a r.e- 
search configuration for support of flights research operations in 
FY 1987, with the goal of obtaining a flight-validated data base for 
the design of highly maneuverable aircraft. Initial flight tests are 
focusing on the measurements of high angle-of-attack aerodynam- 
ics for correlation with wind tunnel and analytical predictions. In 
the NASA/Air Force advanced tighter technology integration 
(Am11 program, the AFTI/F-111 mission adaptive w n g  project has 
completed envelope expansion and will initiate the flight test of a n  
automatic camber control system for its variable camber airfoil to 
demonstrate the performance improvements which may be ob- 
tained in maneuvering flight. In the F-15 highly integrated digital 
electronic control (HIDEC) program, which builds on the capability 
developed during the digital electronic engine control and F-100 
engine model derivative programs, flight research testing to vali- 
date 10- to 15-percent aircraft performance improvements through 
integrated digital electronic controls will be completed. Fuel flow 
reductions of 14 percent have been demonstrated in high-speed 
flight with afterburner and acceleration times to supersonic fllght 
have improved substantially. Flight test data will be obtained on 
the F-106 aircraft equipped with leadingedge vortex flaps to vali- 
dzte the qredicfed irr?prcvemer?ts cm &craft takeoff, landing, and 
maneuvering flight performance. Flight testing of a YAV-8B Har- 
rier is continuing for validation of wind tunnel, analytical, and 
simulator predictions- of vertical/short takeoff and landing aircraft 
aerodynamic, propulsion, and controi characteristics. i n  the 
NASAIDARPA X-29A forward-swept-wing flight demonstration 
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program, the aircraft completed the envelope clearance flights in 
1986, demonstrating the capabilities of the advanced technologies 
designed in the experimental aircraft. 

During FY 1987, the turbine engine hot section technology 
(HOST) program continues to focus on the issues involved in engine 
durability. The objective is to establish predictive methods for the 
structural response and life of hot section components through de- 
velopments in analysis, instrumentation, and verification method- 
ology. The new high-temperature structures and fatigue laboratory 
at  Lewis Research Center has completed its first year of operation. 
Studies of the turbine blade and burner liner materials under real- 
istic, complex, thermomechanical loading conditions have led to ac- 
curate prediction of combustor liner failure. Improved analysis for 
3-D aerothermal flow interaction in turbine cascades has been de- 
veloped and benchmark tests conducted. Constitutive laws have 
been developed and validated to predict single crystal turbine blade 
response. Improved theories of salt deposition on rotating airfoils 
are being developed, thus leading to better models for hot corrosion 
performance in the turbine environment. The environmental and 
average turbine engine stress effects on cyclic damage accumula- 
tion for life prediction models is continuing. 

As part of the activity to develop higher performance, longer life 
turbine blade materials, the ceramics for turbine engines program 
has continued to make progress in FY 1987. The relationship be- 
tween microstructure and properties for silicon nitride will be es- 
tablished and toughening mechanisms identified. Studies of high- 
temperature function and wear are ongoing. New fibers produced 
by chemical vapor deposition processes are being studied for higher 
performance ceramic composites. In FY 1987, an advanced brittle 
design code, developed in-house at  Lewis Research Center, will be 
extended to include multiaxial response. 

The objective of the oblique wing technology program is to estab- 
lish a flight-validated data base for application of the technology to 
future civil and military aircraft. For over forty years, NASA has 
investigated oblique wing technology, including wind tunnel tests, 
simulations aircraft design studies, and low-speed manned and un- 
manned flight tests. These studies have indicated significant per- 
formance advantages for an oblique wing aircraft, as compared to a 
conventional swept wing, for missions requiring both efficient sub- 
sonic cruise and supersonic dash performance. In addition, the con- 
cept offers significant improvement in carrier spotting ratio for 
Navy operations. 

The final step in the oblique wing technology program is the 
design, construction, and flight evaluation of an aeroelastically tai- 
lored composite oblique wing at  transonic and supersonic speeds. 
The NASA F-8 digital fly-by-wire (DFBW) test aircraft will be uti- 
lized as the research testbed for the flight program. This aircraft 
provides for easy installation of the oblique wing, as well as a well 
defined, readily modifiable, highly flexible, digital flight control 
system. An oblique wing preliminary design contract has been 
awarded and will provide the basis for the final design of the wing 
and required modifications to the F-8 DFBW testbed. This activity 
will lead to the start of the flight test program in 1989. 

The flight research activity in FY 1988 will involve a variety of 
high-performance aircraft to investigate advanced concepts. Several 
projects will continue their flight phases during this period. The F- 
15 HIDEC flight test validation of performance improvements re- 
sulting from propulsion system variable operating line control will 
be completed. A program to further develop the technologies for 
the integration of flight and propulsion controls will be initiated 
with the F-15. These performance seeking control flights will vali- 
date the performance potential of real-time, inflight optimization. 
The NASAIDARPA X-29A aircraft program will be expanded to 
include Air Force participation in the follow-on flight research pro- 
gram. One of the X-29A aircraft will be modified to include a spin 
chute to enable flight research testing of the forward-swept wing 
technologies above 20 degrees angle of attack. The F-106 aircraft 
will conduct flight tests of the vortex flap concept for correlation 
with wind tunnel and analytical predictions. The YAV-8B Harrier 
flight test program will complete the baseline aerodynamic and 
engine bleed flow experiments and initiate flight investigations to 
support supersonic short takeoff and vertical landing aircraft con- 
troldesign studies. 

In FY 1988, the contracts for final design, fabrication, and 
eround aualification testing of the obliaue wing and F-8 DFBW air- 
craft syitem interfaces/m;;difications will be h d e r  way. In-house 
wing aerodynamic design and research and technology activities in 
support of the oblique wing program will be continued, including 
wind tunnel investigations, simulations, and the application of ad- 
vanced aerodynamic and structural analysis computer codes. 

In FY 1988, the turbine engine hot section technology element 
and the ceramics for turbine engines element have been combined 
and augmented to form the advanced high-temperature engine ma- 
terials program in the Advanced Propulsion Systems Technology 
program. The programs were combined to focus the efforts on de- 
veloping fundamental technology for revolutionary advances in 
high-temperature materials for advanced propulsion systems and 
will be reported under Advanced Propulsion Systems Technology. 
Advanced Propulsion Systems Technology 

The objective of the Advanced Propulsion Systems Technology 
program is to explore and exploit advanced technology concepts for 
future aircraft propulsion systems in high payoff areas through the 
focusing of fundamental research and technology efforts and inte- 
gration of advanced propulsion components. 

Activities in the advanced turboprop systems program are devot- 
ed to establishing concept feasibility and providing the broad re- 
search and technology analytical and experimental data base nec- 
essary for achieving the concept’s ful! potential. Information on 
aerodynamic performance, aeroelastic stability, and acoustic envi- 
ronment will be obtained for verification of analysis codes and to 
support the gathering and analysis of experimental data under 
actual flight conditions using aircraft testbeds. The 9-foot-diameter 
large-scale advanced propeller was successfully tested in a wind 
tunnel for aeroelastic stability and cleared for flight test. The 
single-rotation flight propulsion system, which includes the large- 
scale advanced propeller, forward nacelle, gearbox, and gas genera- 



tor completed a static ground test. The system passed functional 
tests and completed a 50-hour endurance test to complete its check- 
out for flight testing. In 1987, the propulsion system will be in- 
stalled on a modified production aircraft to perform structural, aer- 
oelastic, and acoustic verification for propellers a t  large scale. Ad- 
ditional small-scale experiments in support of the flight test includ- 
ed oneninth scale model low-speed tests of the propfan test assess- 
ment flight test aircraft which determined the aircraft to have ac- 
ceptable stability and control characteristics. A semispan version 
on the mode! i4 nlsn heing tent.erl tn gather det,ailed aerodynamic 
data behind the propeller to aid in the analysis of the large-scale 
results. Ground tests of the General Electric unducted fan engine, 
a gearless counter-rotation profan concept. were successfully com- 
pleted. The engine is currently undergoing flight tests on a modi- 
fied production aircraft under industr sponsorship. Aerodynamic 
and acoustic data are being gathered 6 r  both gearless and geared 
counter-rotation concepts in a two-foot-diameter scale-model size. 
The performance results are good and the acoustic results show 
that the proper design of the propeilers will result in acceptable 
noise levels for airport operations. 

In the general aviation and commuter engine technology pro- 
gram, with the objective of raising the performance level of small 
turbine engines to more nearly match that of large engines, the 
work continues to be focused on providing fundamental experimen- 
tal data to obtain a detailed understanding of the design param- 
eters that affect component performance as size is reduced. Small 
engine component technology studies have been completed. It was 
determined that high-temperature materials, such as ceramics for 
the hot section, improved aerodynamics of components, and ad- 
vanced cycles, including recuperators, have the potential of reduc- 
ing small engine fuel use by 20-50 percent with a corresponding r e  
duction in direct operating costs of 12-20 percent. The scaled cen- 
trifugal compressor program was completed, proving that after the 
effects of tip clearance, blade thickness, and surface roughness 
were properly accounted, the performance of small centrifugal com- 
presssors depended on Reynolds number, which is the nondimen- 
sional parameter used for aerodynamic scaling. In addition, the ex- 
perimental evaluation of an advanced ceramic matrix combustor 
liner was completed and a full analysis of the data will be accom- 
plished in 1987. Ceramics offer the potential of eliminating cooling 
requirements for combustor liners, thus increasing engine cycle ef- 
ficiency. During 1957, the new small turbine facility checkout will 
be completed and subsequently used to evaluate turbine perform- 
ance penalties associated with inlet boundary layer size and blade 
surface finish. 

In FY 1988, advanced turboprop systems research will emphasize 
source noise, cabin ervironment, turboprop installation aerodynam- 
ics, and the devlopment of advanced aerodynamic and structural 

lers. The results of the flight test of the large-scale advanced pro- 
peller will be fully analyzed and compared to small-scale results to 
confirm scaling techniques for structures, aerodynamics, aeroelas- 
tics, propeller source noise, and an untreated cabin environment. 
The combination of aerodynamic and aeroacoustic analysis will 
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continue in order to accurately predict the source noise of the com- 
plex shapes and multitude of configurations available for counter- 
rotation propellers. Analytical and experimental ground and flight 
research will be performed cooperatively with industry to develop 
approaches and determine their effectiveness for controlling cabin 
noise in various turboprop aircraft configurations. Experimental in- 
sisiiaiioii aerodyrlarnics research wiii be performed on a variety of 
turboprop/airframe configurations including single- and counter-ro- 
tation and wing and aft mounts. These experimental results will be 
used to verify Euler and Navier-Stokes analysis codes under devel- 
opment for predicting aircraft flow fields. Advanced propeller re- 
search will include code development for predicting aircraft flow 
fields. Advanced propeller research will include code development 
and verification using three-dimensional viscous transonic methods 
that consider counter-rotation interaction and evaluation of ad- 
vanced concepts. 

The general aviation and commuter engine technology effort will 
continue to focus on developing fundamental understanding and 
obtaining an anaiyticai and experimentai data base for use in 
future advanced small engines. Advanced turbine technology will 
be emphasized in FY 1988, with the experimental evaluation of a 
cooled, high work radial turbine and a mixed-flow turbine. Radial 
turbines are capable of very high work capability per stage. Suc- 
cessful cooling of small radial rotors will ield a very high-power 
compact turbine that can be used in higt-pressure-ratio engines 
which provides system efficiency improvements. In another a p  
proach, the need for cooling can be potentially eliminated by using 
high-temperature materials such as ceramics; however, ceramics 
have not as yet proven strong enough to be used in a radial tur- 
bine. A compromise would be a mixed-flow turbine with almost as 
high work per stage, while significantly reducing stress levels. A 
mixed-flow metal turbine rotor will be fabricated to evaluate the 
maximum stress levels during rig tests in preparation for fabrica- 
tion and test of a ceramic rotor a t  a later date. In addition, a cen- 
trifugal compressor evaluation will be completed, yielding a de- 
tailed laser velocimetry flow field description of a high-speed rotor. 

Advanced high-temperature engine materials technology re- 
search will develop fundamental technology to enable very high 
thrust-to-weight (20 to 1) gas turbine engines with durable, long-life 
hot section components. Key to these applications are materials ca- 
pable of operating at  much higher temperatures and strength 
levels than now possible. These advanced materials will provide for 
a 30-percent decrease in weight, while allowing an increase in max- 
imum operating temperature and a doubling of life. Only minor 
performance gains are possible with the existing high-temperature 
materials, such as titanium and superalloys, which are currently 
being used. The key advanced materials include ceramics and ce- 
ramic composites, metal matrix composites, and carbon-carbon 
composites. 

Two ongoing systems technology programs currently in high-per- 
formance aircraft systems technology, turbine engine hot section 
technology and ceramics for turbine engines, have been combined 

terials program for FY 1988. The objective of this new program is 
and augmented t o  f G i m  the adiiai~id high-ieiiiperaiire eIlgiIle ma- 



to develop the necessary fundamental technology to provide for the 
revolutionary advances in high-temperature materials for high-per- 
formance propulsion systems. These advanced materials will enable 
higher turbine inlet temperatures for sustained supersonic cruise, 
high thrust-to-weight engines for advance high-performance con- 
cepts, and engine hot section component operations without cooling 
air for higher fuel efficiency. The program includes process devel- 
opment and research to understand how these materials respond to 
the complex thermomechanical loads encountered to allow determi- 
nation of their life in service. Development of the technology to im- 
prove structural ceramic reliability to permit its use in engines will 
be continued, as will development of the analytical tools and exper- 
imental data base necessary for accurate life prediction and dura- 
bility assessment of turbine blades, vanes, and combustors using 
current materials systems. 
Numerical Aerodynamic Simulation 

The Numerical Aerodynamic Simulation (NAS) program objec- 
tive is to significantly augment the nation's capabilities in compu- 
tational fluid dynamics and other areas of computional physics by 
developing a preeminent capability for numerical simulation or 
aerodynamic flows. This program will provide the computional ca- 
pabilities required to obtain solutions to problems which are cur- 
rently intractable. Ongoing research and fRchnology base efforts in 
computional aerodynamics will benefit significantly from the ad- 
vanced computional capabilities to be provided by the NAS pro- 
gram. The combination of these programs will provide pathfinding 
aeronautical research for the future, allowing solutions of the full 
Navier-Stokes equations, providing first-principle prediction of vis- 
cous flow about simple aerodynamical shapes, and enabling the 
prediction of performance of complete aircraft. The NAS program 
will develop an extensive, user-friendly system to assist engineers 
and scientists in all aspects of problem solution from problem for- 
mulation through graphical presentation of results. The heart of 
this system is the high-speed processors, which will be upgraded 
when new supercomputer systems a t  least four to six times more 
powerful than existing machines become available. These machines 
will provide the largecapacity/high speed computational capability 
re uired in advanced fluid dynamic research and applications. 

8ince NAS is both a development and an operational system, two 
high-speed processors are necessary. One processor will be devoted 
exclusively to production computing. The second, newer and more 
powerful machine, will be integrated into the system while soft- 
ware for production use is being developed. The first high-speed 
processor (HSP-! ), a Cray 2 supercomputer, reached operational 
status in the NAS initial operating configuration (IOC), on July 21, 
1986. For IOC operations, over 180 researchers nationwlde used the 
NAS resources to numerically simulate complex flow phenomena. 
Construction of the NAS facility has been completed, and occupan- 
cy began in the first quarter of FY 1987. Full operations commence 
in the second quarter of FY 1987 when the NAS system relocation 
into the NAS facility is completed. During FY 1987, the second 
high-speed processor will be acquired in preparation for receiving 
the planned extended operating configuration (EOC). 

FY 1988 will be an important year in the development of the 
NAS system. The second high-speed processor (HSP-21, which will 
be four to six times more powerful than HSP-1, will be installed 
and integrated into the NAS system. Secure (classified) processing 
will be initiated with the completion of the secure processing area 
in the new building. The addition of HSP-2, which constitutes the 
NAS EOC, will reach the full planned architecture of the NAS 
system. The major subsystems will be expanded as appropriate to 
support EOC operations. The mass storage subsystem will be ex- 
panded to handle the additional archival storage required for s u p  
port of the HSP-2. The advanced graphics subsystem development 
will be completed to accommodate both high-speed processors. 
During this period, system software development will continue, and 
all new components will undergo extensive test and integration. 
Application software developed during IOC will continue to be 
modified to provide pathfinding viscous flow solutions for advanced 
configurations. In FY 1988, NAS operations support funding has 
been consolidated in the NAS program from the Research and 
Technology Base. This consolidation of funding simplifies manage- 
ment and reporting of NAS pr.ogress. 

10. TRANSATMOSPHERIC RESEARCH AND TECHNOLOGY 

NASA REQUEST, $66,000,000 

AUTHORIZATION, $66,000,000 

FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Transatmospheric research and technology: 
Estimated fiscal year 1987 ............................................................................. $ 45,000,000 
Authorization fiscal year 1988 ....................................................................... 66,000,000 

The National Aero-Space Plane (NASP) program is a joint effort 
between NASA and the Department of Defense to accelerate the 
development of critical enabling technologies for this revolutionary 
class of hypersonic/transatmospheric vehicles. Such vehicles could 
be capable of taking off from and landing on conventional runways, 
using airbreathing propulsion up to, or near, orbital speed, and pro- 
viding rapid and lowcost access to space. The program will acceler- 
ate the development and validation of key technologies through ap- 
plication of analytical prediction methods coupled with testing in 
ground-based facilities. The critical technologies being pursued in 
the current phase of the program include efficient airbreathing 
propulsion systems, with emphasis on scramjet performance that 
provides the necessary thrust from takeoff to near orbital speeds; 
reusable thermal structures that can withstand repeated combina- 
tions of extreme peak heating and longduration heat loads; and 
complete integration of the propulsion system with the airframe 
for a minimum weight system with good performance throughout a 
broad range of accelerating, cruising, and maneuvering flight con- 
ditions. A necessary precursor to the development and flight vali- 
dation of an experimental vehicle (X-30), these technologies will 
form the critical data base required for design and integration of 
complex propulsion and structural systems into a vehicle configura- 
tion capable of transatmospheric flight. 



This program is an outgrowth of the ongoing aeronautics and 
space research and technology programs. It is a multicenter effort 
(Ames, Langley, and Lewis) directed a t  generating the technologies 
required to provide the variety of options afforded by airbreathing 
transatmospheric vehicles. The opportunities for exploiting this 
regime for advancement of national interests are broadly recog- 
~i&--inc!i~!ing Iniinrh vehicles, hypersonic transports. and mili- 
tary applications. 

Ongoing activities in the National AereSpace Plane program in- 
clude t.echnology development in subsonic. supersonic. and hyper- 
sonic hydrogen-fueled propulsion technology; advanced high-tem- 
perature materials and lightweight, high-strength, thermal struc- 
tural concepts; and computational fluid dynamics, which remain 
the three critical technologies for all transatmospheric vehicle a p  
plications. The engine and airframe contracted efforts will be sup- 
ported by an extensive focused technology effort a t  NASA centers 
(Ames, Langley and Lewis) and other government laboratories. 
Work will continue on computational fluid dynamics calculations, 
including the refinement of computer models based on test data. 
Modeling using supercomputers will include externaliinternal 
aerodynamics, aerothermodynamics, kinetics and thermal-structur- 
a1 considerations, and nozzle/plume computer codes for analyzing 
chemically reacting hypersonic nozzle/plume flows. Work will con- 
tinue on devslopment of, and manufacturing technology for, light- 
weight, high-tempe .ature advanced materials. For example, proc- 
essing techniques for fabricating ceramic matrix composite panels 
will be demonstrated. Engine component and subsystem testing 
will continue over the wide speed range of interest, and flight re- 
sewch vehicle test pianning will be initiated. Tests will be conduct- 
ed on subscale component integration models of scramjet concepts 
over the speed range of Mach 3.5 to Mach 8. Contractors will con- 
centrate on developing and refining their vehicle concepts, the con- 
struction and testing of critical structural components of the air- 
frame cryogenic tankage and vehicle, and propulsion/airframe in- 
tegration of both engines into their respective vehicle configura- 
tions. In addition, the airframe contractors will focus on critical 
technologies including nose cap and leading-edge materials, active- 
ly cooled structures, computational fluid dynamics code validation, 
and flight instrumentation. 

Due to the nature of this national program, a significant portion 
of the funding will be the responsibility of the Program Manage- 
ment Office which will distribute the funds to support the critical 
technology maturation contracted activities. NASA research center 
personnel will be responsible for the technical management of 
these technology efforts. 

11. SPACE RESEARCH AND TECHNOLOGY 

NASA REQUEST, $250,000,000 

AUTHORIZATION, $Z50,000,000 

FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

~ Estimated fiscal 
i year 1987 

tcesearcn ana recnnoiogy base ................................ ~ $iG,6OO,OOO 

gram, ......................................... . , I  0 

Systems technology programs .................................. 37,400,000 
Civil Space Technology Initiative (CSTI) pro- ~ 

Total ............................................................... 1 171.000.000 

Authorization 
fiscal year 1988 

~. . - ^ ^ ^  - - ~  
~llo,Yuu,uuu 

0 

134,100,000 
250,000,000 

The goal of the Space Research and Technology program is to 
retain national preeminence in space by advancing the technology 
base that suppons the civii space program. The specific objectives 
are to provide a broad base of advanced technology for vehicle and 
subsystem concepts, components, devices and software; to develop 
the underlying analyses methods, materials behavior, and disci- 
pline technologies; and to perform ground and in-space experi- 
ments to provide basic data and verify concepts through ground 
and in-space experiments so that new technology can be utilized 
with confidence. 

An enhanced technology program is required to assure that ad- 
vance space transportation systems provide reliable access to, and 
operations in, space; that science missions can continue to expand 
understanding of the universe through missions of increased capa- 
bility; and that human presence in space expands systematically 
within and beyond earth orbit. 

In FY 1988, the program will continue to support agency goals in 
space transportation, Space Station, and Space Science and Appli- 
cations, as well as to provide synergistic support to military and 
commercial space user needs. In FY 1988, the Space Research and 
Technology program has been restructured into two parts. The first 
part, which retains the space research and technology base title, 
contains the generic, fundamental research aspects of the program. 
The second part, the Civil Space Technology Initiative (CSTI) pro- 
gram, includes focused systems technology programs supporting 
transportation, operations, and science consistent with the goals of 
the US.  space program. The CSTI supports research in propulsion, 
vehicle concepts, information systems, large structures and control, 
power, and automation and robotics. CSTI contains research activi- 
ties from the former research and technology base and systems 
technology programs, which have been reoriented and augmented 
toward the goals of the CSTI program. 

The research and technolo= base portion of the program is con- 
ducted in the disciplines fundamental to space endeavors. In aero- 
thermodynamics, increased emphasis will be given to obtaining the 
data base for code validation/verification covering the entire at- 

flows. Continued emphasis will be placed on investigating aerody- 
rriuspiiaric apecirurri ihn i  coritiiiiiiiiii to rai&d'free md~ciikir 



namic and aerothermodynamic performance of hypersonic and 
entry vehicle configurations. The space energy conversion program 
will explore concepts which increase the capability and life of small 
and large utility-type power systems and for spaceciaft and rover 
applications. Propulsion technology will increase the performance, 
life, and reliability of liquid oxygen/liquid hydrogen and liquid 
oxygen/hydrocarbon propulsion systems for earth-to-orbit and orbit 
transfer vehicles, stressing components, integrated diagnostic in- 
strumentation, and fault-tolerant concepts. Research on auxiliary 
propulsion will develop concepts for gaseous oxygen and hydrogen 
propellant systems for growth stations and vehicles. Electric pro- 
pulsion will address low-thrust propulsion applications, with atten- 
tion on fundamental life- and performance-limiting features. Mate- 
rials and structures activities will investigate the static and dy- 
namic response of large-area space structures, including erectable 
and deployable construction concepts and analysis of dynamic re- 
sponse and controls interaction. The work on thermal protection 
systems and related thermal-structural analysis methodology for 
advanced transportation vehicle concepts will continue. The effects 
of the space environment, particularly atomic oxygen interaction 
on lightweight materials for spacecraft and platforms, will contin- 
ue as a major thrust. In space data and communications, emphasis 
will be on advanced memory concepts, fault-tolerant general pur- 
pose computer architectures, and microwave and optical communi- 
cations technology. The information sciences program will empha- 
size software technology, reliable computing, concurrent processing, 
radiation-tolerant electronics, and sensing technology for spacecraft 
and Space Station applications. Controls and guidance research 
will lead to the ability to precisely control large, flexible space 
structures; precision pointing of large spacecraft; and adaptive 
guidance concepts for future transportation systems. Human fac- 
tors efforts are aimed at  the enhancement of astronaut productivi- 
ty through crew stations with “human engineered” information 
management techniques and extravehicular work stations. 

Efforts in space flight research and technology will be focused 
on: (1) orbiter experiments to validate experimental and predictive 
techniques for the design and development of future space trans- 
portation systems, (2) a cryogenic fluid management flight experi- 
ment, and (3) in-space experiments. The systems analysis area will 
focus on, the identification of high-leverage technologies for future 
space missions. 

The CSTI program will focus on technology development in pro- 
pulsion, vehicle concepts, information systems, large structures and 
control, power, and automation and robotics. 

The CSTI propulsion program includes earth-to-orbit (ET01 and 
booster technology. Research on ET0 propulsion will be expanded 
to assure a mid-1990 capability to enable development of reusable, 
high-performance, liquid oxygen/hydrogen, and highdensity fuel 
propulsion systems for next-generation space transportation vehi- 
cles beyond shuttle. A booster technology program will develop the 
options for both pressure-fed liquid rocket propulsion and large- 
scale hybrid (solid propellant with liquid oxygen) s stems. For vehi- 
cle technology, analytical and wind tunnel researcg on aerobraking 
and aeromaneuvering will be expanded to include the design, de- 

velopment, and flight of an aeroassist flight experiment (AFE). The 
AFE will be conducted by delivering a highly instrumented aero- 
brake configuration to earth orbit with the shuttle, accelerating 
the vehicle propulsively into the atmosphere at geosynchronous 
entry velocity, performing the atmospheric drag braking maneuver, 
and skipping back to low earth orbit for shuttle recovery. The in- 
formation science program is focused on sensor devices for earth 
and astrophysical observations in spectral bands where present 
measurements cannot be made. The program also will build an o p  
tical disk buffer breadboard and demonstrate unique computer ar- 
chitectures for processing high-speed and large-volume radar and 
imaging sensing data. These computer capabilities will exploit ap- 
plicable Department of Defense (DOD) and commercial processor 
technology to enable the effective management of the exponential 
growth of data from future science missions. 

In large structures and control, the control of flexible structures 
(COFS) program will emphasize development of the first and 
second flight configurations and definition of the third configura- 
tion. A new element, precision segmented reflector technology, will 
be conducted in parallel. It will be directed at validating design 
concepts for lightweight composite, multisegment, precision reflec- 
tors. This technology program will include structural concepts for 
segmented surfaces, assembly methods, advanced material develop- 
ment and characterization, and control methods for multisegment- 
ed surfaces leading to tests of a seven-element subassembly. In the 
CSTI power program, enhancement of the highcapacity, higheffi- 
ciency, thermal-to-electric power conversion program will acceler- 
ate the development of components and subsystems for a ground 
test of the conversion systems to verify efficiency and life potential. 
The CSTI program in automation and robotics will build on the on- 
going program directed at spacecraft and platform systems to de- 
velop and apply expert systems technology to prelaunch and in- 
space transportation operations. 

RESEARCH AND TECHNOLOGY BASE 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

8 2  

Estimated fiscal 
year 1987 

Aerothermodynamics research and technolo gy... 
Space energy conversion research and technol- 

Space data and communications research and 
technology ............................................................... I 

Information sciences research and technolo gy.... 
Controls and guidance research and technol- 

ogy ............................................................................ 
Human factors research and technology .............. 
Space flight research and technology .................... 
Systems analysis .................................. ...................... 

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

$11,400,000 

20,400,000 21,000,000 

18,900,000 

13,600,000 10,200,000 

7,500,000 
2,300,000 

22,200,000 6,100,000 
____ 

133,600,000 

fiscal Authorization year 1988 

$11,100,000 

14,600,000 
14,500,000 

17,900,000 

8,900,000 
8,000,000 

6.300.000 
4;900:000 

6.500.000 
23,200,000 

115,900,000 



0 1  
" 1  

Aerothermodynamics Research and Technology 
Future aerospace vehicles, such as aeroassist orbit transfer vehi- 

cles (AOTV), the aero-space plane, and hypersonic cruise and ma- 
neuver vehicles, must be capable of sustained hypervelocity flight 
in rarefied atmospheres. The design of these vehicles presents some 
formidab!e performzrxe predictinn challenges. To meet these chal- 
lenges, the aerothermodynamics program is pursuing the following 
objectives: (1) development of advanced numerical algorithms for 
the who!e range of continuum, transi~iqnal,,,a~d_ raFefied flow re- 
ames; (ZJ development 01 accuraie ana ueiaiieu ii~ii~e-Iaie dieiiiij- 
try and turbulent flow models; (3) establishment of benchmark 
quality, experimental data for code validationlverification; (4) cor- 
relation of calcuiations with ground and flight (shuttle orbiter ex- 
periments) experimental data; ( 5 )  establishment of a detailed aer- 
othermal loads data base and development of integrated analysis 
techniques; and (6) provision of integrated aerospace vehicle design 
and analysis capability to support future vehicle/mission require- 
ments. 

For the continuum flow regime, significant progress recently has 
been made for three-dimensional viscous flows about hypersonic 
flight vehicles. An upwind differenced viscous flow code was devel- 
oped for slender, winged flight vehicles and demonstrated for Mach 
numbers up to 25. This code provides the base for the analysis and 
prediction of aerodynamic and aerothermodynamic flows about 
transatmospheric vehicles. Additionally, a three-dimensional vis- 
cous flow code was developed and demonstrated for blunt aeroassist 
vehicles. The code was used to analyze the flow and heat transfer 
to the base region of the aeroassist flight experiment (AFE) vehicle 
under simulated reentry conditions where it was determined that 
flow reattachment in the base region caused localized high heating 
areas. 

For rarefied flow regimes, the direct simulation Monte Carlo 
(DSMC) technique continues under development to better under- 
stand and model complex flow problems as represented by the 
interaction of vehicle airframe, ambient rarefied atmosphere, pro- 
pulsion system exhaust, and material outgassing. Recently complet- 
ed modification to the DSMC computer codes allows for the model- 
ing of nonequilibrium thermodynamics under rarefied conditions. 
This improvement enables the prediction of nonequilibrium heat- 
ing to aeroassist and planetary return vehicles operating at high 
speeds a t  high altitudes. The DSMC technique has been used to ex- 
plain the shuttle glow phenomena experienced on shuttle flights. 
STS-3, -4, and -5.  Excellent qualitative agreement between the 
DSMC calculations and flight data supports the hypothesis that the 
glow is due to collisionally excited molecules (Nz) from the free 
stream and not to surface contamination effects. 

Computational chemistry, in which the chemical and physical 
propcrtics of ~.--tt-r ore computed from first nrinrinle,q r- - - - - - r  ~ - - r  i s  making 
significant contributions to the fundamental understanding of the 
chemical and physical processes that occur in the low-density shock 
layer gases that surround the airframes of high-altitude high-speed 
vehicles. In FY 1987, the exact productlon mechanism of excited 
molecular species by electron impact was established through a p  

plication of first principle calculations. It is now understood that 
these excited molecular species are the principal source of nonequi- 
librium radiation expected to dominate AOTV designs. 

The development of a fully integrated fluid-thermal-structural 
analysis technique is essential to permit proper vehicle structural 
design while avoiding the tendency to overdesigr?, -.x.lhic.lh cz:: rcs.;!t 
in significant mass/volume penalties In FY 1987, the program 
achieved a significant milestone with the unique demonstration of 
a single calculation which successfully coupled fluid dynamics, 
bllcjl a l l a i  a i l d i y ~ ~ * ,  aid a i l  uciurai response for shock-induced iocai- 
ized high heating on a simulated scramjet engine strut. 

Continued emphasis will be placed on developing computer codes 
capable of simulating external flows relevant to aerospace trans- 
portation systems and on providing analysis and design capability 
with respect to aerodynamic and aerothermodynamic loads. 
Toward this end, in FY 1988, chemical nonequilibrium real-gas 
models will be incorporated into the viscous, three-dimensional, 
continuum flow codes for blunt bodies, allowing for accurate predic- 
tion/simulation of the high-altitude high-velocity thermal environ- 
ment encountered by aeroassist orbit transfer vehicles during at- 
mospheric maneuvers. In addition, real gas equilibrium thermody- 
namic properties will be incorporated into the slender hypersonic 
winged vehicle viscous flow codes to enable accurate high Mach 
number, moderate altitude flight conditions to be simulated. These 
codes will then be utilized to analyze the thermal environment en- 
countered by transatmospheric vehicles during both ascent and re- 
entry flight. 

Software will be developed in FY 1988 to enable establishment of 
a readily accessible national data base for the storage of aerody- 
namic and aerothermodynamic data. Existing and newly acquired 
ground- and flight-test results will be incorporated into this data 
base. This will provide the validated technology required to rapidly 
evaluate future conceptual aerospace vehicle configurations. The 
experimental data base for verifying the predictive capability of 
the fluid-thermal-structural analysis technique will be completed in 
FY 1988. Predictions will be compared to data obtained both at  
Langley Research Center (Mach 6.318-foot high temperature 
tunnel) and at  CalSpan (Mach 6.3 to 18). 

In FY 1988, the reliability of the nonequilibrium flow radiation 
models that have been developed for the direct simulation Monte 
Carlo method will be established. This will be accomplished by 
comparing the calculated results with available laboratory and 
flight data. 

Additionally, benchmark hypersonic experiments will be carried 
out in FY 1988 in the newly reactivated 3.5-foot tunnel from Mach 
7 to 12 in order to establish an accurate data set with which hyper- 
sonic winged-body flow codes can be validated. These tests will pro- 
vide the first comprehensive data for. a generic but realistic hyper- 
sonic configuration that can be easily modeled by recently devel- 
oped computational codes. 
Space Energy Conversion Research and Technology 

The objectives of this program are to explore concepts and com- 
ponents to improve the performance, lifetime, and cost effective- 
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n- and to reduce the size and weight of power and life support 
systems for large manned space systems, small earth-orbiting and 
plvetary exploration spacecraft, and other ambitious future space 
missions. 

In FY 1986, two significant advances in photovoltaic cell technol- 
ogy were achieved. A gallium arsenide (GaAs) solar cell demon- 
strated over 23- rcent efficiency when exposed to a 100-to-1 solar 
concentration o z i r  mass zero (AMO) spectrum at 25 degrees centi- 
grade. This is the highest performance yet achieved for a space 
photovoltaic cell, and, when combined with data indicating that 
GaAs de ades from radiation damage less than half as much as 
silicon, t f k  shows the near-term potential for a considerable de- 
crease in solar array areas. An indium phosphide (InP) cell with an 
efficiency of 14.2-percent AM0 was demonstrated and shows poten- 
tial for considerably higher efficiencies. These cells also have dem- 
onstrated a substantial improvement in ability to maintain effi- 
ciences in a radiation environment relative to either silicon or gal- 
lium arsenide. Because some spacecraft operate for extended peri- 
ods in regions of high natural radiation, the ability to achieve rela- 
tively high efficiencies with good resistence to damage by radiation 
is more important than just high efficiency. An advanced photovol- 
taic array design was completed which demonstrated an array 
power-bweight ratio in excess of 130 watts per kilogram, and e 
technology demonstration contract was awarded. This would be 
over a twofold increase in the power-to-weight ratio of 60 watts/ 
kilogram demonstrated in the shuttle array experiment as recently 
as late 1984. Doubling of the power-to-weight ratio of photovoltaic 
power systems will provide additional scientific capability on 
weight-limited geosynchronous and planetary spacecraft. Integrat- 
ed pressure vessel (IPV) nickel-hydrogen batteries with energy den- 
sities two times those of conventional nickel-cadmium batteries 
achieved cycle life in excess of 20,000 hours a t  80 percent depth of 
discharge, leading to their selection as the electrical energy storage 
device for the initial operating configuration (100 Space Station. 

In the power management and distribution area, a facility was 
put on line for the evaulation of newly developed high-power (100 
kilowatts) 20-kilohertz electrical components, such as transformers, 
capacitors, transmission lines, and radiation-hardened high-temper- 
ature electronics. 

As part of the space nuclear power research effort, the largest 
free-piston Stirling engine ever built demonstrated 22.5KWe, which 
is over 90 percent of full design power. The free-piston Stirling 
engine, in conjunction with a linear alternator, offers the potential 
to provide high efficiency and long life. The testing of the Stirling 
engine developed a valuable data base from which design codes 
were updated and validated. Deep impurity double-injection (DI) 
silicon devices have been shown to exhibit insigificant electrical 
degradation after gigarad level irradiations 100 times that tolerat- 
ed by conventional silicon devices. These devices also exhibit a 
high-temperature stability a t  temperatures twice those of conven- 
tional silicon devices. Dramatic improvements in both the funda- 
mental understanding and the demonstrated lifetimes were made 
in the porous molybdenum electrodes used in the alkali metal ther- 
moelectric coverter (AMTEC). AMTEC is a thermally regenerative 

electrochemical conversion device, which is both static and modu- 
lar and which has had experimentally measured efficiencies. An 
important first step was made in the development of technology for 
highefficiency liquiddroplet and liquid-belt radiator concepts by 
demonstrating continuous generation of uniform droplets with low 
vapor pressure fluids. High-strength graphite fiber-reinforced 
copper matrix composites, which have the potential to substitute 
for beryllium in radiator panels, have been fabricated and tested. A 
low-power reusable organic iodide laser has been successfully oper- 
ated to demonstrate power transmission a t  power levels commensu- 
rate with those achievable with a solar concentrating parabolic 
dish. 

Prior to FY 1988, the space energy conversion program had the 
broad focus of addressing the technology needs of all advanced 
space applications. In FY 1988, a systems program in high-capacity 
nuclear power will be established as part of the new CSTI program. 
Nuclear technologics needed to meet the high-capacity power sys- 
tems requirements for evolutionary space station(s1, lunar and 
planetary bases, and for high-power demand electric propulsion 
systems will be developed in this program. The N 1988 space 
energy conversion research and technology program will develop 
concepts and component technologies that will: (1) dramatically 
reduce the weight of relatively low-power spacecraft power sys- 
tems; (2) enable substantial reduction in the size and weight of 
high-capacity, nonnuclear power systems; and (3) increase the 
degree of closure, reduce power requirements, and increase the life 
of environmental control and life support systems. 

For photovoltaic spacecraft power systems technologies, the goal 
is to improve the total system performance enough to permit a 50- 
percent increase in payload weight. Techniques for increasing the 
purity of indium phosphide crystals will be investigated and are ex- 
pected to yield indium phosphide cells with a 30-percent improve- 
ment in efficiency relative to current indium phosphide cells, while 
maintaining a high resistence to radiation damage. Experimental 
efforts, started in FY 1987, to improve doping techniques for amor- 
phous silicon materials will be continued in FY 1988. Amorphous 
silicon can be produced in very thin sheets, and consequently, very 
lightweight photovoltaic materials could be produced if planned ef- 
forts to improve the efficiency and life are successful. In FY 1988, 
testing of a spacecraft silicon photovoltaic array with a power-to- 
weight ratio of 130 watts per kilogram (more than twice the cur- 
rent state of the art) will be completed. Experimental studies to un- 
derstand the life-limiting mechanism of electrode erosion in very 
high energy density lithium batteries will continue. Finally, new 
ways of intergrating components with lightweight structures into a 
long-life, low-weight, reliable, and efficient solar power system will 
be demonstrated. Work initiated in FY 1987 on a small reactor 
spacecraft power system will continue in FY 1988. Dynamic conver- 
sion concepts and high-temperature rare-earth chalcogenides and 
boron carbide thermoelectric materials suitable for use with a 
small, lighweight, reactor power system will be evaluated to estab- 
lish their current-producing capability as a function of temperature 
ratio. Design and materials development efforts for high-strength 



metal matrices, lightweight heat pipes, and radiation-hardened 
electronic components will be continued. 

Technologies being pursued to improve the performance of high 
capacity power systems (greater than 50 kWe) include advanced 
solar dynamics, photovoltaic concentrator arrays, and high capacity 
batteries. In FY 1988, a compact Stirling engine, with a high-tem- 
perature, heat pipe heater head suitable for use with a solar con- 
centrator, wiii be fabricated and performance testing will be initi- 
ated. Efforts to design high-performance solar concentrators, in- 
cluding new concepts such as prismatic designs, will continue. 
I echniques to reduce thermal distortions And nff-pointing !L)EEPS in 
concentrator photovoltaic systems will continue, as will efforts to 
develop very high efficiency (greater than 30 percent! photovoltaic 
cells for operation at  concentration ratios greater than 100. In the 
energy storage area, long-life, very high energy density batteries 
such as bipolar nickel-hydrogen batteries are being developed. 

In the life support area, work will continue on the development 
of hollow fiber membranes as a low energy approach to humidity 
condensate removal. Performance testing of reverse osmosis/hvper- 
fiitration technology for wash-water recovery will be initiated as an 
alternative to the energy intensive phase change technology. The 
development of a basic technology associated with supercritical 
water oxidation, which would permit further closure of the life sup- 
port loop hy recovery of firpanic wzstes, will be continued and feasi- 
bility tests initiated. 
Propu Is  ion Research and Tech no logy 

The objective of the Propulsion Research and Technology pro- 
gram is to establish a base of design concspts and analytical tools 
that will allow the design and development of advanced propulsion 
systems with the known performance, life, and operational charac- 
teristics essential for next generation space transportation systems. 
This base will also reduce the risk of costly, unanticipated design 
deficiencies and schedule delays during the development and certi- 
fication of flight hardware. Specific objectives include developing a 
sound understanding and broad base of knowledge in the area of 
resuable engine component life prediction and extension; improv- 
ing high-pressure ignition/combustion performance, stability, heat 
transfer, and cooling models; developing unique, nonintrusive diag- 
nostic sensors fob use in interactive engine condition monitoring/ 
control systems; establishing an understanding of the chemical and 
physical processes associated with very high-performance, low- 
thrust propulsion systems, as well as developing corrosion-resistant 
high-temperature materials necessary for achieving extremely long 
life and reliability; and evaluating potential breakthrough propul- 
sion concepts and related research and technology issues that could 
lead to quantum leaps in future propulsion capabilities. 

For life prediction/extension, the effort has been primary direct- 
ed toward the turbomachinery to understand and analytically sim- 

jected. The program includes developing techniques for reducing 
the severity of those environments by analytically simulating them 
and determining configuration changes that will reduce thermal 
and mechanicai loads resulting from the environments. Advanced 
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design concepts that can provide greatly increased fatigue life are 
also being developed. Advanced materials and coatings which will 
contribute to the reduction of thermal transients to aid in increas- 
ing life expectancy of turbomachinery components and systems are 
also in the program. A rotordynamics model has been develo ed for 
investigating design changes, such as dampers on Space 8huttle 
main engine (SSME) rotors for alleviating vibration and for study- 
ing interactions and i-esiikiiig failtile IIL~C~I~II~SIII. A bearing rnodei 
has been completed which has enabled the analytical determina- 
tion of SSME bearing problems. This model has revealed that in 
addition to wearing problems, thermal loading has also contributed 
to failure mechanisms. Thus, analytical designs, using various con- 
tact angles in conjunction with new and augmented cooling tech- 
niques, are being investigated. Damping seal analytical models 
nave ied to the design of new concepts and will be evaiuated in the 
size and speed range of interest for the SSME using a unique test 
facility. Advanced computational fluid mechanics techniques are 
being used to define the flow of hot gases through the turbine 
blades and to define the resultant thermal and mechanical stresses 
UII iiie biadas. Tiit: results of such anaylses wili provide inputs to 
structural analysss as well. Probabilistic structural analysis theo- 
ries Lave been developed and are being used by both NASA and 
industry to predict the fatigue life of highly stressed blades. Such 
models for turbopump blades are operational and are currently 
being validated. Advanced single-crystal blade materials and im- 
proved design concepts show that ap roximately 80 percent higher 
strength may be attainable using ttese new techniques as com- 
pared to current materials. 

Experimental data for high-pressure combustion stability and 
heat transfer has been obtained for liquid oxygen (LOX)/methane 
and LOX/propane in both subscale main combustor hardware and 
in turbine-drive gas generators and is being used to update analyti- 
cal models developed for low-pressure operating conditions. Studies 
of the incompatibility of hydrocarbon fuels with copper alloys (com- 
bustor materials) have been initiated. 

Optical diagnostic sensors for measuring bearing wear, turbine 
blade temperature, and shaft speeds have been successfully demon- 
strated in the laboratory and are scheduled for verification testing 
on the technology testbed engine. Nonintrusive cryogenic flow 
meters and hot gas temperature sensors are currently being evalu- 
ated in laboratory tests. 

Auxiliary, or low-thrust propulsion technology, is aimed at im- 
proving our capabilities in electrothermal thrusters; arcjets; ion 
thrusters; small gaseous oxygen/gaseous hydrogen motors; and 
long-life efficient, storable propellant motors. Successful firings of 
three 25- to 50-pound thrust hydrogen/oxygen motors were accom- 
plished for a total burning time of approximately 32 hours. Suc- 
cessful firings of a thin-walled rhenium chamber with storable bi- 
propellants in which the chamber temperature stabilized at  over 
4300 degrees Fahrenheit occurred. More efficient combustion re- 
salted, giving a 10-percent increase in performance, a significant 
amount for planetary spacecraft which may be over 50-percent pro- 
pellant by weight. In electric propulsion, a platinum-alloy resistojet 
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the Space Station. On the basis of these tests, the resistojet has 
been selected for the Space Station drag make-up, and this will uti- 
lize waste that otherwise would have to be returned to earth. Small 
arcjets are now starting and operating smoothly, and specific im- 
pulses of over 700 seconds have been delivered with storable propel- 
lants. This is more than double the performance of current systems 
for controlling satellites. Ion thruster progress includes the tripling 
of the thrust levels a t  a given size and the successful computer op 
eration of a two-thruster system to investigate component interac- 
tions. 

Advanced propulsion studies continue to investigate promising 
concepts beyond today’s capabilities. The potential of such ad- 
vanced concepts as antimatter and fusion plasma is being consid- 
ered, as well as nearer term concepts, such as on-site production 
and use of propellants on the moon and planets. Magnetoplasma- 
dynamic (MPD) testing has been advanced by the development of a 
capability to operate thrusters for extended durations at relatively 
low power. Forty-minute tests were performed with thrusters a t  20- 
kilowatt levels, giving the first extended operational experience 
with MPD units. Performance was promising, and higher power 
testing is planned. 

In FY 1988, some of the propulsion research program on LOX/ 
hydrogen and LOX/hydrocarbon research concerning analysis 
methods and components experiments formerly in the research and 
technslogy base program will become part of the CSTI program in 
earth-to-orbit propulsion. Fundamental efforts in reusable engine 
research and technology, which are aimed at  establishing the tech- 
nology base for component life extension and prediction, will con- 
tinue in the research and technology base program. Bearing model 
verification testing (utilizing an advanced cryogenic-fluid lubricated 
bearing tester) will be nearing completion, and previously devel- 
oped analytical techniques will be used to initiate the design and 
fabrication of advanced, longer life, rolling-element bearing con- 
cepts. Computational fluid dynamic analyses will continue to be 
used to define and improve internal engine hot gas flows and re- 
sulting aerothermodynamic loads. The full-scale testbed facility,, ap- 
propriately instrumented, will be used to validate the probabilistic 
structural analyses theories that have been developed in this pro- 
gram. Diagnostic sensors will be developed, with emphasis on sen- 
sors that will be able to detect fatigue life degradation of compo- 
nent parts and on the remote sensing of leak detection. Both types 
will be used in the SSME testbed. An optical bearing deflectometer 
will be used to detect bearing failures, and an optical pyrometer 
will be used to measure blade temperatures and temperature pro- 
files across a blade. Isotope wear detectors will be used to measure 
radiation loss in bearings which can be correlated to the amount of 
wear in the bearing. 

The orbit transfer propulsion technology program will provide 
the design and analysis tools for the future design and develop 
ment of a reusable, space-based, high-performance, throttleable, 
oxygen/hydrogen expander cycle engine. Ribs will be provided on 
hot gas side walls and fins will be included in coolant channels 
thus providing more surface area and a resultant increase in heat 
transfer rates. Highefficiency, variable-flow turbomachinery en- 
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hancements will be achieved through the investigation of losses in 
the pump, diffusing losses in the crossover passages, and seal tech- 
nology to reduce recirculation losses. An understanding of flow 
processes in high-expansion-ratio nozzles will be developed so that 
the contributions of viscous and kinetic losses in the boundary 
layer can be accounted for. Such losses will be measured using both 
probes and schieleren photography methods. To promote life ex- 
pectancy in very small high-speed rotating machinery, hydrostati- 
cally-supported bearing systems and the rotor dynamics of such 
bearings will be investigated, as will hydrodynamic lift seals to pro- 
mote increased life with less contact. High-strength combustor 
liner materials capable of transferring very high ratios of heat 
transfer will be developed using rapid solidification rate powder 
metallurgy technology. Such materials have the potential for 
unique properties in strength and conductivity with improved, low- 
cycle fatigue life. Diagnostic sensors will be developed to provide 
the basis for integrated condition monitoring/engine control sys- 
tems leading to automated, fault-tolerant flight operations and be- 
tween-flight head-off inspection, servicing, and checkout. One po- 
tential sensor could consist of a spectrometer used to analyze ex- 
haust gas plumes to search for the existence of microscopic materi- 
als and other component material which will provide information 
about possible malfunctioning of the turbomachinery and/or allow 
for appropriate conditioning of engine operating parameters as re- 
quired. Other sensors will be developed which can determine the 
condition of the thrust chamber materials and detect cracks prior 
to the development of catastrophic failure modes. Advanced eddy- 
current probes will be investigated to allow for monitoring wear 
and misalignment in turbomachinery system. 

For auxiliary and low-thrust propulsion, the design of a high- 
temperature storable bipropellant thruster will be established and 
life tests performed to verify its candidacy for planetary missions. 
Small hydrogen/oxygen thruster designs to increase performance 
versatility over a wider fuel/oxidizer range will be evaluated. Re- 
sistojet and arcjet efforts will be aimed a t  improving materials and 
developing understanding of the complex internal flow conditions 
to improve lifetime and specific impulse. Ion propulsion work will 
be directed a t  simplifying the design while increasing the thrust- 
per-unit area, characterizing inert gas propellants, and studying 
component interactions through system tests. Advanced concept 
work with MPD thrusters will be at  power levels up to 100 kilo- 
watts for extended periods to understand, model, and minimize 
cathode erosion. Advanced concept studies will continue with the 
objective of identifying promising areas and establishing experi- 
ments necessary to prove their potential. 
Materials and Structures Research and Technology 

The objective of the Materials and Structures Research and 
Technology program is to provide technology that will allow the de- 
velopment of future spacecraft, large-area space structures, and ad- 
vanced space transportation systems with significant improvements 
in performance, efficiency, dural lity, and economy. Major techni- 
cal areas of emphasis in materials include fundamental under- 
standing of the properties and behavior of advanced space materi- 
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als; characterization of longduration space environmental effects 
on materials; development of computational chemistry for predict- 
ing the fundamental properties of materials and their interaction 
with the space environment; and the development of ceramic, me- 
tallic, and advance carbon-carbon thermal protection systems. 
Structures technology focuses on the development of erectable and 
dep!=j.ob!e structurz! concepts: efficient and reliable methods for 
erection/deployment, monitoring, maintenance, and repair of space 
structures; new structural and cryogenic tank concepts for ad- 
vanced earth-toorbit rockets, hypersonic vehicles, and orbital 
transfer vehicies; and eEcierii aiiiilysis iiieth& fci d d g n  2nd 
evaluation of advanced space structures, including integrated struc- 
ture/controls analysis and design optimization. 

Materials research concentrates on fundamental materials sci- 
ence and the development of space durable materials. Emphasis is 
placed on the basic understanding of the nature and behavior of 
advanced polymeric, metallic and ceramic composites; nondestruc- 
tive evaluation and testing methods; effect of the space environ- 
ment, such as thermal cyc!ing, ztomic oxygen, radiation; and high 
energy particles on materials; the development of dimensionally 
stable materials resistant to the space environment and debris 
impact. Examples of recent major accomplishments include the 
achievment of an equivalent 30 years’ damage accumulation of 
electron exposure on graphite-epoxy composites using accelerated 
test methods, performance verification of aluminum-coated graph- 
iteepoxy tubes under thermal cycling loads, prediction of surface- 
gas interaction effects and spontaneous ignition temperature for 
hydrogen on nickel, an enhanced understanding of the effect on 
processing and crystallinity of high-temperature thermoplastics. 

The structures program continues to focus on the development of 
advanced space structural concepts and dynamics of flexible struc- 
tures. Research in the advanced space structural concepts area in- 
cludes the development of erectable and deployable conce ts and 
design technology for large-area space structures, validatef multi- 
disciplinary analysis and optimization methodology for large-area 
space structures, and design and analysis methods for advanced 
space mechanisms. Recent major advances in the structural con- 
cepts program include an integrated interdisciplinary optimization 
procedure successfully applied to a 55-meter generic antenna 
design; space construction methods for erectable large space struc- 
ture, successfully demonstrated by the assembly concept for con- 
struction of an erectable structure (ACCESS) flight experiment per- 
formed on shuttle mission 61-B; an integrated multidisciplinary 
study for the Space Station structured design, which resulted in 
the selection of the Smeter bay size; and a comprehensive Space 
Shuttle solid rocket motor joint analysis and the development of an 
alternate joint design for the solid rocket motor case. 

Research on the dynamics of flexible structures emphasizes the 
development of advanced system identification technology, analyti- 
cal methodology for predicting coupled dynamics of iarge rlexibie 
space structures, validated active and passive vibration damping of 
large space structures, and efficient and reliable techniques for 
gioiiiid testing of !arge space structures. Mejor recent accomplish- 
ments in this area include active damping of flexible structures 

using piezoelectric devices, prediction of vibration frequencies for 
large flexible structures with nonlinear joint behavior, demonstrat- 
ed methodology for assessing on-orbit structural damage, and com- 
pletion of comprehensive study which defined the ground-based test 
facility requirements for large space structures. 

Work in the aerothermal materials and structures technology 
area continues to focus on the development of advanced, efficient, 
thermostructural and thermal management concepts for future 
space transportation systems and hypersonic vehicles; an integrat- 
ed fluid-thermal-structural analysis methodology and aerothermal 

using metallic, ceramic and advanced carbon-carbon materials. 
Recent progress includes the development of new “hard hat” ther- 
ms! protection ti!tts, a demonstrated three-dimensional woven sili- 
con-carbide reusable thermal insulation blanket concept suitable 
for aeroassist orbit transfer vehicle applications, and verified pre- 
diction of the combined fluid-thermal-structural analysis code using 
benchmark high-temperature wind tunnel data. 

The hypersnnics program proceeds with the development of effi- 
cient, durable, and lightweight materials and structural concepts 
for applicat,ions at  both high and Cryogenic temperatures; materials 
and thermal structural concepts for airbreathing launch and sus- 
tained hypersonic cruise vehicles; and analysis and testing methods 
for advanced structural ~otizepis evaluation and validation. An ad- 
vanced, efficient, lightweight, and reusable cryogenic tank concept 
has been developed which incorporated a recently developed high- 
temperature foam insulation system. 

In FY 1988, the materials program will continue to focus on the 
effect of the space environment on structural materials for space- 
craft, large-area space structures, advanced space transportation 
systems, and orbital transfer vehicles; development of lightweight, 
impact-resistant, environmentally durable, and thermally and di- 
mensionally stable composite materials and protective coatings; 
and test methods for nondestructive evaluation of ceramic flaw de- 
tection and strength characterization. Strong emphasis will contin- 
ue in computational chemistry. Research will be focused on the 
prediction of atomic oxygen and radiation effects on space materi- 
als through a fundamental understanding of physical properties of 
atomic clusters and gadatom interactions, such as between atomic 
oxygen and hydrocarbon molecules. This focused effort will be co- 
ordinated with the ongoing activity in computational chemistry de- 
scribed under aerothermodynamics research and technology where 
the focus is on the dynamics of rarefied gas flows. 

In FY 1988, research to develop and verify lightweight erectable 
and deployable structural concepts, including modification and 
repair technology for large-area space structures and for large 
high-precision antennas and reflectors with high-dimensional sta- 
bility, will continue as a major thrust. Development of mobile ma- 
nipulator systems for ef’flcient construction will be evaluated by 
ground test. Three-dimenaior~ai riiucialii~g aiid siiiiii:atioii of a m& 
tijointed, flrxihle, 20-meter beam will be performed to establish the 
technology base for the control of dynamic response predictions. 
The activity will concentrate on analytical methods to predict 
model characteristics, transient response, and deflection behavior. 
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Active and passive damping methodology will be developed to 
reduce unwanted structural vibration during space operation. Par- 
ticular emphasis this year will be on innovative active structural 
damping methodology. Novel piezoelectric devices will be developed 
and embedded into structural components to obtain the needed 
damping forces. The associated control law algorithms will be gen- 
erated and experimentally verified using simulated large space 
structures. 

In support of advanced space transportation systems, research to 
develop an advanced integrated fluid-thermal-structural analysis 
capability will continue in FY 1988 with focus on generic configura- 
tions to allow for the development of highly efficient, reliable hot 
structures for hypervelocity flight. Concurrent with this activity, 
innovative concepts for extremely lightweight structures utilizing 
advanced foil gage joining techniques will be explored. Develop- 
ment of advanced processing, including weaving techniques and 
coating procedures for carbon-carbon composites for stable long-life 
structures, will be investigated. 

In FY 1988, the dynamics of large space structures effort will be 
conducted under the large structures and control of the CSTI pro- 
gram. 
Space Data and Communications Research and Technology 

The Space Data and Communications Research and Technology 
program is directed toward developing the advanced ability to con- 
trol, process, store, manipulate, and communicate spacederived 
mission data and enabling new communications concepts. 

The objective of the data systems research is to provide the on- 
board computing technology needed for new classes of data systems 
that will enable and make affordable future NASA missions with 
challenging computing requirements. The work is concentrating on 
system-level development. These systems are largely based upon 
existing or newly emerging components and integrated circuits. A 
multiple processor computer using very high speed integrated cir- 
cuits has been assembled and is now being combined with NASA 
high-reliability and fault-tolerant architectures and software. This 
unit is being evaluated as a candidate for space applications. Other 
work, with longer term objectives, is underway to produce a com- 
plete computer using gallium arsenide technology for the first 
time. Gallium arsenide components have the potential of replacing 
the existing silicon technology devices because of the increased 
speed and improved radiation tolerance. New architectures are 
being developed with the objective of providing dramatic increases 
in performance and reliability. Increased emphasis is being placed 
on enhancing software reliability while also reducing the cost. 

The communications technology effort is directed toward main- 
taining and ensuring the US. preeminence in satellite communica- 
tions and providing the necessary technology to enable future reli- 
able data communication links for ultra-high data generation rate 
dependent missions, such as the earth observation satellite, the 
large deployable reflector, and the Mars rover. Fundamental mate- 
rials research has led to high-emission current longlife reservoir 
cathodes. These cathodes will have applications in high-frequency/ 
high-power tubes for space communications and high-frequency 

submillimeter backward oscillators for remote sensing. Other mate- 
rials research has led to a technique to apply a pyrolitic graphite 
coating to a copper electrode in a multistage depressed collector. 
This technique has extended the efficiency of traveling wave tubes 
by producing a surface with extremely low secondary electron 
emission properties. A digital filter processor, integrated on a sili- 
con chip, has been developed which replaces the cumbersome and 
unreliable series-parallel tracking loop capacitors found in past 
transponders. It will provide numerical control of the voltage con- 
trolled oscillator frequency by command, is radiation hard, and is a 
generic technology which can provide other functions such as auto- 
matic signal acquisition and ranging. The mathematics have been 
developed to yield the necessary information for correcting a 
phased-array antenna feed for distortion in the reflector given a 
random distribution of measurements of the far-field antenna pat- 
tern. An Intelsat 24-phased array horn feed has been obtained for 
experiments on the 15-meter hoop column antenna to investigate 
the correction of the far-field pattern of a distorted reflector by re- 
configuring the phase and amplitude of the feed. This technology 
will allow for less active control of the large structure antennas. A 
30-gigahertz integrated gallium arsenide receiver module, which 
provides the basic receiver functions such as low noise amplifica- 
tion, phase shifting, down conversion, intermediate frequency am- 
plification, and output power control, has been fabricated. The next 
generation of communications will employ laser optics. Efforts 
under way have indicated that it may be possible to have a two- 
dimensional surface emitting semiconductor diode laser array. 
Each individual laser beam may be individually controlled in both 
amplitude and phase, making it theoretically possible to electroni- 
cally steer the laser beam like that of a microwave phased-array 
antenna. Research is continuing on an artificially layered solid- 
state device with a built-in staircase electric potential which may 
enable a solid-state device with the equivalent properties of a pho- 
tomultiplier tube, but without the associated reliability problems. 
The device will find immediate application as a receiver for optical 
communication links. 

Prior to FY 1988, the Space Data and Communications Research 
and Technology program had the broad focus of sddressing the 
technology needs of all advanced applications. In FY 1988, a sys- 
tems program in information technology will be established as part 
of the new CSTI program. Technologies needed to meet the high- 
rate/capacity data requirements for the earth observing system, 
large deployable reflector, evolutionary space station, and future 
missions will be developed in that program. The remaining space 
data research and technology program will emphasize general pur- 
pose, fault-tolerant computing. All space communications research 
and technology will remain in this research and technology base 
program. 

In FY 1988, work will continue toward development of onboard 
processors that provide the combinations of performance, weight, 
power, and very high reliability needed for future NASA missions. 
The developmental computer, using very high-speed integrated cir- 
cuits, will continue to be used to evaluate the performance of those 
circuits in combination with new architectural and software con- 

8 8  



cepts. Elements of this work could benefit upcoming missions: such 
as the Space Station and earth observing system. The development 
of gallium arsenide-based computers will continue to be aimed at 
more advanced computers for missions and payloads further in the 
future. The evaluation of data flow architectures will move from 
the study and design phases into testing. Work using simulation to 
design and evaluate alternative intercomputer communications a p  
proaches will continue. Work to provide high-capacity onboard data 
links using very fast and multichannel fiber optic approaches will 
continue. Chip level development will be conducted in very specific 
areas, such as communications channel coding, data compression 

not being met by products from industry. Work initiated in FY 
1987 to develop an erasable associative memory will be continued. 
Work will be initiated on theoretical exploration of the use of opti- 
cal processing technology in conjunction with the ongoing research. 
The 14-inch space-qualifiable optical disk recorder, together with 
parallel real-time optical processing technology, will be included in 

,,..a --a;"t:-.. t-i----t ...:--.. ---------- ...I.--- ~ T A ~ A I -  --.>- 
Iuulu..IvII u V l r l ~ ~ ~ ~  I L A L ~ L V ~ A V C L . D O U I D  w u c i c  ~ ' ~ n u -  3 iireua i3i.e 

the CSTI program. 
5 FY 1988. because of advances in dxhjLthonraohv. the Do&- 

bility of micro-fabricating slow wave Eircuits wzh 'application to 
field emission cathodes will be tested. Advantages include low- 
beam voltage and low-power consumption with one-watt output. 
Part of the monolithic microwave integrated circuit effort will be 
focused on Ka-band integrated gallium arsenide transmitters for 
eventual upgrade of the deep space communications network. Also, 
experiments will be done to enable the development of an efficient 
32-gigahertz traveling wave tube. The Intelsat 24-reconfigurable 
horn feed and a 20-gigahertz integrated microwave feed will be 
tested on the 15-meter Langley Research Center hoopcolumn an- 
tenna in an appropriate near-field .antenna pattern measurement 
facility. The mathematical concept of reconfiguring the phase and 
amplitude of the feed to compensate for distortions in the reflector 
surface will be experimentally tested. Also, the mathematical con- 
cept of nonuniform sampling of the far-field will be experimentally 
tested. Research will begin to develop a monolithic gallium arse- 
nide module which will provide an interface for an optical-fiber 
carrying control network with performance goals of one gigabit of 
information, 16 parallel outputs, and 50 milliwatts power consump 
tion for receiver and control logic. 

Research will continue on laser summing techniques to sum the 
power from multiple individual devices to increase the total trans- 
mitted power, flexibility, and reliabi!ity of semiconductor diode 
lasers for deep space and planetary optical communications appli- 
cations. This will enable the laser sources, beam diagnostics, track- 
ing, and imaging and steering optics to be tested singly or in a 
system environment. For deep communications, power is impor- 
tant. Experimental work will begin on a semiconductor laser diode 
end pumped neodymium yttrium iron garnet laser as a pnssihle 
source. For low earth applications, the semiconductor laser diode 
phased array will be demonstrated with a single-lobed far-field pat- 
tern while remaining at  high power and high modulation rates. 

;n,&ul muiiun Sciences Research and Technology 

The objectives of the Information Sciences Research and Technol- 
ogy program are to discover advanced concepts, techniques, and 
system algorithms and to invent architectures, hardware devices 
and components, and software in order to enable viable and pro- 
ductive space information systems. 

In computer science, the selection of Ada as the chosen program- 
ming language for Space Station has provided a focal point for the 
development of improved techniques to develop and manage large- 
scale software projects. A new set of software management tools, 

have been developed to theorize and produce requirements and 
assist managers in the control of software projects. Findings from 
software management research are now the topic of a NASA-spon- 
sored annual workshop. Algorithms for concurrent processors have 
been developed to efficiently deal with the general problem of effi- 
cient allocation of tasks to the individual processors in multiproces- 
sor systems. Research in data base logic has resulted in improved 
tools to allow scientific investigators to access space-derived data 
that is stored in various forms at various locations in the country. 
The Center for Aeronautics and Space Information Sciences at 
Stanford University continues to identify telescience as a focal 
point for the fundamental work in computing. 

In the sensor technology program, major advances have been 
made through NASA-sponsored research a t  industrial, academic, 
and NASA laboratories in titanium-doped sapphire as a viable can- 
didate laser material for active remote sensing. In particular, the 
anomalous self-absorption losses seen in these crystals have been 
discovered to be caused by impurities in the material. Subsequent 
crystal growth has been successfully tailored to rectify this prob- 
lem. 

In the detector device area, a direct read-out 58x62-pixel antimo- 
ny-doped silicon array has been successfully tested in the impor- 
tant scientific wavelength region of 24 to 31 micrometers. 

In the area of devices for heterodyne detection in the far infrared 
portion of the spectrum, a mercurycadmium-telluride alloy fre- 
quency mixer has been successfully built a t  28 micrometers in 
wavelength with possibilities for extension out to 118 micrometers. 
In addition, preliminary experiments on a superconducting-insulat- 
ing-superconducting junction employing a new material, niobium 
nitride, show promise as a mixer at 500 gigahertz and above in fre- 
quency. 

In the area of sensor materials research, a new artificial materi- 
al, an indium arsenide/indium-gallium arsenide strained layer su- 
perlattice, which shows promise as a new candidate material for 
sensing, has been grown for the first time in the world by molecu- 
lar beam epitaxy at the Jet  Propulsion Laboratory. 

Prior to FY 1988, the Information Sciences Research and Tech- 
iidogj pi-ogi-afii :id the head I'OCUS ul' addressing the iechnoiogy 
needs of all advanced space applications. In FY 1988, a systems 
program in information technology will be established as part of 
the new CSTI program. Technologies needed to meet. the science 
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sensor requirements of the earth observing system and large de- 
ployable refector will be developed in this program. 

A reduction in the FY 1968 budget from that of FY 1987 reflects 
the fact that portions of the submillimeter passive sensing pro- 
gram, together with portions of the active sensing program, have 
been incorporated in the information section of the CSTI program. 
All computer science research will remain in this program. 

In computer science, major emphasis is being placed on software 
engineering research leading toward improved techniques and tools 
to produce, document, and manage large and complex tasks for de- 
velopment of highly reliable software. NASA software development 
will continue to be coordinated with comparable Department of De- 
fense (DOD) work via the DOD software technology for adaptable 
reliable systems program and the DOD Software Engineering Insti- 
tute. The pioneering use of the Ada programming language on 
Space Station will include improvements in the language and its 
associated support environment. Research to provide a common 
tool to access a variety of scientific data bases will move from dem- 
onstrations with homogeneous data bases to demonstrations with 
heterogeneous data bases. Work will continue in the development 
of algorithms to use the unique capabilities of the NASA-developed 
massively parallel processor to solve space-related problems, such 
as defection of stars and galaxies in images, Ocean dynamics model- 
ing, and space plasma simulation. The Center for Aeronautics and 
Space Information Sciences at  Stanford University will continue as 
a center of excellence in aerospace computing, conducting funda- 
mental research and educating students in concurrent processing, 
networking, information managment, and large-scale system archi- 
tecture. 

In the sensors technology area, work will continue in active 
remote sensing on the problems associated with making lasers 
space qualifiable. This includes increasing the number of shots over 
the total lifetime of the laser to a t  least 100 million,,tuning the 
laser to the frequencies of scientific importance, getting enough 
energy in the laser pulse, and assuring the frequency purity of the 
pulse. Associated technologies, such as semiconductor diode laser 
arrays for pumping laser amplifiers and materials research, will 
continue. Solid-state technology for pumping lasers with semicon- 
ductor laser diode arrays will be included in the CSTI program. 

In passive remote sensing, heterodyne detection is the method of 
choice for spectroscopic measurement applications in the submilli- 
meter portion of the electromagnetic spectrum. Devices research in 
frequency sources and mixers in the submillimeter region will be 
pursued. The advanced coherent detector concepts, including revo- 
lutionary heterodyne arrays, which will enable both spatial and 
spectral instrument resolution, will be included in the CSTI pro- 
gram together with advanced tube oscillator concepts. The area of 
the growth of artificial layered structures by means of molecular 
beam epitaxy shows great promise for providing materials for de- 
tectors and mixers in the near- and far-infrared portion of the elec- 
tromagnetic spectrum. Methods will be investigated for growing 
electro-optic materials on silicon in order to integrate the detecting 
and electronic on one chip, thereby reducing unwanted electronic 
noise. New materials will be investigated for extending the re- 

sponse of detectors out into the far infrared and upper portions of 
the submillimeter region for space-based background-limited astro- 
nomical observations. 
Controls and Guidance Research and Technology 

The Controls and Guidance Research and Technology program 
goals are to generate the practical design methods and techniques 
required to enable precise pointing and stabilization for future 
NASA spacecraft and payloads; to maintain precise structural 
shape control for highly flexible large space systems; and to guide, 
navigate, and control advanced space transportation vehicles. Em- 
phasis is being placed in two areas: (1) advancing the methodology 
of combining both ground-based testing and future space-based test- 
ing with modern control theory to validate advanced flexible-body 
modeling techniques and control laws; and (2) providing advanced 
guidance, navigation, and control algorithms combined with real- 
time fault-tolerant distributed control architectures and validation 
and reliability tools. 

Recent program accomplishments include the successful perform- 
ance of distributed active control algorithms in the spacecraft con- 
trol laboratory experiment program. These results are important in 
defining the active controls experiments for the 60-meter control of 
flexible structures experiment and the three-dimensional antenna 
flight experiment currently under definition. These successful 
ground tests and subsequent flight validation experiments will also 
be important to implementing the NASA-planned pinhole occulter 
and mobile communications satellite ventures and will supply valu- 
able control algorithms for large flexible astrophysical reflector 
telescopes. Refined system identification techniques have been de- 
veloped which can accurately determine, on orbit, the vibration 
modes in large space systems, such as growth space station. A pre- 
cision position measurement sensor useful in determining the 
shape of large antennas and other large space systems has success- 
fully demonstrated millimeter accuracy in a multitarget ranging 
test. Advanced guidance and navigation concepts and flight experi- 
ments were generated supporting a wide range of aeromaneuvering 
orbital transfer vehicles. Also, in the transportation system vehicle 
controls area, the initial advanced information processing system 
architecture was demonstration. It provides reliable, long-life, low- 
cost controls capability for a wide spectrum of transportation vehi- 
cles, including the aerobraking orbital transfer vehicle, Shuttle 11, 
and the heavy lift launch vehicle. 

In FY 1988, all controls research that directly supports the con- 
trol of flexible structures experiment has been transferred to the 
large structures and controls section of the CSTI program. 

FY 1988 controls and guidance research and technology activities 
will continue theoretical exploration of modern control theory 
methods associated with both system identification and distributed 
and adaptive control. The goal is to identify and develop promising 
advanced control concepts for future large space systems. The 
unique piezoelectric payload mounting and isolation device, useful 
for eliminating Space Station induced instrument motions, will be 
carried to the breadboard stage. A three-dimensional millimeter ac- 
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curacy shape and motion sensor will demonstrate combined range 
and lateral displacement functions. 

For advanced transportation systems, theoretical research will be 
carried out to provide guidance and navigation algorithms for aero- 
maneuvering vehicles undergoing skip trajectories, synergistic 
plane changes. and precise landings involving large down-range 
dilu L i  uau- i  a i~gc  L ~ ~ ~ u I I A L ~ .  I IKUI r ~ ~ a i  appi Uidiiias I'ur adapiive 
guidance, navigation, and control algorithms and software will be 
developed for next generation earth-to-orbit transportation vehicles 
to enable lower cost and higher efficiency launch operations. Inte- 
grated function solid-state optical processing chips will be tested in 
the fiber-optic rotation sensor testbed, to provide transportation ve- 
hicles and interplanetary spacecraft with iong iife and highly reli- 
able navigation devices. To meet extremely demanding future 
transportation vehicle mission requirements, the advanced infor- 
mation processing system control architecture will be developed 
and experimentally validated in the avionics integration research 
laboratory. Prevalidation performance and reliability tools and 
methodology will be developed. Guidance, navigation, and control 
flight experiments will be defined and analyzed for the proposed 
aeromaneuvering vehicle flight experiments. 
Human Factors Research and Technology 

The objective of the space Human Factors Research and Technol- 
ogy program is to provide the technology base for productivity, effi- 
ciency, and safety in increasingly complex manned space oper- 
ations, including the Space Station and a potential National Aero- 
Space Plane. The research is focused on crewstation design and 
productivity enhancements for extravehicular activity (EVA). The 
objective of the crewstation design effort is to determine the re- 
quirements for effective interfaces between human operators and 
advanced automation. This issue has become very challenging due 
to the increasing levels of machine intelligence and autonomy 
sought by system designers. Instead of performing low-level sensor 
integration and determining actuator positions, the human opera- 
tor is becoming a supervisor of intelligent systems. Thus, a major 
goal of the crewstation research and technology program is to 
ensure effective information transfer between the system and the 
operator, which is fundamental to the operation of highly automat- 
ed systems. Increased EVA capability can be achieved by develop 
ing high-pressure suits and gloves which are comfortable, durable, 
and maintainable on orbit and by introducing EVA electronic in- 
formation displays which provide flexibility and rapid information 
access. 

Research in FY 1987 emphasized crew workstation design and a 
focused effort in EVA suits and displays. A comprehensive set of 
human factors guidelines that are specific to NASA's missions were 
developed and will be distributed to Space Station contractors in 
FY 1987. Prototype workstation mockups have been fabricated, and 
more detailed and functional ones are being built. These facilities 
are supporting rapid prototyping, in which advanced research con- 

tions, and comment by users. 
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Research on the wide field-of-view stereo display, called the vir- 
tual visual environment display IVIVED), last year formed the 
basis of the virtual workstation project in F Y  1987. This worksta- 
tion is a major leap beyond current human-computer interfaces, 
since it allows computer-generated graphics and text to be dis- 
played anywhere in the user's workspace. This greatly improves in- 
Forniaiion iransfer in appiicaLions, requiring ihe user LO be spatiai- 
ly oriented relative to the displayed information, such as in telero- 
botics monitoring and control. Currently, higher resolution, liquid 
crystal displays and cathode ray tubes are being integrated into the 
design. Improved support electronics have been fabricated which 
will allow replications and improve reliability. Application-specific 
spatiai data bases and under deveiopment. 

Expert system interfaces is a key area of study since the level of 
interaction is far higher than in traditional systems. In these more 
intelligent systems, communication is in terms of goals, intentions, 
and problem-solving, rather than in terms of knobs, dials, and a 
few numerical parameters. Several teams of leading designers in 
XiASA, industry, and universities are cooperating to develop the 
paradigms on which this kind of system should be built. The payoff 
will be rapid and accurate decision-making in highly complex auto- 
mated systems, even as the total number of operators is reduced. 
Expert system interfaces. which incorporate graphical information, 
improved explanation capability, and enhanced reasoning, are 
being built for experimental evaluation. 

Since EVA is physically demanding, it is important to under- 
stand the strength and motion capabilities of humans in zero-gravi- 
ty conditions. This informaiton is essential to guide the design of' 
EVA tools, suits, and gloves. Progress in FY 1987 includes the de- 
velopment of quantitative models of strength and motion, and 
these are being combined with powerful computer graphics tools 
for use by designers. Software improvements are enabling scientists 
to combine graphical and physical data. Preliminary strength ex- 
periments in zero gravity have been accomplished in aircraft flying 
parabolic arcs. Strength measurement equipment for later shuttle 
flights is being developed. 

Display hardware has been developed for demonstration and 
evaluation of helmet-mounted information displays in EVA space 
suits. This display will greatly add to flexibility in presenting mis- 
sion-critical information to EVA astronauts. The current alterna- 
tive is a book of information mounted on the astronaut's arm, 
whose content must be finalized well before the mission. A helmet 
display would not only add real-time update capability but would 
also enable substantial improvement in the display of system 
status of the suit, life support, and manned maneuvering unit. Two 
prototypes have been completed. One uses state-of-the-art helmet- 
mounted display technology and is designed for intergration with 
current space helmets. The second uses advanced wide-angle optics 
and  i q  i i s ~ d  fnr more f2r-term studies of torm.ats ZEC! eper~tiena! 
uses. 

Two high-pressure hard space suits have been constructed and 
pressure tested. As a result of this accomplishment, considerable 
interest has been shown by Space Station designers. Further work 
on the gloves is in progress, since it is critical that gloves be flexi- 



ble a t  high pressure and not interfere with astronaut manual per- 
formance. On-orbit experiments indicated severe problems with 
manual work and, because of this, among other reasons, the Space 
Station has been redesigned to reduce EVA requirements. Im- 
proved EVA systems are being studied so that later space systems 
are not similarly constrained. 

Workstations for proximity operations will be evaluated. The vir- 
tual workstation will undergo hardware integration and display u p  
grade. A demonstration of the virtual workstation in telerobotic a p  
plications is planned for FY 1988. Expert systems studies will focus 
on specific subsystems and users. Subsystem specialists, software 
designers, and cognitive psychologists will work together to analyze 
the key features of an expert system interface needed to support 
the user. Graphical strength and motion models of EVA astronauts 
will be refined to include mass, inertia, and other physical proper- 
ties. The models will also be used to evaluate such intravehicular 
activities as the change-out of modular racks in Space Station. 
Testing of the hard EVA space suit will be conducted in weightless 
environment test facilities (neutral buoyancy water tanks). Glove 
design will receive particular attention in the area of materials 
and manufacturing processes. EVA helmet displays will be evaluat- 
ed for use, and a summary report on the status of this effort and 
further technology needs will be written. Format research based on 
head-up display studies by aeronautical human factors researchers 
will be conducted. 

The productivity of humans in space is critically important to 
the success of NASA’s missions, and an increase of the space 
human factors research and technology base is planned in FY 1988. 
As part of the planning for this augmentation, NASA and the Na- 
tional Research Council (NRC) of the National Academy of Sci- 
ences will conduct a space human factors symposium in FY 1987 
which will bring together leaders of industry, government, and aca- 
demia in order to survey human factors research which would most 
likely benefit NASA’s manned space goals. The Space Human Fac- 
tors Research and Technology program will integrate the NRC 
guidance with NASA’s strategic plan to determine the additional 
FY 1988 research activities which will enable NASA’s visionary 
missions. Key elements will include: (1) supervisory control of au- 
tonomous space systems (e.g., rovers, orbital transfer vehicles, and 
life support subsystems); (2) teamwork and interaction between au- 
tomation/robots and humans; and (3) automation-augumented 
human physical and intellectual capability. 
Space Flight Research and Technology 

The objective of this program is to provide researchquality flight 
data supportive of ground-based research and technology efforts for 
the development and operation of future space systems. This objec- 
tive is accomplished through the utilization of current and future 
space facilities such as in-space research laboratories. Data ob- 
tained from this effort support the development and verification of 
analytical theories and verification of ground facility performance, 
test methods, and techniques. This program encompasses the 
design, development and flight test of experiments and the develop- 
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ment of special purpose, reusable, flight research facilities for use 
in space. 

The cryogenic fluid management flight experiment will provide 
the basic understanding of the storage, acquisition, and transfer of 
cryogenic fluids in zero gravity. This technology is critical to design 
of future cryogenically fueled orbital transfer vehicles (OTV) and 
for the on-orbit supply and resupply of cryogens to both spacecraft 
and platforms. In FY 1987, procurements were initiated for compo- 
nent development of liquid hyrogen flowmeters and valves and gas- 
eous hydrogen/gaseous helium flowmeters and pressure regulators. 
In addition, analytical models were developed and/or refined to 
provide the design data base for the heat and mass transfer during 
nonvented fluid transfer and understanding of low-gravity fluid be- 
havior. 

Under the orbiter experiments program, first flight was complet- 
ed for three key aerodynamic and aerothermodynamic experi- 
ments. Significant contributions were made to the aero/aerother- 
modynamic data base, although anomalies occurred during experi- 
ment operations which reduced the planned data return. Subse- 
quently, the causes of these anomalies have been determined and 
modifications or repairs have been or are  in the process of being 
made in preparation for an additional five flights upon resumption 
of the orbiter flight schedule. The orbital acceleration research ex- 
periment, which will provide a better understanding of vehicle 
aerodynamics and aerothermodynamics in both the molecular arid 
continuum flow regimes, as well as expand the data base for orbital 
drag predictions, has completed critical design review and is in 
process of hardware fabrication. Fabrication of flight test panels 
for the advance thermal protection system experiments was com- 
pleted, and certification of test materials initiated. This experiment 
will provide actual flight data on durable, high-performance mate- 
rial concepts which could become candidates for future aerospace 
vehicles. 

The outreach program, to provide leadership and funding sup- 
port to the aerospace industry and university communities to 
better utilize the potential of space for technology development, 
was initiated in FY 1986. The solicitation and selection of experi- 
ments will be completed during FY 1987, followed by the initiation 
of experiment definition/development activities. 

The development of a space technology experiments platform 
(STEP) initiated in FY 1985 was continued in FY 1986 with the fab- 
rication of mission peculiar hardware and the completion of the 
preliminary design of the required avionics element. STEP is con- 
figured to accommodate a wide variety of space experiments in the 
microgravity and low disturbance environment of space over broad 
thermal excursions. Functionally, STEP, as a reusable payload s u p  
port system and standard shuttle interface, will provide a cost-ef- 
fective means for routinely conducting a variety of shuttle unique 
in-space experiments. In FY 1987, a critical design review was con- 
ducted on the avionics elements for STEP; fabrication and testing 
of a quarter platform was completed; and a pyrotechnic separation 
system was developed. 

The capillary pump loop experiment, successfully flown in Janu- 
ary 1986, provided systems and component research data for future 



development of two-phase heat-pipe systems. The results of this ex- 
periment lend confidence to the potential for the early application 
of two-phase technology to Space Station and future spacecraft. 
The long-duration exposure facility awaits retrieval by the shuttle 
and subsequent data analysis. The LIDAR in-space technology ex- 
periment, to evaluate the capability of making measurements of 
aerosols and other atmospheric parameters from a spaceborne plat- 
faiiii, has cuiiipieied preiiminary design review. Aiso, the ion auxii- 
iary propalsion system remains in flight-ready status for flight on 
an Air Force satellite. Fabrication and flight certification have 
been completed on the heat-pipe radiator experiment which i s  
awaiting an early shuttle flight. In FY 1987, efforts focused on the 
identification and definition of new space experiments required for 
the enhancement or enablement of future space endeavors was ini- 
tiated. These experiments are being defined for the Shuttle or the 
future Space Station. 

In FY 1988, under the orbiter experiments program, key aerody- 
namic, aerothermodynamic, and thermal protection system experi- 
ments will resume flights for completion of the previo:sly planned 
&-flight series for these experiments. Eariy fiscal year activities 
will be in preparation for these flights, including completion of ma- 
terial sample fabrication flight certification and instrument instal- 
lation int6the orbiter. 

In FY 1988. Dreliminarv design activities will be initiated with 
concept design 'planned f& completion in mid-year and a design 
review scheduled for FY 1989. Ground-based tests to support com- 
ponent development and analytical models development will con- 
tinue. 

The outreach program, initiated in FY 1987 to expand flight op- 
portunities to the industry and the university communities, will 
continue with experiment definition/development activities. 

The LIDAR in-space technology experiment effort will include 
the critical design review of the instrument, followed by the initi- 
ation of hardware development in preparation for a planned 1991 
flight. 
Systems Analysis 

The objectives of the Systems Analysis program are to: (1) con- 
duct systems analyses to  identify technology requirements for 
spacecraft systems, space transportation systems, and large space 
systems for the national space program; (2) integrate these require- 
ments into a comprehensive technology plan; and (3) provide data 
to establish the ability to develop these technologies in a timely 
manner. Close coordination with NASA flight program offices and 
other users is maintained to ensure proper prioritization of ena- 
bling and high-leverage technologies. 

Spacecraft systems analysis is concentrated in four science and 
application areas: astrophysics, earth science, communications, and 
solar system exploration. In FY 1987, the critical technology trade- 
offs for the large deployable reflector and the Perth &serving 
system have been completed, and the results will be transitioned 
into the discipline technology programs. In earth science, a series 
of studies will be initiated to understand the critical technplogies 
associated xith geoiiyiiihioiioiia earth science observations. n com- 

prehensive series of studies on the technologies required for a Mars 
surface sample return mission will be continued. Emphasis will be 
on the detailed technologies required for robotic sample collection, 
including the robotic mobility system and the alternatives for elec- 
trical power. A Mars rover workshop was held to stimulate detailed 
analysis of rover requirements with respect to the current state of 
the art and future directions of the automation and robotics pro- 
gram. Working through the spacecraft 2000 government/industry 
steering group, a joint strategic plan was developed for future 
spacecraft technology development and transition into specific mis- 
sions and app!ications. 

The space transportation systems analyses are focused in three 
areas: advanced earth-to-orbit (ETO) vehicles, aeroassist orbit 
transfer vehicles (AOTV), and advanced space transportation sys- 
tems conceptual design and analysis methods. More specifically, 
the FY 1987 studiedanalyses focus on the generic architecture 
from the ongoing space transportation architecture studies (STAS). 
The earth-to-orbit (ETO) studies include the technology to support 
a second generation fully reusable manned vehicle (Shuttle ID, an 
advanced heavy-lift launch vehicle, and very advanced (post-2010) 
future space transportation systems. The ET0 studies also include 
the definition of nonintrusive flight instrumentation and measure- 
ments applicable across the speed range during ascent and entry of 
an ET0 vehicle. Shuttle I1 efforts will identify and prioritize ena- 
bling and high-leverage technologies required for a transportation 
vehicle that operates between earth and the Space Station for logis- 
tics, crew change-out, up and down payloads, and, in some cases, 
platform and satellite servicing. Liquid oxygen/hydrocarbon (LOXI 
HC) engines/vehicle integration and design studies include the 
impact on reusable transportation vehicle performance and cost. 
The use of LOX/HC engines, which require very high density pro- 
pellants and thus significantly smaller propellant tanks, has the 
potential for large reductions in dry weight and in cost per pound 
of payload to orbit. AOTV technology and environment studies are 
continuing in FY 1987 but are concentrated on cislunar transporta- 
tion systems-in particular, on the identification of the class or 
classes of AOTV's that will be required to operate between lunar 
orbit and low earth orbit (LEO). The analyses emphasize perform- 
ance, reusability, and space basing. These studies are consistent 
with the renewed interest in lunar and planetary colonization and 
mining. Finally, conceptual design and analysis methods are being 
developed to conduct required trade studies in a most efficient and 
cost-effective manner. This involves the update and development of 
the necessary analytical and numerical tools including the comput- 
er-aided engineering software and the technology and cost data 
base. 

In the area of large space systems, both manned and unmanned, 
the focus of the analysis program is on technology for evolutionary 
space stations and the space infrastructure that they will support. 

tions for designing a lunar base with emphasis on power systems 
and habitat facilities. Also, the definition of support hardware nec- 
essary to use the Space Station for in-space research and technolo- 
gy experiments will be completed. 

;?na!ysis act>v-i&; -,vi!! c o ~ t i n l ; ~  to exar,ifie the te;hfiologjj inipliia- 



9 4  

' Estimated fiscal 
year 1987 

In FY 1987, three specific activity study areas will be continued 
in the large space Systems Analysis program: (1) systems analysis 
methods; (2) future space systems, including the evolutionary space 
station/infrastructure, large unmanned platforms, and a manned 
lunar base; and (3) in-space research, technology, and engineering 
planning. The objective of the systems analysis methods is to devel- 
op and maintain advanced analytic simulation/emulation comput- 
er-based capabilities for determining the operational characteristics 
of large space systems, predicting nominal and worst-case failure 
modes, and identifying critical system/subsystem interfaces. The 
objective of the second activity area, future space systems, is to ad- 
dress mission and system requirements and to identify their associ- 
ated technology needs and trends. Specifically, efforts will continue 
for developing generic space system models to permit the conduct 
of sensitivity trade studies incorporating advanced technology con- 
cepts and options. Additional tasks will investigate advanced power 
system technology for evolutionary space stations and a lunar base, 
low-gravity structures for the moon, propellant and oxygen produc- 
tion from lunar oxides and Martian permafrost and atmosphere, 
and food production and enhanced human capability for extended 
space missions. The activities in the third area are associated with 
developing a sound technical basis for conducting in-space research 
and technology ex eriments using the Space Station as a laborate 
ry facility. This F!' 1987 activity includes the preliminary defini- 
tion of experiment support equipment for an aggressive in-space 
experiments program across the spectrum of such technical areas 
as fluids, power, environmental effects, and structures and control. 

In FY 1988, the Mars rover studies will be completed, and em- 
phasis will be redirected toward an outer planet science station 
study. Within the astrophysics focus, activities will center on the 
technology requirements for interferometric observatories across a 
range of wavelengths. The definition study of a space flight testbed 
for validating government and industry technology development 
will be completed. Work will be initiated to synthesize the analyti- 
cal techniques developed for past studies into a general purpose 
spacecraft systems analysis capability. 

The transportation systems analysis effort in FY 1988 will con- 
tinue the definition of key areas for technology growth in orbit 
transfer vehicles and advanced systems for delivery of payloads to 
low earth orbit. The analyses will focus on concepts and technology 
requirements for a lunar orbit transfer vehicle, a heavy-lift launch 
vehicle, and the shuttle replacement. The continued development 
of design and analysis tools and the technology base for advanced 
transportation vehicles will enable the development of economical 
space systems in the future. 

In large space systems, the transition of the systems analysis 
focus from the initial Space Station to an expanded mission per- 
spective, including evolutionary space stations, lunar bases, and 
long duration manned space trips, will be effected. The primary 
thrust of the extended perspective is to ensure that the research 
and technology base program is structured to enable and support 
the needs of these missions in the future. Additionally, the FY 1988 
program will continue to include planning for the use of the Space 
Station as a facility to support research and technology. 

Authorization 
fwal year 1988 

SYSTEMS AND TECHNOLOGY BASE 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

............. Chemical propulsion systems technology 
Space flight systems technology 
Automation and robotics 

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

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

0 
0 
0 
0 

$8,100,000 
11,300,000 
18,000,000 

37,400,000 



Space Flight Systems Technology 
The objective of the control of flexible structures (COFS) program 

is to provide experimental validation of analytical methods for pre- 
dicting coupled structural dynamics and controls response for com- 
plex multibody space structures with flexible components, inter- 
faces, and dissipative mechanisms. 

In order to meet the requirements of the program, a comprehen- 
sive research activity which inciudes anaiyiicai nleiiiuds :evelop- 
ment, ground-based testing, and in-space experiments was initiated 
in 1985 to provide a focus for control structures interactive technol- 
GG. .&.E i~-spnce expriment p r o r a m  is planned, building progres- 
sively from modeling and dynamic characterization of large space 
structures to more complex flexible-body interactive controls/struc- 
ture issues. The approach provides for structural dynamic function- 
al complexity in a baseline configuration that has fundamental fre- 
quencies below one hertz, complex nonlinear joint effects, structur- 
al dynamic/control sytems interactions, and inherent low structur- 
al damping effects. This test article will be tailored to validate dis- 
cipline research objectives addressing the major concerns of large 
space system spacecraft, independent of any specific configurations 
ultimately chosen for new missions. The first flight article, COFS I, 
a large 60-meter deployable/stowable structure (termed Mast) will 
be dynamically tested in space cantilevered from the shuttle. The 
second flight article, COFS 11, is a Mast with a three-dimensional 
appendage to study the structural dynamics and controls of large, 
flexible, spacecraft configurations. 

This program is incorporated in the CSTI program in FY 1988. 
Automation and Robotics 

The objective of the Automation and Robotics program is to ex- 
ploit the potential of artificial intelligence and teierobotics to in- 
crease the capability, flexibility, and safety of space and ground op- 
erations while decreasing associated costs. In FY 1987, the prelimi- 
nary design and development of the telerobot demonstration facili- 
ty with a two-arm manipulator was completed, and a sequence of 
demonstrations for FY 1988 defined. The facility has a suspended 
spacecraft (Solar Max) which the robot will acquire, despin, and 
service, with two cooperating robot manipulator arms mounted on 
tracks to accomplish these tasks, and a third arm with a mounted 
television camera which supplies the vision for the robot system. In 
systems autonomy, a comprehensive plan was developed and the 
management structure put into place. A prototype knowledge base 
for a thermal control system (TCS) was demonstrated on a symbolic 
3640 computer, using the artificial intelligence (AI) development 
tools KEE and Simkit. Demonstrator targets include the, TCS; pre- 
launch ECS, power, and pneumatics; the Space Statlon power 
system; and the shuttle communication system. 

In the associated core research area, several outstanding achieve- 
ments were attained. In sensing and perception, an intermediate- 
level computer vision system caiieci PiFEX iprograrrliiiabk iriiage 
feature extractor) has been developed which can detect hardware 
edges and vertices. In the operator interface area, a six degree-of- 
fiedo= f~rce-reflecting contm!!er has been developed. In task 
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planning, an artificial intelligence planner has been developed 
which, given a set of goals and a knowledge base of relevant ac- 
tions, can generate a sequence of actions in a satellite's payload to 
implement those goals. Other accomplishments include rudirnenta- 
ry learning by the expert system planner deviser, telerobotic oper- 
ation of fuel transfer/strut node coupling, verification of the smart 
hand and force reflecting controller, and the development of a com- 
puter graphics display for that controller. 

In FY 1988, the automation and robotics program has been incor- 
porated into the CSTI program. 

CIVIL SPACE TECHNOLOGY INITIATIVE (CSTI) PROGRAM 
FISCAL YEARS 1987 AND 19x3 FUNDING LEVELS 

~~ I Estimated fiscal Authorization 
Year 1987 1 fiscal veal 19x8 

................................................................... I 
I 0 ~ $39,200,000 Propulsion , 

0 !5,000,000 I'ehicle ~ 

Information ..I 0 ! 17,400,000 

14,000,000 Power 1 1 25,700,000 Automation and robotics I 

0 ~ 134,100,000 

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

Large structures and control i 0 ~ 2P,800,000 ................................... 
........................................................................... 

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

Tota! ................................................................ j 

CSTI-Propulsion 
The objective of the CSTI Propulsion program is to develop and 

demonstrate, in full-scale component and system tests, main engine 
and booster propulsion technology which will enable the develop- 
ment of the next generation of earth-to-orbit vehicle. 

The earth-to-orbit propulsion technology program will verify the 
design and analysis tools developed with laboratory scale and subs- 
cale test hardware in the research and technology base program 
and demonstrate their performance under large-scale hot-fire 
engine environment. These validated analytical techniques will 
become the basis for the design and development of advanced, reus- 
able, high-performance earth-to-orbit propulsion systems. These 
design and analysis tools will be generalized to accommodate both 
hydrogen and high-density propellant engine systems for broad a p  
plication and operating conditions. Candidate propellant combina- 
tion include oxygen/hydrogen (at Space Shuttle main engine 
(SSME) and oxygen rich mixture ratios) oxygen/propane, oxygen/ 
RP-1, and oxygen/methane. The program initially includes the 
SSME testbed engine which will provide comprehensive operating 
data for the SSME and a large-scale liquid oxygen/hydrocarbon 
(LOX/HC) main chamber to explore stability limits associated with 
high-pressure operation. The testbed will also be used to verify the 

environment, incuding advanced bearings, hollow and single-crystal 
turbine blades, and diagnostic instrumentation. A LOX/HC re- 
search engine will be assembled for subsequent system-level testing 
of the gas-generator turbomachinery. 

r------------- norfnrmanro sf --.I arlvanrorl torhnnlnaxr "---.-----~J rnrnnnnontc --.---I- -.-I_ in -__ systep--!eve! 



9 6  

The booster technology program will develop technologies for al- 
ternate propulsion concepts for the Space Shuttle booster. Two 
types of systems are to be considered, solid-liquid hybrid boosters 
and pressure-fed bipropellant liquid boosters. Performance models 
will be generated and verified with data from a number of increas- 
ing size static firings. Thrust levels of up to a million pounds will 
be considered. A single system will be selected for large-scale dem- 
onstration of performance and the safe abort capability. 

In FY 1988, the CSTI propulsion program will include earth-to- 
orbit technology for both LOX/hydrogen and LOX/hydrocarbon 
propulsion systems. CSTI will also include LOX/hydrocarbon spe- 
cific technology tasks to verify high pressure ignition, combustion 
performance and stability, and heat transfer and cooling. The CSTI 
propulsion program incorporates some of the effort formerly in the 
research and technology base and the Chemical Propulsion Sys- 
tems Technology program. 

The LOX/HC effort will be focused on the design and fabrication 
of largescale (750,000-pound-thrust class) oxygen/hydrocarbon com- 
busto; hardware in preparation for conducting hot-fire tests to ac- 
cumulate experimental data to upgrade and finalize analytical 
models for combustion performance, stability, heat transfer, and 
cooling. Models and design concepts developed in the subscale re- 
search and technology base program will be used for the design of 
the largescale hardware. The overall objective of the program is to 
develop a set of generalized design and analytical tools that can be 
used for the design of advanced highdensity propellant engine sys- 
tems of any thrust class functioning under any desired set of oper- 
ating conditions. 

The SSME testbed effort will include the final assembly of the 
testbed en 'ne and the initial hotfire operations utilizing the newly 
activated &C test stand at  the Marshall Space Flight Center. The 
research-quality diagnostic instrumentation, including selected ad- 
vanced technology sensors, will be installed and calibrated. Ad- 
vanced technology components (turbine blades, dampers) will be 
prepared for installation for the second hot-fire test sequence. 

For the hybrid booster system, tasks include evaluating candi- 
date fuels, establishing burning characteristics and a propellant 
configuration, selecting an oxidizer pump concept, evaluating spray 
concepts, and establishing the mechanisms for a safe abort option. 
For pressure-fed liquid booster systems, tasks include propellant se- 
lection, combustion stability characterization, pressurization sys- 
tems, design, nozzle size and number optimization, and structual 
design and material evaluation. 
CSTI- Vehicle 

The aeroassist flight experiment (AFE) will investigate the criti- 
cal vehicle design and environmental technologies applicable to the 
design of an aeroassisted orbital transfer vehicle (AOTV). The tech- 
nology areas that will benefit from the AFE are categorized into 
environmental and vehicle design technologies. The environmental 
technologies include nonequilibrium heating (radiative and convec- 
tive), wall catalysis, and real gas aerodynamics. Vehicle design 
technologies involve thermal protection materials, structural loads, 
avionics, and guidance and control. Design technologies are strong- 

ly influenced by the variations associated with the upper atmos- 
phere. 

In FY 1987, preliminary advanced development activities were 
completed under the Space Flight Research and Technology pro- 
gram in preparation for initiation of the final design and long-lead 
hardware procurements in FY 1988. Also a ground-based testing 
program was conducted in support of the definition and design ef- 
forts to establish the aerodynamic and aerothermodynamic data 
base for the vehicle systems and mission design. Both arc-jet and 
wind-tunnel tests were performed in support of the instrumenta- 
tion layout for the aeroshell. Supported by the above tests, the de- 
velopment of analytical codes for the design of the AFE has been 
initiated. 

Development of the AFE will be initiated in FY 1988. Final sys- 
tems design and instrument design efforts will be initiated. 
Ground-based activities will be continued to support these design 
activities. Long-lead procurements will be initiated where required 
to meet the scheduled 1992 planned launch date and will include 
major hardware items, such as the propulsion system and the ther- 
mal protection tile for the aeroshell. Integration activities will be 
initiated to support the definition of shuttle interface require- 
ments, system and component certification requirements, and a 
preliminary assessment of flight operational requirements. 
CSTI-Information 

The objective of the information systems technology program is 
to discover and develop new materials, devices, and components in 
order to enable viable and productive detection, imaging, and stor- 
age systems for future space and planetary mission in the next cen- 
tury. 

The high rate/capacity data efforts are directed toward main- 
taining US. preeminence in collection and productive utilization of 
space-derived data. The work will enable a new generation of smart 
on board information systems that will increase the return of scien- 
tific information from space. The science sensor efforts concentrate 
on visual and infared scanning and imaging instruments and radar 
and optical surface mapping instruments. The utilization of both 
classes of instruments can be greatly improved by using onboard 
artificial intelligence to manage the instrument operation. Smart 
instruments could be taught to look for particular features or 
events and transmit only data of interest. 

The next revolutionary impact on instrumentation will be sub- 
millimeter detectors utilizing a heterodyne array for missions such 
as the large deployable reflector. This particular instrument con- 
cept will be able to accomplish both spectral and spatial imaging. 
Parts of the ongoing sensor technology base have been focused onto 
this problem, namely materials which can incorporate mixing 
arrays. In addition, a heterodyne frequency source with enough 
power to illuminate the entire array is needed. Ongoing work in 
novel backward oscillator tubes at the submillimeter frequency and 
with promise of ample power will continue to be focused from the 
ongoing base to this systems technology thrust area. Millimeter 
and submillimeter wave heterodyne radiometer frontends employ- 



ing planar antenna structure and quasi-optical coupling have been 
investigated. 

Research to enable active laser sensors is being conducted. Solid- 
state materials and pump device advances have contributed toward 
extending laser operational lifetimes. One approach transferred 
from the research and technology base is pumping the laser mate- 

sional semiconductor laser diode arrays with ample output power 
density. Materials studies into problems such as heat dissipation, 
frequency stability, and efficiency are in progress. In addition, a re- 
search effort is being initiated to develop subKelvin cooler technol- 
ogy to improve and extend infrared sensor performance and life. 

Onboard computing and optical disk memory technology ele- 
ments of the space data and communications program have been 
incorporated into the CSTI program in FY 1988 to focus on the 
high-ratelcapacity data requirements of future NASA missions. 
Submillimeter and laser sensor technology elements of the infor- 
mation science research and technology program have been incor- 
porated into the CSTI program in FY 1988 Lo focus on science tech- 
nology for earth observing system and large deployable reflector. 

Future onboard imaging instruments operating in the visual and 
infared regions that create images of much higher spatial and spec- 
tral resolution than those now in use are being developed. These 
instruments enable an exciting new scientific exploration capabil- 
ity. However, the bolume of raw data from these instruments will 
be enormous. Onboard processing work is targeted at  reducing the 
data by a factor of 1,000 with equivalent science return. Improve- 
ments in the usefil information from surface mapping instru- 
ments, such as s-mthetic aperture radars and light-detecting 
and ranging devices. will be obtained by using onboard processing. 
Remote sensing of s-irface features could be automatically config- 
ured for the scene (0-ean, mountains, ice fields, etc.) which would 
both increase information return and reduce the operations sup 
port staff needed on the ground. 

In the high-rate data area, work concentrates on the develop- 
ment of onboard processing techniques for surface mapping meas- 
urements and visual and infared scanning instruments. These in- 
struments share the common characteristic of being voluminous 
producers of data. Early work in the area of surface mapping will 
concentrate on elimination of data with no information content 
from the communications channel. Adaptive processes will be de- 
veloped so that data is collected only at  times and places of inter- 
est. In a iike manner, onboard processing of focal plane image data 
will delete unneeded information before transmission. This process- 
ing will be done in coordination with the scientific users of the 
data. There is work underway to demonstrate onboard processing 
techniques to automate the identification of surface minerals. 

The development of a 14-inch optical disk recorder that is space 
qualifiable continues. This provides the very large onboard storage 
needed to do onboard calculations that are based on historical com- 
parisons. The applications of the optical disk storage also extend 
into spacecraft automation where trend data must be stored. There 

area of pattern recognition for vision systems. 
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New devices will be developed to enable scientific observations in 
the submillimeter region of the electromagnetic spectrum. Tech- 
niques for making square (NxNJ mixing arrays using superconduct- 
ing-insulating-superconducting junctions will be investigated to- 
gether with quasi-optical methods for illuminating the device. In 
addition, the backward oscillator tube will be tested to determine 
whether it osciiiates in band and to measure output power. The 
NxN mixing array will necessitate inventing devices for doing an 
NxN signal analysis. Promising candidates such as a two-dimen- 
sional acousto-optic receiver will be investigated 

In laser remote sensing, research will be focused on developing 
critical technology to enable space-based light detection and rang- 
ing (LIDAR) capability to meet the science requirements of the 
earth observing system. Research into promising two- and three-di- 
mensional semiconductor laser diode arrays for maximum pumping 
efficiency will continue. In addition, methods for tuning the solid- 
state laser amplifiers into the science frequency regions of interest 
will continue. Technologies for a 1OJoule per pulse with a 10-pulse 
per second duty cycle and a 100-million-pulse lifetime carbon diox- 
ide laser to enable a doppler planetary and tropospheric wind field 
measurement instrument will be initiated. Studies include preioni- 
zation electrode and cavity optics degradation, gas recycling, and 
isot.opic operation. Active cooler technology to enable the earth ob- 
servational and astronomical missions requiring low instrument 
temperatures will be initated. Non-contact Stirling cycle mechani- 
cal refrigerators will be developed to provide cooling down to 45°K 
and adsorption coolers will be developed to provide sensor cooling 
to less than 1°K. 
CSTI-Large Structures and Control 

The objective of the Large Structures and Control program is to 
provide experimental validation of analytical methods for predict- 
ing coupled structural dynamics and controls response for complex 
multibody space structures with flexible components, interfaces, 
and dissipative mechanisms. As the agency initiates planning and 
implementation for large space systems (Space Station/platforms/ 
antennas), there are basic unknowns in the areas of structural dy- 
namics, controls, structural interaction, structural performances, 
and deployment dynamics which must be resolved in order to de- 
velop this new class of spacecraft with the assurance of meeting 
safety, performance, and cost goals. The size and flexibility of these 
systems require development of analysis and test methods and a 
space-based experiment activity addressing the key technology un- 
knowns through graduated testing of flexible elements. The re- 
search data base will allow the design and development of integrat- 
ed complex control systems and structural configurations for future 
generation large spacecraft. 

The control of flexible structures (COFS) program, a comprehen- 
sive research nct,ivity which include.: ana!ytic~! metheds develop- 
ment. ground-based testing, and in-space experiments, was initiated 
in FY 1985 to provide a focus for large structures and control tech- 
nology. The first flight article, COFS I, a large 60-meter depioya- 
uie/ siliowabie siruciure (termed i v i a s t j  wiii be dynamicaiiy tested in 
space cantilevered from the shuttle. In 1986, fabrication of the sub- 
L 1  , . I  



9 8  

systems of COFS I was initiated, and a conceptual design review 
was completed. In FY 1987, the preliminary and critical design re- 
views were completed, and development testing has been initiated 
on actuators and instrumentation required for the excitation, meas- 
urement, and control of the low-frequency modes of the Mast. The 
structural design characteristics, representative of large space 
structures, have been carefully integrated into a beam design for 
safe experimentation. An experiment requirements document has 
been completed which initiates the rigorous integration activities 
required to place an experiment onboard the shuttle. Also, in FY 
1987, the avionics subsystems were defined for a fault-tolerant 
flight control system and a high-volume data acquisition system. A 
guest investigator program was developed, and participants from 
several universities and industrial firms were selected for the 
COFS I in-space experiments. 

The second flight article, COFS 11, is a Mast with a three-dimen- 
sional appendage to study the structural dynamics and controls of 
large, flexible spacecraft configurations. Key technology elements 
include maneuver control, articulation, pointing, shape control, 
alignment, system identification, deployment dynamics and adapt- 
ive controls. In FY 1987, a project plan for COFS I1 was developed 
with rigorous involvement of industry, universities, and other gov- 
ernment agencies, and a competitive procurement process was 
started for the test hardware. A guest investigator program to le- 
verage the technology impact of the COFS I1 program was also ini- 
tiated. 

Further technology advancement required for the COFS program 
is included in the COFS I11 activity. The focus of COFS 111 is on the 
validation of control-structure interactive analysis and design 
methodology for multibody, flexible spacecraft, a step beyond space 
station. For COFS 111, a project plan was defined for analytical de- 
velopment for multibody dynamics and controls, ground test meth- 
ods and capabilities, and flight test to validate in space the analyti- 
cal methodology and ground-based experiments. 

The precision segmented reflectors (PSR) program will develop a 
large-size segmented reflector structure that is lightweight, low 
cost, thermally stable, and structurally stiff in order to meet strin- 
gent optical precision requirements and to develop an accurate 
system necessary for pointing, vibration, and wavefront figure con- 
trol. The overall system requirements for large precision segment- 
ed reflectors include large aperture for very faint astronomical sig- 
nals, narrow field of view to focus on single targets, minimal slow 
rate and structural dynamical response, and low radiation temper- 
ature environment. The required technology does not currently 
exist and must be developed systematically. 

Optical design, reflector materials, fabrication, and controls are 
essential technologies for precision segmented reflectors to be used 
in NASA’s space science missions. The stringent pointing and low 
jitter required for such systems, together with its optical figure pre- 
cision requirement, impose very challenging demands on sensing 
and control technology. Graphite-epoxy composites and metal-core 
structures need to be evaluated and developed as candidate materi- 
als. Precision replication of segments is essential. The primary re- 
flector structure is a driver in the overall systems design. Its mass, 

surface accuracy, and thermal behavior affect most of the other 
subsystems. Long-term dimensional stability, which includes mois- 
ture effects, microcracking, ultraviolet degradation, and active 
oxvgen erosion, will also be investigated. 

Prior to FY 1988, the COFS program was included in the space 
flight systems technology program, and the supporting structural 
dynamics and controls technologies were included in the research 
and technology base, materials and structures, and controls and 
guidance programs, respectively. Since the principal focus of the 
COFS program is to develop new design options for future genera- 
tions of large, flexible spacecraft, this program is included in the 
large structures and control area of the CSTI program. 

Ground-based elements initiated earlier will be continued in FY 
1988 for the COFS I and I1 structures. Analysis and ground-based 
experiments will focus on qualifying these in-space experiments for 
flight on the shuttle. Additional analysis and ground-based experi- 
ments will focus on expanding the newly developed technology for 
application to more complex multibody and three-dimensional 
structures. The delivery of the COFS I flight test article is sched- 
uled for 1989. The characteristics of the Mast truss-beam flight test 
article will be defined with an analytical model to be validated in 
the ground-based experiments and finally in the COFS I in-space 
experiments manifested for 1991-1992. 

In FY 1988, plans for a phased competitive procurement for the 
development of COFS I1 experimental configurations will be com- 
pleted. A related ground test program will be developed. Guest in- 
vestigators from universities and industry will be invited to partici- 
pate in the development of this technology. 

In FY 1988, the COFS 111 scaled-model analytical and ground- 
based studies will be focused on the Space Station initial operating 
configuration (IOC). The Space Station offers an inexpensive means 
of obtaining flight data as the components of the station IOC are 
assembled. Precise location and definition of required instrumenta- 
tion for the Space Station will be determined in COFS I11 scaled- 
model experiments, and a systematic mission plan to acquire struc- 
tural dynamics and control data on the assembly configurations of 
the Space Station IOC will be established. 

During FY 1988, research in the precision segmented reflectors 
program will focus on developing new concepts for very lightweight 
and dimensionally stable panels. Both erectable and deployable 
concepts will be considered along with mechanisms and control sys- 
tems for maintaining very accurate alignment and stability. Tests 
on advanced materials and fabrication methods will be conducted 
to support the selection of initial concepts and to define specific 
areas for advanced materials development to be performed under 
this program. Prototype mechanisms for erecting/deploying/align- 
ing the panels will be designed, and fundamental control laws for 
controlling these processes will be developed and tested. This activ- 
ity will directly support a seven-panel reflector ground demonstra- 
tion test program planned for FY 1992. 
CSTI-Power 

The objective of this program is to develop the technology needed 
to meet the high-capacity power systems requirements for evolun- 
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tary space station, lunar and planetary bases, and for high-power- 
demand electric propulsion systems. 

For highcapacity power systems, power levels of interest are 
greater than tens of kilowatts to multimegawatts. An advance tech- 
nology program was initiated in FY 1986, as part of the space 
energy conversion research and technology program, with empha- 
sis on significantly improving the SP-100 power conrers i~n ef5- 
ciency to take advantage of the reactor's estimated thermal output 
capability of eight megawatts. In the thermoelectric converter area, 
identification and the laboratory characterization of the physical, 
thermn! and e!ectti.i;a: piowi-&6 ul' poisniiaiiy sra'oie, nigher eifi- 
ciency, rare earth chalocogenide junction material candidates, e.g., 
lanthanum telluride, has resulted in good progress toward achiev- 
ing the desired higher level figure of merit. Recent experimenta- 
tion and microstructural analyses of the silicon germanium junc- 
tion materials have shown that favorable phase precipitation 
changes can occur at particular annealing temperatures during 
material processing. The net positive effect of this newly discovered 
interrelationship would be an improved electrical activity charac- 
teristic without detrimentally affecting desired thermal conductivi- 
ty characteristics for the material. Couple efficiency could then be 
improved threefold or more for the baseline silicon germanium ma- 
terial. For a dynamic conversion system alternative, the develop 
ment of the free-piston Stirling engine technology for use with ad- 
vanced nuclear reactor power systems is continuing. Testing of the 
initial 25-kilowatt space power demonstration engine was conclud- 
ed with near achievement (91 percent) of the design power goal. 
Preliminary engineering design of the next generation developmen- 
tal engine with a higher hot-side temperature capability has been 
completed. Advanced radiator configuration concept studies are in 
progress with supporting research and technology in heat pipe 
modeling and analyses, testing of improved high-temperature radi- 
ator materials, and advanced surface emissivity treatments. Tests 
of a new family of semiconductors have substantiated the materials 
tolerance capability for resisting without failure extremely high 
levels of radiation exposure. These signficant improvements in ra- 
diation tolerance of dielectric electrical insulating materials have 
been measured in repeated laboratory tests. The broad-based SP- 
100 advanced technology program has been highly successful in 
identifying potential component/subsystem improvements and in 
developing solutions for those nonnuclear technology areas critical 
to successful development and application of highcapacity space 
nuclear power systems. 

Prior to FY 1988, funding for highcapacity space power systems 
was contained within the space energy conversion research and 
technology program. The principal focus of the high-capacity w c e  
power program was support of the SP-100 nuclear reactor power 
technology development program primarily in the advanced con- 
version component technology developments area and in the direct- 
ed siippuri ul' Lhe SP-iirir ground engineering systems program in 
selected nonnuclear technology areas. In FY 1988, an aggressive 
dynamic conversion systems technology development and verifica- 
tion program will be initiated The fibricstion and assemh!y cf B 
space prototypical free-piston Stirling engine capable of 1050°K hot- 

side tem erature operation will be well underway. Advanced heat 
pipe conf!gurations for heat transport, as well as advanced regener- 
ator/heat exchanger concepts, will be incorporated into this design. 
Test plans for the performance mapping and endurance testing of 
this advanced Stirling engine will be developed. The reactor being 
developed in the SP-100 program would provide the heat source for 
the Stirling dynamic converter in a flight power system. In the 
Stirling engine development ground tests, however, a simulated 
heat source will be used. Thermoelectric materials research for the 
N-leg and the P-leg will cnntlnue fer the a!ternati~e static cen:?Zt- 
er system, seeking experimental substantiation of a 3- to-5-fold in- 
crease in cycle efficiency with stable, repeatable, single cell and 
multicell couple performance. In parallel with these efforts, other 
key power system technology elements will be pursued, both ana- 
lytically and experimentally. Advanced waste heat radiator con- 
cepts incorporating lighter weight heat pipes and innovative sur- 
face conditioning techniques for greatly improving the emissivity of 
the candidate surface materials will continue to be investigated. 
Component testing will be initiated to confirm performance predic- 
tions. The waste heat radiator is a critical item, not only from a 
thermal performance standpoint, but also from a weight stand- 
point, for the space nuclear reactor power system. Supporting re- 
search and technology activities (i.e., analysis, fabrication, testing) 
will be conducted in the area of high-temperature, high-strength, 
longlife materials and thermal management modeling and analy- 
ses. Laboratory-scale tests of candidate advanced power condition- 
ing and control components will proceed into FY 1988. A diagnos- 
ticdfault-tolerant system technology assessment and advancement 
effort for the high-capacity power system will be initiated. 
CSTZ-A u toma t ion and Robotics 

The objective of the Automation and Robotics program is to ex- 
ploit the potential of artificial intelligence and telerobotics to in- 
crease the capability, flexibility, and safety of space and ground op- 
erations while decreasing associated costs. Specifically, the objec- 
tives of the robotics element are to evolve the level of autonomy of 
remote operations from teleoperation to robotics and to increase 
the operational capability of remote manipulation from its current 
state as a crane on the shuttle orbiter to the capability for on-orbit 
assembly, servicing and repair, and for planetary exploration. The 
objectives of the autonomous systems element are to reduce the 
size of the ground control and operations crew and to automate 
control of appropriate subsystems aboard the Space Station, space- 
craft, or transportation vehicles. Goals of the program are to re- 
place 50 percent of extravehicular activity (EVA) with telerobotlcs, 
decrease mission operations manpower by 60 percent, and reduce 
the manpower required to do routine housekeeping functions 
aboard the spacecraft by 50 percent. 

robotics and autonomous systems elements. Underlying the se- 
quence of demonstrations in both programs are five core technolo- 
gy areas: sensing and perception, control execution, task planning 
and reasoning, operator interface, and system architecture and in- 
tegration. Integrated plans have been developed for the demonstra- 
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tion sequences, and research is underway in the five core technolo- 
gy areas. Coordination with the Defense Advanced Research 
Projects Agency (DARPA) assures leverage of relevant technologies 
being developed under their strategic computing initiative. Inter- 
center memoranda of agreement have been signed to facilitate the 
transfer of technology from the technology development centers to 
the user centers. 

In FY 1987, the preliminary design and development of the tele- 
robot demonstration facility with a two-arm manipulator was com- 
pleted, and a sequence of demonstrations for FY 1988 defined. The 
facility has a suspended spacecraft (Solar Max) which the robot will 
acquire, despin, and service, with two cooperating robot manipula- 
tor arms mounted on tracks to accomplish these tasks, and a third 
arm with a mounted television camera which supplies the vision 
for the robot system. A notable accomplishment was the establish- 
ment of the hierarchical computer architecture which will allow 
artificial intelligence planners to control this robot. 

In FY 1987, in the system autonomy area, a comprehensive plan 
was developed and the management structure put into place. A 
prototype knowledge base for a thermal control systems (TCS) was 
demonstrated on a symbolic 3640 computer, using the artificial in- 
telligence (AI) development tools KEE and Simkit. Demonstrator 
targets include the TCS; prelaunch ECS, power, and prenumatics; 
the Space Station power system; and the shuttle communication 
system. 

In the associated core research area, several outstanding achieve- 
ments were attained. In sensing and perception, an intermediate- 
level computer vision system called PIFEX (programmable image 
feature extractor) has been developed which can detect hardware 
edges and vertices. Such a visual system will be necessary to 
enable autonomous recognition of objects from a well defined data 
base, as well as autonomous capture and despin of tumbling satel- 
lites. A prototype of PIFEX, which provides the realtime acquisi- 
tion, feature tracking, motion stereo, stereo matching, and process- 
ing of the visual system for the robot, was demonstrated. This 
system is capable of performing 100 billion arithmetic operations 
per second. Two stand-alone expert systems including an error di- 
agnostician and an execution monitor, which monitors and predicts 
the behavior of the system, were integrated using a communica- 
tions blackboard. This is the first time two separate expert systems 
have been made to cooperate using a common or shared knowledge 
base. In control execution, computer vision and forceltorque feed- 
back have been used to automatically guide a pin to a close toler- 
ance hole and insert it. This is necessary for autonomous module 
insertion when the telerobot is operating under conditions of com- 
munications time delay. In operator interface, a six degree-of-free- 
dom force-reflecting controller has been developed. Using this tech- 
nology, the same controller can be used with a number of different 
space arms. In task planning, an artificial intelligence planner has 
been developed which, given a set of goals and a knowledge base of 
relevant actions, can generate a sequence of actions in a satellite’s 
payload to implement those goals. Other notable accomplishments 
include rudimentary learning by the expert system planner devis- 
er, telerobotic operation of fuel transferlstrut node coupling, verifi- 

cation of the smart hand and force reflecting controller, and the 
development of a computer graphics display for that controller. 

The automation and robotics program in its entirety has been in- 
corporated into the CSTI program in FY 1988. In addition, the pro- 
gram has been augmented to include pre-launch and post-launch 
operations, including pneumatics and power pre-launch subsystems 
and the shuttle communications subsystem. 

Development and advancing technologies in telerobotics are de- 
scribed by a sequence of evolutionary ground demonstrations 
scheduled from 1987 to 1996. The initial demonstration will be of a 
two-armed remote manipulator for satellite module replacement 
and fluid transfer tasks. Automony will be implemented in terms 
of preplanned sequences of task primitives, e.g., open, close, screw 
in, etc. The second demonstration (1990) will include automatic ac- 
quisition and despin of a spacecraft and servicing it using dexter- 
ous cooperative arms, automatic sequence planning, and autonomy 
at the task element level, e.g., remove panel. The 1993 demonstra- 
tion will comprise task level (e.g., replace module) commands, auto- 
mated replanning for error conditions, and automated planning 
using a computer-assisted design (CAD) data base. The 1996 demon- 
stration will extend to repair tasks involving cutting and fabrica- 
tion. 

The FY 1988 telerobot demonstration will incorporate dual arm 
control, AI-based planning, smart end effectors, force reflecting 
controllers, and vision-based robotic control for simple servicing 
tasks. 

Research and development in each of the five core technology 
areas associated with telerobotics will continue. In sensing and per- 
ception, research on multiple-class three-dimensional object recog- 
nition and tactile/proximity sensing will be conducted in order to 
reduce reliance on the human operator’s vision system. In task 
planning, experiments will be conducted on spatial planning of ma- 
nipulator trajectories and on reasoning about nonstandard proce- 
dures in order to reduce reliance on the human operator’s cognitive 
capabilities in task planning. In control execution, telerobot control 
of flexible manipulators and control of multiple-arm degrees of 
freedom will be developed to enable telerobot servicing of a wider 
class of spacecraft and payloads. In operator interface, predictive 
displays and simulation aids for anticipated failures will be devel- 
oped to permit the operator to take over when the autonomous 
system encounter difficulty. In systems architecture and integra- 
tion, the focus will be on developing techniques for expert systems 
to control an entire system by coordinating the needs and tasks of 
a number of subsystems. 

Integration of advancing technologies in systems autonomy is de- 
scribed by a sequence of evolutionary ground demonstrations 
scheduled from 1988 to 1996. The initial demonstration (1988) is of 
a rule-based expert system for control of a single-mission oper- 
ations subsystem in which reasoning is limited to standard proce- 
dures and knowledge of the task world is complete and unambig- 
uous. The second demonstration (1990) will be a model-based expert 
system for coordinated control of multiple subsystems, and it will 
be capable of reasoning about nonstandard procedures and diagno- 
sis of anticipated failures. The third demonstration (1993) will be of 
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hierarchical control of multiple subsystems and will be capable of 
reasoning about emergency procedures, planning under uncertain- 
ty, and recovery from unanticipated failures. The 1996 demonstra- 
tion will consist of distributed control of multiple subsystems and 
will have this capability for fault prediction, real-time replanning, 
and learning. 

The initia! system antonomg demonstrations wi!! take p!ace 
early in FY 1988. The initial demonstration will comprise automat- 
ed control ti.e., an intelligent aidej for the Space Station thermal 
control subsystem. Demonstrations -using expert system control will 
be developed and demonstrated tor pre-launcn and post-iaunch 
ground system operations. The consoles and programs for demon- 
strating the expert system using real-time shuttle date in an off- 
iine (parailel) mode to actual subsystem conrrol by human control- 
lers will be developed. 

Research and development in each of the five core technology 
areas associated with systems autonomy will continue. Anticipated 
research achievements include the development of an expert 
system with the capability oi  iearning by example and a prototype 
spaceborne symbolic processor with two 32-bit numeric processors 
and two 40-bit symbolic processors, using VLSIiVHSIC technology. 
This combined processor uses a reconfigurable, fault-tolerant multi- 
processor architecture acd is capable of ln-rnega instructions per 
second execution rate. It will support the LISP, Ada, PROLOG, and 
C software environments. 

11. SAFETY, RELIABILITY AND QUALITY ASSURAKCE 

I4ASA REQUEST, $16,100,000 

AUTHORIZATION, $16,2OO.OGG 

FISCAL YEARS 19Pi AND 1Y88 FUNDING LEVELS 

Safety. Reliability and Quality Assurance. 
Estimates fiscal year 1987 .............................................................. $9,200,000 
Authorization fiscal year 1988 ......................................................... 16,200,000 

The objective of the Safety, Reliability and Quality Assurance 
(SR&QA) program, formerly the Standards and Practices program, 
is to support NASA's goals through activities in safety, productivi- 
ty, reliability and quality assurance, maintainability, software as- 
surance, systems engineering, and program practices which reduce 
program risk; to improve product confidence; and to encourage 
good program procedures in the technical execution of NASA prc- 
grams. 

During FY 1986, efforts to improve NASA's software manage- 
ment, assurance and productivity continued. Emphasis was placed 
on developing validated procedures to ensure the integrity of the 
systems to be put into service Exploration of non-destructive eval- 
uation techniques continued, with emphasis on composites and ad- 

thermal, and electromagnetic techniques to examine material prop- 
erties. The results of this effort wiil ensure that material and fabri- 
cation specifications can be non-destructively verified and quantita- 
tively documented. 
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In FY 1987, work continues in concert with the NASA Centers 
and industry in the areas of materials, treatments and processes; 
integrated circuit product assurance; microcircuit radiation effects 
evaluation; aerospace and system safety related matters; and other 
areas in support of NASA-wide programs. In the near-term, the 
Non-Destructive Evaluation (NDE) Program will place special em- 

will be expanded to include electronics, and will explore and devel- 
op qualitative and quantitative inspection and quality control tech- 
niques for microcircuits and semico;!uFtor:. The Spftware Ma?- 
agement and Assurance Program will  aeveiop sianaaras, speciai- 
ized training, distributed software, corporate memory data bases, 
and guidebooks to facilitate improved software business practices 
aiid resomces shiiiiiig by NASA prGjects. In response to the find- 
ings and recommendations contained in the Report of the Presiden- 
tial Commission on the Space Shuttle Challenger Accident (Rogers 
Commission), an effort is underway to develop a system to address 
the reporting and documentation of problems, problem resolution, 
azd trends. The initial effort wi!! define the goals that the systems 
must achieve, the criteria by which success will be judged, and a 
plan for system support of the next Shuttle flight. Efforts to inven- 
tory available data sources, determine information flow incompati- 
bilities and constraints, and obtain other data necessary to develop 
a detailed system architecture are currentiy underway. 

In FY 1988, the SR&QA program will continue to conduct activi- 
ties in support of the objectives of the agency. The increase in fund- 
ing from the FY 1987 level reflects an increase in safety related ac- 
tivities and the creatior, of a Technical Assessment Program. The 
Technical Assessment Program will develop systems that monitor 
the status of equipment; validate technical designs; report and ana- 
lyze problems; analyze trends; and judge system acceptability in 
agencywide programs. 

The Technical Assessment Program will address the reporting 
and documentation of problems, problem resolution and trends, 
and other safety systems as required. One component of the assess- 
ment program is a computerized, real-time, agencywide problem re- 
porting and corrective action system which will allow an  assess- 
ment of SR&QA problems. As currently planned, the system will 
contain data on failures, nonconformance anomalies, and unsatis- 
factory conditions for problem analysis and resolution, remedial 
and preventive actions, and trend analysis for flight and critical 
ground hardware, as well as certain generic program hardware. 
The information resulting from the system will be used for design, 
flight, and test reviews. It wiil be specifically designed to provide a 
broad data base which will be accessible by NASA and its contrac- 
tors on an iterative basis. It will provide a means whereby effective 
trend analysis can be accomplished, thus providing early and more 
complete illumination of problems to management. 

Efforts are being planned that will revitalize the basic NASA 
safety program. Major activities wiii be iocused on increasing the 
safety of high hazard operations, better understanding the failure 
modes of highly stressed wind tunnel components and pressure sys- 
tems, and qiuantifying the hazard potential of new, exotic propel- 
iants, existing cryogenic propellants, and new composite materials. 

ph3 i s  or! NDE techniques for  %!id Rocket Motors. The program 
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The existing effort to automate mishap reporting will be expanded 
to include the capability for trend analysis and generation of multi- 
media, generic lessons-learned from the central data base. Critical 
policies, procedures, practices, regulations, guidelines, and direc- 
tives will be reviewed and revised, or developed, as appropriate. 
Risk assessments of hazards indentified in NASA activities will be 
conducted to determine the implied risks to people and property. 

13. TRACKING AND DATA ADVANCED SYSTEMS 

NASA REQUEST, $18,100,000 

AUTHORIZATION, $13,100,000 

FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Advanced system: 
Estimated fiscal year 1987 ............................................................................. $17,100,000 
Authorization fEcal year 1988 ...................................................................... 13,100,000 

The objective of the Advanced System program is to perform 
studies and provide for the development of tracking and data sys- 
tems and techniques required to: (1) obtain new and improved 
tracking and data handling capabilities that will meet the needs of 
approved new missions and near term new starts; and (2) improve 
the cost effectiveness and reliability needed for overall support of 
the total mix of spaceflight missions. 

This activity is a small but vital part of the total Space Tracking 
and Data Systems program which continues to focus on assessing 
and making use of technological advances in telecommunications, 
electronic micro-circuitry and the computer sciences. Such effort is 
essential for the cost-effective application of new technology and 
for planning future support capabilities. Ongoing work includes the 
investigation of the total data transfer and processing needs of JLP 
coming missions and studies of ground systems and telecommunica- 
tion links to determine design approaches tradeoffs for the lowest 
life cycle costs to support future space missions. 

Activities planned for FY 1988 include efforts to obtain location 
accuracies within the one meter level for Earth-orbiting spacecraft 
which would make possible a new class of high precision Earth ob- 
servatory missions on the Shuttle, Space Station and on free flying 
spacecraft. The techniques to be analyzed for particular application 
include the Department of Defense’s Global Positioning System and 
Very Long Baseline Interferometry. Work will continue on the de- 
velopment of extremely precise radiometric techniques for deter- 
mining angular direction of future planetary missions to an accura- 
cy of five nano-radians. Such improvements typically lead to im- 
proved spacecraft navigation and the conduct of science experi- 
ments not previously possible. Studies will continue on ground 
based navigation strategies, analyses and demonstrations for Gali- 
leo, Ulysses, and Mars Observer. 

Efforts to improve communications between the ground and 
spacecraft will continue in such areas as development of a K-band 
terminal for TDRSS user spacecraft; use of millimeter wave fre- 
quencies on large diameter antennas; development of more efficient 
transmitters and highly reliable, low noise telemetry receivers; 
and, antenna feed systems capable of multiple frequency operation, 

including millimeter waves. Such improvements in space-to-ground 
communications can benefit future missions by reducing spacecraft 
weight and power requirements and increasing the amount and 
quality of the data returned. Optical tracking and communications 
technology to meet telecommunications needs in the decades ahead 
will also be investigated both for its cost-performance advantages 
over microwave technology and for its potential in space data relay 
applications. 

The use of high density magnetic tape and optical disk storage 
with automated quality control of recorded data is being investigat- 
ed to meet future high-rate image data processing requirements as 
the data handled from earth-orbital missions increase from a cur- 
rent peak of 50 megabits per second to the TDRSS design limit of 
300 megabits per second. These future requirements result from 
high resolution sensors such as multispectral scanners and synthet- 
ic aperture radars. New techniques and systems will be developed 
for the transfer and processing of these high data rates. These de- 
velopments include new techniques for signal coding and decoding 
of data; advanced technology for on-board recording; digital proc- 
essing of high volume data, improved man-machine interfaces, and 
a communications network using an optimal mix of fiber optics, 
satellites, and local area networks to distribute data to processing 
centers and users. 

Investigations will continue on achieving more efficient oper- 
ation of the mission control facilities and providing for the neces- 
sary real time interaction between the spacecraft experimenters 
and their experiments. Other investigations are being carried out 
in the areas of expert applications, greater use of distributed com- 
mand terminals and the performance of orbit and attitude compu- 
tc ions on board the spacecraft. 



SPACE FLIGHT, CONTROL, AND DATA COMMUNICATIONS 
NASA REQUEST, $4.064.300,000 

AUTHORIZATION, $4,034.300,0oO 

Total ............................................... 5,hl~,000,000 . 4,034.300,OOO 

1 SHUTTLE PRODULTION AND OPERATiOh AL CAPABILITY 

KASA REQUEST, $1,229,600,000 

AXEHORIZATION, Si.i74,60O,OOfi 

FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

- 
Page 
No 

193 

20 1 
206 

- 

- 

- 

1 Estimated fiscal i Authorization 
fiscal year i9EE year i Y B i  

I 

Orbiter operational capability ............................ : $373,000,000 $34S,200,000 
Orbiter replacement ................................................. ?,100,000,000 0 
Launch and mission support ............................... .: 148 200.000 249,300.000 
Propulsion systems ..................................................... 463:900,000 1 552,100,000 
Changes and system upgrading ............................. 1 20,000,000 ~ 25,000,000 

Total ................................................................... 3,i05,1no,ooo ~ i,i74,600,000 

The Committee reduced the NASA request by $55,000,000 to 
reduce the purchase of structural spares. The intent of the Com- 
mittee is to fund those structural elements (such as the OMS pod, 
payload bay doors, vertical tail, and body flap) that could reason- 
ably be required for use as spare or repair parts. The Committee 
believes that funding should be delayed for other structural ele- 
ments (such as the crew cabin) that are more accurately “long 
lead” procurements toward the production of an additional Orbiter 
rather than true spare parts. 

The objectives of this program are to provide for the completion 
of the modifications required to return the Space Transportation 
System (STS) to a safe flight status and the completion of the na- 
tional fleet of Shuttle orbiters. including building a replacement or- 
biter for the Challenger; the development and production of the 
propulsion systems; preparation of launch site capabilities; and, the 
potential changes and upgrading, the STS. 

was reduced to three vehicles until a replacement orbiter, which 
Tr1.11~ W I L I I  tile loss of Chdenger  in Zii i i i i i iq  I%%, the orbiter fleet 

was approved by Congress in 1986, can be delivered. The existing 
post-Challenger accident orbiter fleet includes Columbia, the orbit- 
er developed and flown on four test and evaluation flights, and two 
orbiters of a lighter-weight configuration, Discovery and Atlantis. 
The budget provides funding for necessary improvements, hard- 
ware fixes and mission kits for the orbiter fleet to satisfy flight re- 
quirements. in addition, the provisioning of orbiter spares a t  the 
Kennedy Space Center is an on-going activity to support the re- 
quirements for the initial lay-in of spares to support the flight rate 
buildup. 

Launch and Mission Support provides for the requirement invest- 
ment in Launch Operations and Flight Operations capability to 
meet STS program objectives which include returning safely to 
flight and supporting the operational flight rate. At KSC, the 
second line of facilities allow simultaneous processing and checkout 
of orbiters and associated flight hardware from landing through 
launch. At JSC, the Mission Support budget provides collateral 
hardware, principally the extra-vehicular maneuvering units 
(EMU) while the Mission Operations Capability budget provides for 
improvements in the flight support systems. The flight support sys- 
tems funded by this budget include training and carrier aircraft, 
additional landing aids and runway end barriers a t  the primary 
and contingency landing sites, and replacement /upgrade of equip- 
ment in the mission support complex such as the Shuttle mission 
simulator, software production facility and the mission control 
center. 

Propulsion Systems provide for the production of the Space Shut- 
tle Main Engine (SSME) and the development of the capability to 
support operational requirements established for the SSME, Solid 
Rocket Booster (SRB), and External Tank (ET) The SSME program 
includes: production of the main engines necessary to outfit and 
provide spares for the orbiter fleet, ground testing in support of 
engine development, anomaly resolution, and an advanced develop- 
ment effort. The SRB production and capability development activi- 
ties include: the redesign and recertification efforts necessary as a 
result of the Challenger accident and the procurement of tooling 
and equipment to support the revised flight rate; selected studies to 
continue investigative, analytical and problem-solving activities; 
and, the completion of the filament wound case structural testing. 
In the ET program, the objectives are to support the recovery ac- 
tivities and return to safe flight efficiently. 

Changes and Systems Upgrading provides funding for potential 
changes and system modifications as well as unanticipated new re- 
quirements not covered in the budget estimates for the above ac- 
tivities and other program elements. 

ORBITER OPERATIONAL CAPABILITY 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Estimated fiscal ~ Authorization 
year 1987 1 fiscal year 1988 

I I 
Orbiter .............................................................. $201,300,000 ~ $241,200,000 
Systems integration . . . . . . . . . .  4,100,000 12,100,000 
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Total ................................................................. 373,000,000 

Year 1987 

348,200,000 

With the recent loss of Challenger (OV-O99), the primary objec- 
tive is to return the three orbiter fleet to safe flight in FY 1988. 
This will provide safe and reliable access to space for NASA, the 
Department of Defense and certain domestic and international 
users of space. In support of this objective, orbiter production ac- 
tivities include the necessary safety modifications identified by the 
Rogers Commission and the post Challenger accident review proc- 
ess and the development and installation of necessary hardware, 
software and procedural modifications. Also, work continues on im- 
provements to achieve greater operational capabilities, reduce oper- 
ational costs, and meet system requirements. These improvements 
include upgrading the general purpose computers (GPC), inertial 
measurement units (IMU) and auxiliary propulsion units (APU). 
The brake and the nose wheel steering systems are undergoing 
modifications to improve landing performance. In concert with 
these major improvements to the hardware, there are modifications 
to the flight and ground software. In addition to these system 
changes, there are numerous mission and modification kits request- 
ed for specific flights and payloads. 

The structural spares program initiated in FY 1983 provided the 
foundation for the production of a replacement orbiter with a deliv- 
ery date planned for mid-1991. A new set of structural spares will 
be initiated in FY 1988. This new effort will sustain the capability 
to produce another vehicle in addition to providing additional 
spares for inventory. Structural assemblies include the wings, aft 
thrust structure, engine compartment, crew module (including the 
nose and cockpit), mid and aft fuselage sections, payload bay doors, 
vertical tail, and the orbital maneuvering system pods. 

The procurement and fabrication of the orbiter spares inventory 
is ongoing. A concerted effort has been made to better define the 
spares requirements and production capability a t  various vendors. 
A study is underway to determine logistics depot and maintenance 
requirements. An interim depot system is being implemented uti- 
lizing NASA and contractor facilities while the study is being com- 
pleted and a long-term configuration identified. 

Orbiter funds provide for the procurement of a logistics capabil- 
ity including establishing an inventory of spares to support oper- 
ations requirements, the continuation of previously approved sys- 
tems improvement programs, necessary safety modifications identi- 
fied as a result of the Challenger accident review process, complet- 
ing the existing set of structural spares to support the production 
of a replacement orbiter, initiating manufacture of a replacement 
set of structural spares, and the engineering analysis and integra- 
tion support for the increasing flight rate. Orbiter funding also pro- 
vides for orbiter support activities such as the remote manipulator 
system, the on-board flight software, and potential implementation 
of a crew escape system during orbiter controlled gliding flight. 

The orbiter logistics capability program in FY 1988 is continuing 
the lay-in of line replaceable units, shop replaceable units, and 
repair parts to support the flight rate buildup. The funding covers 
flight hardware spares, ground equipment spares, scheduling, pro- 
visioning documentation, and maintenance training. In addition, 
funding is included to provide maintenance test equipment and 
special test equipment for the intermediate, depot level and select- 
ed vendor repair sites. 

The development, qualification and production of flight units for 
an improved auxiliary power unit (APU) and the upgrade of the 
general purpose computers (GPC) will be completed in 1988. The 
improved APU will have longer life and higher reliability and will 
require substantially less ground servicing. This configuration will 
preclude recurrence of problems which have occurred on prior 
flights such as formation of wax due to the mixing of lube oil and 
fuel. The new GPC will add memory and increase operating speed 
in order to avoid the operational limitations of the current hard- 
ware and will result in a more maintainable system. In addition, 
funds are included to continue necessary safety modifications such 
as a new carbon brake system and to conduct studies on a crew 
escape system. 

The orbiter funding also covers systems integration of all rede- 
velopment analyses and hardware changes, as well as procuring or- 
biter support items and capability changes to the on-board flight 
software. Continuing development of the capabilities of the on- 
board primary and backup flight software is necessary due to ex- 
panding safety requirements and system capabilities. 

ORBITER REPLACEMENT 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Orbiter Replacement: 
Estimated fiscal year 1987 ............................................................... 
Authorization fisczl year 1988 .......................................................... 

$2,100,000,000 
0 

In order to provide safe access to space and to maintain United 
States preeminence in space, NASA has been directed to procure a 
replacement orbiter (OV-105) with full funding provided in FY 
1987. This replacement orbiter will provide a significant increase in 
existing National launch capability to fly off the backlog of nation- 
al security, international, US.  space industry, and NASA missions 
resulting from the Challenger accident. 

Currently, a set of structural spares is nearing completion and 
will be utilized in the production of OV-105. A proposal is being 
prepared by Rockwell International for the production of this orbit- 
er with a planned full start in August 1987 and planned delivery in 
1991. Funding includes a full set of new main engines and the nec- 
essary ancillary government furnished equipment such as the 
remote manipulator arm, space suits, galley, etc. Procurement of 
this equipment is planned for an August 1987 start leading to de- 
livery of the orbiter in FY 1991. 



LAUNCH AND MISSION SUPPORT 
FISCAL YEARS 19Fi A S D  1988 FUSDING LEVELS 

~~ ~ 
~~ 

Estimated liscal Authorization 
year 1987 1 fiscal year 1988 

~ . ~~ 

Launch site equipment. ......................... $6!300.~0? ~ $25,zllO,lY)O 
Mission support capability ......................... , 4L,YUU,UUU , ILU,YUU,UUU 
Mission operations capability ............................ __  

Total. ........................... 14x.znn .0~0 ~ ~49,300.0oo 

This activity supports the development of launch and mission 
support capabilities, principally a t  the Johnson Space Center (JSC! 
and Kennedy Space Center {KSCi. The first line of facilities a t  KSC 
was developed during the DDT&E program to support launch proc- 
essing and checkout on one Shuttle vehicle through launch. A 
“second line” of facilities is provided in the launch site equipment 
budget to support processing and checkout of up to three orbiters 
iii flow and ts sustain the operational !aunches nt KSC. 

Second line facilities already operational include the second 
launch pad, the second high bay of the orbiter processing facility, 
the second mobile launch platform, and two additional high bay 
areas in the vehicle assembly building. The third mobile launch 
platform has been delayed from an originaliy scheduled compietion 
of September 1986 until early 1989 due to the program standdown. 
An orbiter maintenance and refurbishment facility is under con- 
struction to provide a minimal maintenance and storage capability. 
In FY 1987, this budget also contains funding required to conduct 
the necessary modifications to the KSC ground support equipment 
to return to flight status, such as improving the external tank hy- 
drogen vent system on the launch pad, installation of debris traps 
in the main propulsion system propellant lines and new support 
equipment for the redesignated solid rocket boosters. 

Funding has been included for additional landing aids and 
runway end barriers for the current, and one additional, conti- 
gency/abort landing site. Capability improvements have been 
added for weather prediction and information handling to improve 
system monitoring, notably for anomaly tracking. A shift in priori- 
ty in the ground systems replacement/refurbishment program, con- 
sistent with the Rogers Commission recommendations, has delayed 
improvements to the Mission Control Center and accelerated im- 
provements in the simulation training facility including new host 
computers and associated interface controllers. Critical improve- 
ments in simulation fidelity will be accommodated with the ex- 
panded capacity of the new hardware. Reliability-required for the 
longer integrated simulations-and associated maintenance cost 
will also be substantially improved with these replacements. A 
“kit” will be manufactured that will allow the modification of a 
Boeing 747 into a (second) Shuttle Carrier- Aircraft CSCA), thus rel 
ducing the potentia1 downtlme impact ot thls major single point of 
failure. Projects that have been ongoing but which have been re- 
phased or otherwise restructured include the overhaul/uprating of 
the  SC+, eng:neS, the !if. extensior? nf !he T-38 eirrraft, and pro- 

70,700,000 43,500,000 
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curement of sufficient extravehicular mobiiity units (EMU’S) and 
other crew-related equipment. 

In FY 1988, the launch site equipment activity includes finalizing 
the return-to-flight status modifications in the KSC ground support 
equipment associated with the vehicle and launch processing facili- 
ties. Activities are also underway to improve the capability to sup- 
port the flight rate requirements a t  KSC. These include a digital 

equipment for installation into the orbiter maintenance and refur- 
bishment facility, replacement equipment for the launch processing 
system, extension of the launch equipment test facility (LETF), and 
installation of equipment a t  the contingency landing sites. ‘The 
mobile launcher platform previously scheduled for readiness in 
September 1986 has been delayed until FY 1989 consistent with the 
adjusted flight rate requirements. Identification, replacement and 
upgrading of obsolete processing equipment is also continued. 

Mission support capability requirements continue to establish an 
inventory of crew equipment, principally extravehicular mobility 
units (EMU), to support the flight rate. STS operations effective- 
ness work and other support functions continue to support the STS 
achievement of program-wide requirements including flight safety, 
mission success, and rate capability. 

Mission operations capability funding in FY 1988 provides for 
completion of replacement of the host computers and selected criti- 
cal items for the Shuttle training simulators. FY 1988 is the initial 
year in the efforts to procure a fourth Shuttle Training Aircraft 
(STA), to re-engine the Shuttle Carrier Aircraft (SCA) and to re- 
place ADP and other hardware in the Software Production facility. 
Continuing projects include the procurement of the Shuttle Carrier 
Aircraft (SCA) mod kit and improvements to weather prediction, 
information handling, and mission control systems. 

PROPUISION SYSTEMS 
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FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

1 Estimated fEcal Authorization 
year 1987 1 fiscal year 1988 

Main engine ................................................................ 
Solid rocket booster ................................................... 115,500,000 140,700,000 

............................................................ 46,800,000 42,200,000 External tank 
Systems support ......................................................... 

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

Propulsion Systems provide for the production of the Space Shut- 
tle main engines (SSME), the implementation of the capability to 
support operational requirements, and anomaly resolution for the 
SSME, solid rocket booster (SRB), and external tank (ET). The 
SSME program includes the production of the main engines re- 
quired for the orbiter fieet, the procurement of spares, ground test- 
ing operations, development and certification activities to improve 
operating margins, reliability and durability, and anomaly resolu- 
tinn rap~hility The SRR prngram inclndes a rnajnr redesign, devel- 



opment and qualification effort for the solid rocket motors to im- 
prove safety margin and correct the deficiencies that led to the 
Challenger accident. The SRB program also includes a thorough re- 
evaluation of the booster hardware, redesign of the hardware for 
reusability and operational cost reductions, and procurement of 
manufacturing tooling and equipment to support the projected 
flight rate. In the ET program, the objectives are to support recov- 
ery activities and the return to safe flight. Systems support primar- 
ily provides for the testing of the SSME in the main propulsion test 

~~ 

article configuration. ~ 

The total SSME ground test experience now exceeds 1,300 tests, 
totaling approximately 270,000 seconds of test time. This experi- 
ence includes 250 tests, exceeding 55,000 seconds of operation, a t  
the full power level (FPL). 

During the course of FPL testing over the past several years, it 
became apparent that design margins were inadequate fo; routine 
FPL flight operation and that the current SSME configuration re- 
quired an unacceptable amount of maintenance at  that power 
level. Consequently, the SSME program has been structured into 
three major elements under Shuttle Production and Operational 
Capability: (1) flight engine; (2) development engine; and (3) ad- 
vanced development. 

The flight engine activity includes the production of new engines, 
retrofit of improved hardware into the fleet, and anomaly resolu- 
tion activity. One additional engine is being procured to replace en- 
gines lost during ground testing during the past year. 

The development engine activity provides for the development, 
certification, and flight certification extension of improvement 
hardware including a redesigned hot gas manifold and near-term 
high pressure turbopump improvements such as improved blades 
and bearings. The conversion of the NSTL B-1 test stand to single 
engine test capability has been added to the program to meet 
ground test requirements. 

The advanced development element includes the alternate turbo- 
pump and the technology test bed. An alternate source for high 
pressure turbopumps was elected in August, 1986. These alternate 
pumps will be designed for greater reliability, safety margin, and 
lower operational costs. The technology test bed will provide an in- 
dependent means to evaluate the technical advances arising from 
the development program, the alternative pump effort, and the - -  
OAST technology program. 

The solid rocket booster (SRB) fundine reauirements sumort the 
redesign and requalification efforts neiessary as a res& of the 
Challenger accident. Based upon the investigation results of the 
failure and the actions recommended by the Rogers Commission, a 
complete reassessment of the certification program on all hardware 
and a redesign of the solid rocket motor joint configurations are 
underway. In-depth reviews of the systems failure mode and effects 
analysis (FMEA), operational procedures and the design of critical 
hardware on the critical items list (CIL) is being conducted and 
changes will be implemented as necessary. Extensive testing will 
be conducted of ali design alternatives under conditions that accu- 
rately simulate the launch environment to insure that the final 
design meets the program safety and performance requirements. A 
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second SRM static firing test stand is being provided to assure the 
capability to initiate the flight program in FY 1988. All necessary 
hardware replacement on refurbishments will be procured to s u p  
port resumption of flight activities and the planned build-up ir6 
flight rate. Funding is also included for alternative source procure- 
ment studies for the SRM. The filament wound case program is 
being deferred a a result of the extensive changes being considered 
in the basic SRB program and the Air Force's decision to defer ac- 
tivation of the Vandenberg launch site. FWC funding is provided 
through completion of the structural test program. 

In systems support, capability is being maintained for the full 
power level test of three clustered engines in the NSTL main pro- 
pulsion test stand in early 1989. This test will provide for a verifi- 
cation of the main propulsion system operations at full power level 
using the main propulsion system test hardware mounted in the 
aft end of the simulated orbiter. 

Funding for the FY 1988 budget is based upon resumption of the 
flight program in February, 1988 and the design, test, and certifica- 
tion of the propulsion hardware for flight. A complete reassessment 
of the program is included. It consists of a thorough review of the 
FMEA/CIL's and recertification of all flight hardware to assure 
compliance with flight requirements. The SSME program will con- 
tinue production of flight hardware and the development programs 
including necessary improvements to the current configuration and 
the alternate turbopump programs. The SRB program will com- 
plete the redesign of the solid rocket motors and be recertified 
prior to the first flight. The external tank program will complete 
the FMEA/CIL reviews and continue the efforts to develop process- 
ing improvements to reduce the cost of manufacturing tanks, the 
continued installation of rate tooling to support the future flight 
rates and overhaul of the barges used to transport finished tanks 
from Michoud to the launch sites. 

CHANGES AND SYSTEMS UPGRADING 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Changes and systems upgrading: 
Estimated fiscal year 1987 ............................................................................. $20,000,000 
Authorization fiscal year 1988 ...................................................................... 25,000,000 

Management, technical flight experience, and cost reviews of the 
Shuttle program have stressed the need for providing an allowance 
for changes and modifications which inevitably are required in a 
large, complex, and technically demanding space system. 

The Changes and Systems Upgrading budget represents the esti- 
mated requirement for potential changes and systems modifica- 
tions and unanticipated developments which are not included in 
the program element budget estimates. Such funds are necessary to 
provide for programmatic and technical changes, such as modifica- 
tions to the flight hardware to improve system reliability, safety 
and performance; changes and upgrading of ground systems to 
reduce turnaround time between missions, and replacement/modi- 
fication of hardware elements to achieve increased operating econo- 
mies. 



As the changes and upgrading requirements are identified and 
aproved, the remaining FY 1987 funds will be allocated to the ap- 
propriate budget activity. 

The funding requested for FY 1988 will provide for those changes 
which are considered to have the highest priority. The objectives 
are to improve reliability, increase operating safety margins and ef- 
ficiency, and reduce, costs. Changes and upgrading areas of interest 
include modifications to flight and ground systems; design and de- 
velopment of hardware/software systems which meet requirements 
for improved safety, reliability, performance and cost-effectiveness; 

ational life, by facilitating improved mission-to-mission turnaround 
time, and by improving mission performance margins. 
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2. SPACE TRANSPORTATION OPERATIONS 

NASA REQUEST, $1,885,800.000 

AUTHORIZATION, $1,945.800.000 

FiSCAi YEARS i3S7 ASD i3SS FUNDISG LEVELS 

' Estimated fiscal Authorization 
fiscal year Iqkh Year 1% 

Flight operations . . . . . . . . .  $j57,700,000 6,561,100.000 
Flight hardware .................................................. 936,000,000 923,100,000 
Launch and landing operations ............................. i 353,300,000 . 401,600.000 
Expendable launch vehicle operations ................ I 0 I 60,000,000 

Total ........................................................... l,Y47,000,000 ' 1,945,800,000 

Funding for Shuttle Operations is combined with the reimburse- 
ments for Shuttle launch services received from other U.S. Govern- 
ment, commercial, and international users to support the launch 
and flight operations requirements of the Space Shuttle. Previous 
Shuttle missions demonstrated many of the Shuttle's capabilities 
including deployments of spacecraft and their upper stages, satel- 
lite repairs, satellite retrieval, operations using the remote manipu- 
lator, integral scientific experimentation using Spacelab systems, 
extravehicular activity operations, a night landing, and a widening 
of the Shuttle's performance envelope. 

The Flight Operations activity is divided into three major ele- 
ments: mission support, integration, and support. Mission support 
includes training, flight operations activities and a wide variety of 
planning activities ranging from operational concepts and tech- 
niques to detailed systems operational procedures and checklists. 
Integration includes launch support services and sustaining engi- 
neering for orbiter systems, cargo analytical integration, and sys- 
tems integration. The support element includes base operational 
support a t  JSC and systems support activity a t  JSC, Headquarters, 

The Flight Hardware program element provides for: the procure- 
ment of external tanks (ET), solid rocket motors, booster hardware, 
and propellants; spare components for the Space Shuttle Main 
Engine (SSME); orbiter spares; ET disconnects, logistics support for 

a ~ i d  the Goddai-d Space Fligkit Centei-. 
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the ET, SRB, and SSME flight hardware elements; and mainte- 
nance and operations of flight crew equipment. Included in the 
funding request for tanks and boosters are the long lead time raw 
materials, subassemblies, and subsystems necessary to sustain the 
production of elements in a manner consistent with the flight rate. 

Launch and Landing Operations provides for the pre-launch 
preparation, launch, and landing operations of the Shuttle and its 
cargo. Aiso, iiquid propeiianis used in iaunch operations are pro- 
vided for in this budnet. 

There are currenfiy no planned reimbursable funds for Shuttle 
Operations in either FY 1987 or FY 1988. The FY 1987 Amended 
Budget had projected a net reimbursement availability in FY 1987 
of $352.0 million reflecting the net of planned receipts from DOD 
and planned re-payments to foreign and commercial customers. 
Congressional action on the amended budget appropriated the 
funding that had been planned for DOD reimbursements. It is an- 
ticipated that reimbursable funding will resume in the future as 
the Shuttle flight rate builds up. 

The Expendable Launch Vehicle (ELV) program provides for the 
procurement of expendable launch vehicles and launch support 
services. The Department of Defense and the National Oceanic and 
Atmospheric Administration are continuing to utilize the Delta, 
Scout, Atlas and Atlas Centaur expendable launch vehicles on a 
fully reimbursable basis The only planned NASA launch is for the 
COBE spacecraft which will utilize a Delta launch vehicle made 
available by using reimbursements for residual vehicle hardware 
made available to other users. 

The Committee added a new budget line item, expendable launch 
vehicle operations, which for fiscal year 1988 is authorized at no 
less than $60,000,000. The Committee has provided the authoriza- 
tion for the purposes of establishing a program for launching pay- 
loads by means of expendable launch vehicles, and if available, by 
commercial launch services. The Administrator is directed, pursu- 
ant  to section 107, to obtain ELV's or commercial launch services 
to launch the following payloads: Roentgen Satellite (ROSAT), for 
launch in 1990; Tracking and Data Relay Satellite (TDRS)-F or a 
planetary mission, for launch in 1991; Extreme Ultraviolet Explor- 
er (EUVE), for launch in 1991; and Mars Observer, for launch in 
1992. 

FLIGHT OPERATIONS 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Estimated fiscal 1 Authorization 
fiscal year 1988 year 1987 1 

I 

Mission support .......................................... 1 $158 200 000 I $167,000,000 
Integration ....................................................... .' 195:400:000 1 196,200,000 
support .................................................................... 

r n . & - l  
*"lrLll ................................................................. 

Flight operations is divided ipto three major areas of actjviFy: 
iiiijjioii siipljori, iriiegraiion, ana support. iviission support includes 



a wide variety of planning activities ranging from the development 
of operational concepts and techniques to detailed systems oper- 
ational procedures and checklists. Tasks include flight planning, 
preparation of systems and software handbooks, flight rules, de- 
tailed crew activity plans and procedures, development and imple- 
mentation of the mission control center (MCC) and network system 
requirements for each flight, and operations input to the planning 
for the selection and operation of Shuttle payloads. Specific flight 
planning activity encompasses the flight design, flight analysis, and 
software activities. Flight design products include conceptual flight 
profiles and operational flight profiles which are issued for each 
flight as well as support to the crew training simulations and flight 
techniques. In addition, the flight-dependent data located in the 
erasable memory (mission-to-mission changes) is developed in the 
flight design process for incorporation into the orbiter software, 
Shuttle mission simulator, and MCC systems. Integration includes 
orbiter sustaining engineering, payload integration into the Shut- 
tle, system integration of the flight hardware elements, orbiter 
launch support services to the launch site and flight development 
and verification software. The software activities include the devel- 
opment, formulation, and verification support of the guidance, tar- 
geting, and navigation systems software requirements in the orbit- 
er. Support includes base operations support to Shuttle operations 
at  JSC and systems level support a t  JSC, Headquarters, and God- 
dard. Currently, the resources for Flight Operations are focused 
upon fixing a backlog of system discrepancies and incorporating a 
large number of changes to ground systems hardware, software, 
and procedures including those resulting from the ongoing process 
of analysis and decision-making in the wake of the Challenger acci- 
dent. Those changes, as well as the long lead time in certain areas 
of flight preparation (e.g. payload analytical integration) require 
that work be underway now for the early Shuttle flights. Flight 
preparation, training of ground and flight crews (including system- 
wide integrated simulations), and other functions are being carried 
out. These efforts are being held to the minimum level required to 
prepare for the planned resumption of Shuttle flights. 

The Flight Operations portion of the Shuttle Operations budget 
continues to support that activity predominately associated with 
the effort at JSC to plan for and conduct the on-orbit portion of 
STS missions from launch to landing. The functions are essentially 
the same as in the past: maintain and operate all the ground facili- 
ties necessary for flight preparation and execution, and to instruct 
the flight and ground controller crews; maintenance and operation 
of proficiency, training and orbiter ferry aircraft and to perform 
analyses and operation of the mission planning necessary to con- 
duct and control each mission. It also includes the sustaining engi- 
neering required to intergrate all flight and ground elements and 
to assure systems safety and integrity; the analytical integration of 
the payloads into the orbiter and the planning to assure compat- 
ibility and verification of interfaces; and support of crew operations 
and training programs. Orbiter engineering manpower continues 
the required support of procedure and hardware modifications re- 
sulting from the FMEAICIL reviews in addition to the sustaining 
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engineering activities that ensure maintainability, reliability, and 
anomaly resolution during operations. 

FLIGHT HARDWARE 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

~ ~~ 

Estimated fiscal Authorization 1 fiscal "ear 1988 I vear 1987 

Orbiter .............................................................. ....I $366 100 000 . $278,300,000 
Solid rocket booster ............................................. : 251:600:000 1 317,800,000 
External tank .......................................................... 318,300,000 1 327,000,000 

............................................................ Total ' 936,000,000 1 923,100,000 
~~ 

The Flight Hardware program element provides for the procure- 
ment of external tank (ET), the manufacturing and refurbishment 
of solid rocket booster (SRB) hardware and motors, spare compo- 
nents for the main engine (SSME); orbiter spares including ET dis- 
connects, sustaining engineering and logistics support for ET/SRB/ 
main engine flight hardware elements; and maintenance and oper- 
ation of flight crew equipment. Included in the funding request for 
tanks and boosters are the long lead time raw materials, subassem- 
blies, and subsystems necessary to sustain the production of these 
elements in a manner consistent with the increasing flight rate. 
Production phasing of these elements is based on the current flight 
traffic model and is structured to maintain a smooth and efficient 
buildup of the production capability. In the ET, production contin- 
ues at a minimum level of activity to retain manufacturing capabil- 
ity. The orbiter line element includes orbiter spares for replenish- 
ment of line and shop replaceable units, the manpower for support- 
ing the logistics operation, and the repair capability for flight hard- 
ware. SSME includes component and engine overhauls, flight sup- 
port, and procurement of replacement spare parts. Also included 
are provision for the fixed level of annual support for the liquid hy- 
drogen plant and replaceable spares field support, and mainte- 
nance of crew-related equipment. Some examples of orbiter spare 
equipment are fuel cells, tiles for thermal protection, tape record- 
ers, leading edge support structures, wheels, brakes and pyrotech- 
nics. The crew-related equipment activities include support to the 
pre-flight training and flight usage of the extravehicular maneu- 
vering unit, emergency portable oxygen systems, radiation instru- 
mentation, survival radios, closed-circuit television cameras, medi- 
cal support, and food and other galley-related items. The majority 
of the crew equipment tasks transitioned into the consolidated 
Flight Equipment Processing Contract (FEPC) during FY 1986 from 
16 earlier contracts. 

Requirements for orbiter flight spares, crew equipment spares, 
and logistics are based on estimates that consider projected flight 
rates, maintenance schedules, operational hours, turnaround times, 
and lead times to procure or repair flight hardware. The budget 
provides replenishment line and shop replaceable units, as well as 
the manpower to support the overhaul and repair activity for the 
orbiter, extravehicular maneuvering unit and other crew equip- 



ment. The flight equipment processing contract (FEPC) which was 
initiated during FY 1986 is continuing its buildup to full capability 
to support the projected flight rates. Main engine hardware pro- 
vides for manufacturing and delivery of overhauled engines, engine 
component spares and flight support. Flight hardware require- 
ments activity for the SRB and ET include the procurement of the 
materials and !ahor reqluired fnr refilrbishment ~ l n d  fabrication of 
units which will be flown during FY 1988, as well as the support of 
the production of units which will be flown thereafter. 

LAC.XC:: A>:= LAx=:::c OrEn,A.r:=::s 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Estimated fiscal 
year 1987  

~ Estimated fiscal ~ Authorization 
year 1987 , fiscal year 1988 

Authorization 
fiscal year 1 9 8 8  

Launch operatlons ................................................. 1 $315,100,000 . $352,400,000 
Payload and launch support ............................ : 38,200,000 ’ 49,200,000 

Total ............................................................... 1 YY;i,Y00.000 , 401.600.000 

Launch and Landing Operations provides for the manpower and 
materials to process and prepare the Shuttle flight hardware ele- 
ments for iaunch as they flow through the ground processing facili- 
ties at KSC. Standard service processing and preparation of pay- 
loads as they are integrated into the orbiter are also funded by this 
category as is procurement of liquid propellants for launch and 
base support. Support to landing operations at  KSC and contingen- 
cy sites, as required, is also provided. 

Operation of the launch and landing facilities and equipment at 
KSC is the primary function of the Shuttle Processing Contractor 
(SPC). This include stacking and mating of the flight hardware ele- 
ments into a launch vehicle configuration, verification of the 
launch configuration, and operation of the launch processing 
system prior to lift-off. Support manpower is also provided by the 
SPC for booster retrieval operations, configuration control, logis- 
tics, transportation and inventory management. 

Base support to the Shuttle program is provided by the Base Op- 
erations Contract (BOC) which will complete its fourth full year of 
operation in January 1987. The BOC is responsible for operations 
support functions such as printing and graphics, calibration of in- 
strumentation, and evaluation, test and modification to launch s u p  
port equipment. 

Other launch support services included in this budget are main- 
tenance and repair of the central data subsystem, which supports 
both Shuttle processing as an on-line element of the launch proc- 
essing system, range support provided by the DOD, Shuttle related 
data management functions such as work control and test proce- 
dures, 2nd pyrchase of eqgipment, supplies and services not related 
to me mutt ie  rrocessing contractor. 

The Payload and Ground Operations Control (PGOC) is the third 
and final consolidation contract for KSC operations and will be the 
major contract for the payload processins artivities Mrhnnel l  
Douglas was selected as the PGOC as the result of a competitive 

procurement and it is anticipated that the contractor will begin 
tansition in January 1987. PGOC will also be the primary contrac- 
tor for Spacelab and Space Station payload processing at  KSC, 
funded under their respective budgets. 

Launch operations funding in FY 1988 provides for manpower 
and support services necessary for processing launches from KSC. 
This includes manpower to prncess t,he huild-up of the SRE’s, mate 
the boosters and tanks; process the orbiter; mate the orbiter to the 
integrated SRB’s and tank; process and checkout integrated flight 
elements through launch; retrieve the SRB’s for refurbishment; 
znc! ;upport :aiding of the oi-bibi e:iiiiar ai Kn& or ai a contingen- 
cy landing site when required. Funding also supports the manpow- 
er required for sustaining engineering, spares provisioning, logis- 
tics, launch processing system operation and maintenance, and 
maintenance/modifications of all other Shuttle related ground sup- 
port equipment and facilities. 

Payload and launch support funding provides propellants for 
launch operations and base support, and contractor support for the 
assembly of individual payloads into a total cargo. This element in- 
cludes providing launch site support managers to payload custom- 
ers, verifying cargo-to-orbiter interface, and providing operations 
maintenance and logistic support to cargo support equipment such 
as cargo integration test equipment and multi-mission payload sup 
port equipment and to the payload support areas including the 
Vertical Processing Facility, operations and checkout building, and 
cargo hazardous servicing facilities. Support required for maintain- 
ing the Dryden Flight Research Facility as a contingency landing 
site is also included. 
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3. SPACE AND GROUND NETWORKS, COMMUNICATIONS AND DATA 
SYSTEM 

NASA REQUEST, $948,900,000 

AUTHORIZATION, $913,900,000 

FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

Space networks .......................................................... 
Ground networks 250,100,000 257,100,000 ....................................................... 
Communications and data systems ........................ 

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

The Committee reduced the NASA request by $35,000,000 to slow 
the completion of the TDRS replacement. In adopting the reduction 
from the request level for the replacement TDRS spacecraft, the 
Committee fully recognizes that this will result in about a one-year 
6e!zy i:: dc!i7eiy 22% fei TDRS-7 and a poieiitiai increase in iotai 
cost. The Committee’s action is predicated on the assumption that 
successful deployment of TDRS-3, 4, and 5 will allow storage of 
TDRS-6 and a phased replacement requirement for TDRS-7 that 
can accommodate this delay. However, unforeseen events that may 



affect the successful launch of TDRS-3, 4, or 5 may result in an 
earlier than planned requirement for TDRS-7. Thus, the Commit- 
tee’s action implies an increased risk of a reduced capability for the 
TDRS constellation. 

The purpose of this program is to provide vital tracking, teleme- 
try, command, data acquisition, communications and data process- 
ing support to meet the requirements of all NASA flight projects. 
In addition to NASA flight projects, support is provided on a reim- 
bursable basis for projects of the Department of Defense (DOD), 
other Government agencies, commercial firms, and other countries 
and international organizations engaged in space research. 

Support is provided for Earth orbital, planetary and solar system 
exploration missions, research aircraft, sounding rockets and bal- 
loons. Included in Earth orbital support are the Space Shuttle 
Spacelabs, and scientific and applications missions. The various 
types of support provided include: (a) tracking to determine the po- 
sition and trajectory of vehicles in space; (b) acquisition of scientific 
and space applications data from on-board experiments and sen- 
sors; (c) acquisition of engineering data on the performance of 
spacecraft and launch vehicle systems; (d) reception television 
transmission from space vehicles; (e) transmission of commands 
from ground stations to the spacecraft; (f l  communications with as- 
tronauts; (g) transfer of information between the various ground fa- 
cilities and control centers; and (h) processing of data acquired 
from the launch vehicles and spacecraft. Such support is essential 
for achieving the scientific objectives of all flight missions and for 
executing the critical decisions which must be made to assure the 
success of these missions. 

Tracking and acquisition of data for the spaceflight projects is 
presently accomplished through the use of a worldwide network of 
NASA ground stations, and by the first of a system of three track- 
ing and data relay satellites in geosynchronous orbit working with 
a single highly specialized ground station. Ground facilities are 
interconnected by terrestrial and communications satellite circuits 
which tie together the spacecraft and control centers for control of 
the missions. 

To meet the support requirements levied by the wide variety and 
large number of flight projects, NASA has three basic support ca- 
pabilities to meet the needs of all classes of NASA flight missions. 
These are the Spaceflight Tracking and Data Network (STDN), 
which supports Earth orbital missions; the Deep Space Network 
(DSN), which primarily supports planetary and interplanetary 
flight missions; and the Space Network including the Tracking and 
Data Relay Satellite System (TDRSS), which will provide all low 
Earth orbital mission support when it becomes fully operational. 

The STDN will provide Earth orbital support until the TDRSS 
becomes operational. At that time the STDN phasedown will con- 
tinue with the closure of several ground stations. The DSN, under 
the management of the Jet Propulsion Laboratory (JPL), provides 
support to geosynchronous, highly elliptical, and planetary and 
solar system exploration missions, as well as support to those 
spacecraft, now in low-Earth orbit, which are not compatible with 
TDRSS. 

Tracking and data relay satellite system 
(TDRSS) ................................................................. 

Space network operations ........................................ 
Systems engineering and support .......................... 

Highly specialized computation facilities provide real-time infor- 
mation for mission control and process into meaningful form the 
large amounts of scientific, applications, and engineering data 
which are collected from flight projects. In addition, instrumenta- 
tion facilities are provided for support of sounding rocket launch- 
ings and flight testing of aeronautical research aircraft. 

The Space Flight, Control and Data Communications appropriat- 
tion includes the Space Network, Ground Networks, and Communi- 
cations and Data Systems elements of the program, and provides 
funds for: (a) the cost of TDRSS service; (b) operations and mainte- 
nance of the tracking, data acquisition, mission control, data proc- 
essing and communications facilities; and (c) the engineering serv- 
ices and procurement of equipment to sustain and modify the vari- 
ous systems to support continuing, new, and changing flight project 
requirements. 

SPACE NETWORK 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

$301,500,000 
43,700,000 
28,100,000 

1 1 0  

1 Estimated fiscal 
Year 1987 

Authorization 
fiscal Year 1988 

$325,000,000 
44,400,000 
27,000,000 
41,000,000 

9,100,000 

446,500,000 

The Space Network consists of the Tracking and Data Relay Sat- 
ellite System (TDRSS) and a number of NASA ground elements to 
provide the necessary tracking, telemetry, command, and commu- 
nications services to low Earth orbital spacecraft. The TDRSS 
itself, when fully operational, will consist of a three satellite con- 
stellation including an on-orbit spare in geostationary orbit and 
ground facilities located at White Sands, New Mexico. From the 
White Sands location, satellite and ground communication links 
interconnect the NASA elements of the network and any remotely 
located user facilities. 

The FY 1988 request includes funding for: repayment of the 
loans extended by the Federal Financing Bank of TDRSS develop 
ment; maintenance and operation of the White Sands complex and 
other NASA elements of the network; support activities such as 
systems engineering, documentation and mission planning; equip- 
ment modification and replacement; analytical studies to define the 
spacecraft required for the next generation TDRSS; the procure- 
ment of an additional TDRS spacecraft to replace the one lost in 
the Challenger accident; and the implementation of a second 
ground terminal a t  White Sands. 
Tracking and Data Relay Satellite System 

The Tracking and Data Relay Satellite System (TDRSS) objective 
is to provide communications service between the user spacecraft 
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and ground facilities. The relay satellites provide space-to-space 
communications to and from the user satellites and relay these 
communications to the ground via the White Sands facilities which 
are interconnected with the other elements of the network. From 
their position in geostationary orbit, the TDRS's can provide nearly 
a six-fold increase in the orbital coverage provided by ground track- 
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ranging up to 300 megabits per second. 
The TDRS-1 was launched in April 1983, and since that time it 

has supported Shuttle missions, including Spacelabs, and free flyer 
missions such as the Solar Maximum Mission isiviivij, Earth Ea&- 
ation Budget Satellite (ERBS), Landsat, and Solar Mesopheric Ex- 
plorer (SME). The TDRS-2 was destroyed in the Challenger acci- 
dent in January 1986. The four remaining spacecraft are undergo- 
ing modifications to be compatible with Shuttle safety require- 
ments and are in various stages of construction, assembly and re- 
testing. Launch of the next TDRS is scheduled for the first quarter 
of 1988 on the first Shuttle mission when flights resume. The third 
TDRS is scheduled far launch in the !ast half of 19%. Once these 
two spacecrzft have been successfully launched and the system 
achieves operational status, TDRS-1 will become the on-orbit spare. 

Under the terms of the TDRSS service contract, loans were ex- 
tended by the Federal Financing Bank (FFB) to Space Communica- 
tions Company (SCC), the owner-operator of the TDRShS, for pro- 
gram development. Under the terms of the loan agreement and as- 
signment, NASA repays these loans directly to the FFB. In addi- 
tion, NASA will make payments to SCC for the operation and 
maintenance of the White Sands complex and for completion of sat- 
ellite construction and other support provided during the year. 
Funding is also included for studies to define the next generation 
of relay statellites and the required technology. 

Of the amount requested in FY 1988, approximately $227 million 
is for the FFB loan repayments. The remainder of the request is 
for continuing spacecraft construction, modification, test, storage, 
and assembly, launch related costs and operation and maintenance 
of the White Sands Ground Terminal. 
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Space Network Operations 
The objectives of Space Network Operations is to provide for the 

operation and maintenance of the associated NASA ground sys- 
tems and facilities which, when combined with TDRSS, provide a 
full array of reliable tracking, telemetry. command, and commun- 
nications services to user spacecraft in low Earth orbit. Each of 
these NASA network elements performs specific functions for the 
Space Network. 

The NASA Ground Terminal (NGT) monitors TDRSS perform- 
ance, provides fault isolation monitoring for the network, and 
serves as the communications inferface between White Sands and 
all other facilities. The Network Control Center (NCC) schedules 
TDRSS services for all user spacecraft, and the E'hght Dynamics ~~~ ~~ 

Facility (FDF) provides orbit -determination, trajectory analysis, 
and position location for flight missions supported by the Space 

works. The Bilateration Ranging Transponder System (BRTS) pro- 
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vides precision location and orbit determination information for 
the TDRSS. The Simulations Operations Center (SOC) and the 
Compatibility Test Vans (CTV) provide necessary per-launch test- 
ing, simulations, and interface verification for both user spacecraft 
and the various network elements to assure the operational readi- 
ness of the network to support a given mission. 
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integrated operational system. The overall system has provided 
service to a variety of missions, including Shuttle and Spacelab, 
since TDRS-1 became operational. Effort is continuing to achieve 
an operational configuration that will be capable ot supporting an 
expanded workload in the late 1980's. 

The funding request provides for services to operate the network 
24 hours a day, seven days per week, and for related hardware and 
software maintenance. Funding is also provided for a variety of 
support activities such as operational analysis, mission planning, 
simulations, user compatibility testing, and documentation. 
System Engineering and Support 

The objective of Systems Engineering and Support is to provide 
the engineering services and hardware required to sustain and 
modify the NASA elements of the Space Network. Engineering 
services are supplied through the operations and maintenance con- 
tract and a number of small engineering service contracts which 
provide highly specialized support. 

Preparations continue to assure ground system readiness for the 
resumption of Shuttle flights including the upcoming. TDRS 
launches and for full network operation once the TDRSS is oper- 
ational. There is ongoing activity to sustain system reliability for 
current users and preparations are underway to meet the support 
requirements of upcoming missions such as the Hubble Space Tele- 
scope. In the Network Control Center (NCC), equipment modifica- 
tions and replacements are being made and software development 
continues to improve TDRSS user access and operational reliabil- 
ity. 

Funds are requested to provide systems engineering, perform- 
ance and operations analysis, minor facility modifications, network 
readiness testing and interface verification, sustaining engineering 
support, test equipment, and vendor maintenance for specialized 
equipment and subsystems within the Space Network. Design and 
analytical studies will be conducted on a wide variety of items, 
ranging from subsystem modification to meet new mission require- 
ments or to correct operations deficiencies to the analysis of radio 
frequency environment for potential impact to network systems. 
Funds are also requested for continued software development for 
the NCC and ongoing hardware implementation, replacement, and 
modification. 
TDRS Replacement Spacecraft 

A contract has been awarded to TRW, the sub-contractor for the 
TDRS space segment, to provide a repacement spacecraft and long/ 
lead parts for an optional additional spacecraft. During the pro- 

and components no longer available and recommend design 
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changes to increase spacecraft safety and reliability. The design ob- 
jective is to provide a functionally identical satellite with minimal 
change from the current spacecraft and which is fully compatible 
with the exkting system. 

The requested funding will provide for continuing the develop 
ment phase of the program which is scheduled for initiation in 
mid-1987. This will include the acquisition of parts, materials, and 
subsystems as well as detailed system design. 
Second TDRSS Ground Terminal (STGT) 

The objective of this program is to provide a backup to the exist- 
ing ground terminal at White Sands, New Mexico, to insure conti- 
nuity of service and to minimize the potential loss of critical space 
assets including data. The existing terminal is a single point of fail- 
ure for the entire Space Network, and a catastrophic failure of this 
terminal could result in a nearly complete loss of NASA communi- 
cations and data gathering capabilities for earth orbiting missions. 
In addition, the present terminal has experienced temporary serv- 
ice outages due to equipment failure which could have been avoid- 
ed with a backup terminal. 

Due to the aging of the equipment, replacement of major subsys- 
tems and components in the existing terminal will eventually be 
required, necessitating an alternate means of conducting network 
operations while the replacement activity is underway. The addi- 
tion of a second ground terminal will provide the necessary alter- 
native means for continuing operational support while the existing 
terminal is down during the replacement. 

Because the design of the current terminal is limited to full oper- 
ation of two TDRS spacecraft, a second terminal will also provide 
the additional flexibility to operate more spacecraft if, as anticipat- 
ed, mission requirements exceed the two satellite operations capa- 
bility in the mid-1990's. 

A competitive award for two preliminary design contracts will be 
made in late FY 1987. The FY 1988 request includes funds for com- 
pleting these design efforts and for development of system specifi- 
cations for the implementation phase. A competitive award to a 
single contractor for implementation is planned for late FY 1988. 
Initial funding for the implementation phase is also included in the 
request. 

GROUND NETWORKS 
FISCAL YEARS 1987 AND 1988 FUNDING LEVELS 

I Estimated fiscal 
I "em 19% 

I 
Spaceflight tracking and data network systems ' 

Spaceflight tracking and data network oper- 

Deep space network systems implementation .....i 
Deep space network operations ............................... 
Aeronautics, balloons, and sounding rocket 

implementation ....................................................... $3,900,000 

ations 81,400,000 
44,000,000 
93,300,000 

~ ~ . ~ O O , O O O  

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

support systems implementation ........................ ' 

Authorization 
fiscal year 19P8 

$3,300,000 

85,500,000 
49,000,000 
94,100,000 

8,500,000 

112 . -  
Estmated fiscal 1 Authorization 

1 
year 1987 1 fiscal year 1988 

support operations ................................................. 
Total ................................................................. 250,100,000 257,100,000 

Aeronautics, balloons, and sounding rocket 

The Ground Networks program provides support to the three 
broad categories of missions: earth orbital spaceflight; planetary 
and solar system exploration; and aeronautics, balloons and sound- 
ing rockets. Earth orbital support is provided primarily by the Spa- 
ceflight Tracking and Data Network (STDN), a network of eight 
geographically dispersed ground stations. The Deep Space Network 
with ground stations located at three sites approximately 120 de- 
grees apart in longitude, provides support to the planetary and 
solar system exploration missions as well as earth orbital missions 
not supportable by TDRSS. Aeronautics, balloons and sounding 
rocket research is supported by specially instrumented ranges as 
well as mobile systems. 

Funding for the Ground Networks provides for operation and 
maintenance of the worldwide tracking facilities, engineering s u p  
port, and the procurement of hardware and software to sustain and 
modify network capabilities. The workload in FY 1988 will include 
support to the Space Shuttle and support to ongoing missions such 
as Dynamic Explorer (DE), International Ultraviolet Explorer 
(IUE), and Solar Maximum Mission (SMM). Preparation will be un- 
derway for the upcoming 1989 Voyager-Neptune encounter and 
future planetary missions including Galileo, Ulysses, Magellan, and 
Mars Observer. Aircraft test programs will also be supported. 
Spaceflight Tracking and Data Network Systems Implementation 

The Spaceflight Tracking and Data Network (STDN) Systems Im- 
plementation program encompasses the procurement of hardware 
and attendant engineering services to sustain, modify, and replace 
existing network capabilities to ensure reliable tracking, command 
and data acquisition support to NASA's spaceflight missions. 

The FY 1988 request includes funds for replacement of obsolete 
and difficult-to-maintain equipment a t  the eight tracking stations 
and other network facilities. The funds requested also provide for 
the procurement of major subsystem spares, the replacement of 
older test equipment, and minor equipment modifications resulting 
from changes in support requirements. 

Funds are also required to upgrade equipment systems and sub- 
systems a t  those facilities to be retained after TDRSS is operation- 
al. These facilities include the Merritt Island, Florida and Bermuda 
STDN stations which provide prelaunch, launch, and shuttle land- 
ing support, as well as limited orbital support. Also included is the 
orbital tracking facility a t  the Wallops Flight Facility which pro- 
vides orbital tracking support. 
Spaceflight Tracking and Data Network Operations 

The primary function of the Spaceflight Tracking and Data Net- 
work (STDN) system is to support NASA's earth orbiting space- 
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vides launch support to NASA planetary missions, and on a reim- 
bursable basis, spaceflight missions of other United States govern- 
ment agencies (NOAA and DOD) and other nations. 

The STDN presently consists of eight geographically dispersed 
ground stations. They are located at: Merritt Island, Florida; 
Kauai, Hawaii; Guam; Ascension Island; Dakar, Senegal; Bermuda; 
‘sntisgo, Chile and Ysrrsgadeo, Anstrs!ia. Each of these statims, 
with the exception of Yarragadee, have the capability to electroni- 
cally track spacecraft, send commands for spacecraft and experi- 
ment control purposes, and receive and display engineering and sci- 
entific data from the spacecraft. in  the case of manned fights, they 
also maintain voice communications for crew operations and safety 
and other project-related purposes. The Yarragadee, Australia sta- 
tion provides only air-to-ground voice communication with the 
Space Shuttle astronauts. 

The STDN will undergo a highly significant change from its cur- 
rent state when the Space Network achieves operational status. At 
that time five STDN stations will cease operations and either close 
or be transferred to other organizations. These stations are Ascen- 
sion Island, Guam, Hawaii, Santiago, and Yarragadee. Dakar will 
close when the Space Network is capable of supporting the ascent 
phase of STS missions. The two remaining stations at Merritt 
Island and Bermuda will provide prelaunch. launch. and Shuttle 
landing support as well as limited orbital support. 

The FY 1988 funding request provides for a full year of operation 
of the eight STDN stations. In addition to the costs of operating the 
eight STDN stations, the request includes funding for logistics sup- 
port, network planning, scheduling, control center operations, engi- 
neering, documentation, and software programming support. Logis- 
tics support funded under this program is provided to a variety of 
users such as the Deep Space Network, NASA Communications 
Network, Wallops Flight Facility, and spacecraft control centers a t  
GSFC. 
Deep Space Network (DSN) 

The role of the Deep Space Network (DSN) is to provide the com- 
munication link between each of NASA’s planetary spacecraft and 
the Earth. The DSN is responsible for receiving science and engi- 
neering data and providing the navigation, command and control 
capabilities from the ground to a wide variety of spacecraft ranging 
in distance from earth orbit to over 6.0 billion kilometers from 
earth. The DSN also has support responsibility for several space- 
craft in earth orbit that are not supportable by the TDRSS. 

The systems and facilities required to support spacecraft a t  the 
limits of the solar system are highly specialized and include the 
use of large aperture antennas electronically configured in an 
array to receive the extremely weak radio signals. The antennas 
use ultrasensitive, cryogenically-cooled receivers and powerful 

required for precise navigation of distant spacecraft. Advanced 
data handling systems are required at both the DSN complexes and 
the Network Operations Control Center. 
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spectrum planned for launch in 1989, the ground network is being 
equipped to transmit commands in this frequency range. Initially, 
the 34-meter antennas at Goldstone, Spain and Australia will have 
this capability. Not only will Galileo utilize this new frequency for 
spacecraft telecommunications, but it will also use a new precision 
tracking capability to perform experiments designed to detect per- 
tnrhationa i n  the gravity field caused by co!!apsir?g quasars. Since 
other deep space missions will also utilize X-band, it is planned to 
implement this capability on most of the remaining antennas in 
the DSN by 1992. 

Tile ;our major objectives for the DSX in the iate i98u‘s are as 
follows: (1) to provide communications channels to scientific space- 
craft a t  ever-increasing distances and to provide the capability to 
receive images ai these great distances; (2) to increase the frequen- 
cy range and data rate capability of the ground network to accom- 
modate new spacecraft requirements; (3) to provide support for a 
new set of spacecraft which will include non TDRSS compatible 
highly eliptical earth orbiters and synchronous earth orbital mis- 
s:ons; and ($1 to provide the improved navigation capabilities re- 
quired for precise spacecraft targeting and probe delivery. 

These objectives continue to represent a significant challenge to 
the DSN. The most distant planetary encounter will be with Nep- 
tune by Voyager 2 in late 1989. This encounter will occur some 4.5 
billion kilometers from earth. At the time, Voyager 2 is expected to 
transmit the first high resolution images ever received from a 
spacecraft at such a distance. To meet the challenge, an expansion 
of the 64-meter antennas to 70 meters is currently underway. This 
expansion along with multiple antenna arraying (signal combining) 
of radiotelescopes in New Mexico and Australia, will provide the 
increased signal capturing capability for our first look at  Neptune. 

Future deep space missions which will be supported by the DSN 
include Galileo, Ulysses, Magellan and Mars Observer. 

Funding in the FY 1988 request provides for continuing the evo- 
lution of the DSN, taking advantage of the latest technologies to 
meet increasingly complex support requirements. Included are new 
capabilities needed to meet the more stringent navigation and 
spacecraft-ground telecommunications requirements. 

Funds are included in the 1988 budget to implement the new ca- 
pabilities required for the planned Magellan and Mars Observer 
missions. These capabilities include telemetry system modifications 
to handle the high data rates and extensive changes to the receiver 
system required by spacecraft signal dynamics. 

The X-band transmission capability being implemented at  the 
new 34-meter sites require modifications to the antenna feed sys- 
tems and the addition of a transmitter to the antennas which are 
currrently in a “listen only” configuration. Extensive improve- 
ments to the ground tracking systems are required in 1988 to pro- 
vide the navigation accuracy necessary for the Galileo probe re- 
!else. This missicr, event rcq-ircs thnt thc position of the space- 
craft be precisely known in order that the probe, when released, 
will follow the correct ballistic trajectory into the Jovian atmos- 
phere. 
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Work will continue in 1988 in preparation for the Voyager 2 
spacecraft encounter with Neptune in late 1989. This activity con- 
sists of implementation of an X-band receive 2apability for the 
Very Large Array radiotelescope at  Socorro, New Mexico (which 
will be arrayed with the Goldstone, California antennas) and the 
64-meter radiotelescope antenna at  Psrkes, Australia (which will 
be arrayed with the Goldstone, California antennas) and the 64- 
meter radiotelescope antenna at  Parkes, Australia (which will be 
arrayed with the DSN antennas at  Canberra, Australia). 

This program also includes funds for sustaining type activity in 
the DSN such as reliability modifications, operational improve- 
ments, and replacement of obsolete equipment a t  the signal proc- 
essing centers, the three DSN complexes and a t  the Network Con- 
trol Center a t  Pasadena, California. 
Deep Space Network Operations 

The three Deep Space Network (DSN) complex locations-Gold- 
stone, California; Canberra, Australia; and Madrid, Spain-are ap- 
proximately 120 degrees apart in longitude to permit continuous 
viewing of planetary and solar system spacecraft. After completion 
of the project in 1988 to expand the diameter of the 64-meter an- 
tenna dishes to 70 meters, each complex will have four antennas: 
one 70-meter, two 34-meter and one 26-meter. A centralized control 
center for the network is located at  the Jet Propulsion Laboratory 
(JPL) in Pasadena, California. 

The Voyager-2 spacecraft encounter with Uranus in January 
1986 provided the first detailed information on that distant planet. 
Voyager-1 is now over 4 billion kilometers from earth on a trajecto- 
ry that will take it out of the solar system. The Pioneer-10 space- 
craft is beyond the orbit of Neptune, and is the first man-made 
object to leave the solar system. It now takes just under ten hours 
for a radio signal, traveling a t  the speed of light, to make the 
round trip between earth and Pioneer-IO. The Pioneer-11 space- 
craft, some 3.4 billion kilometers from earth, continues to be 
tracked. The Pioneer-6 through 8 spacecraft are provided support 
during solar conjunctions and gravity wave experiments. 

The DNS facilities are also used on a non-interference basis for 
ground based measurements in support of experiments in plane- 
tary radar mapping and in the field of radio astronomy. The ultra- 
sensitive network antennas are being used in an attempt to learn 
more about pulsar high energy sources, quasars, and other inter- 
stellar and intergalactic phenomena. 

The DSN operations funding provides for the maintenance and 
operation of network facilities and the support and engineering 
effort required for continuing operation of the network. The expect- 
ed DSN workload in 1988 consists of support for the two Voyager 
spacecraft, the six ongoing Pioneer spacecraft (Pioneer 6, 7, 8, 10, 
11 and Pioneer Venus), Active Magnetosphere Particle Tracer Ex- 
plorer, International Sun Earth Explorer-1 and -2, Nimbus-7, Dy- 
namics Explorer, and International Comet Explore?. Provision has 
also been made in the DSN to provide emergency backup support 
for Space Shuttle, TDRSS and Hubble Space Telescope. 

Aeronautics. Balloons and Soundmg Rocket Support Systems 
Implementation 

The facilities of the Aeronautics, Balloon and Sounding Rocket 
(AB&SR) program encompass the ground support capabilities re- 
quired to capture the scientific and engineering data from aircraft, 
balloons, sounding rockets and some low earth orbiting vehicles en- 
gaged in scientific research. The primary fixed facilities are located 
a t  the Wallops Flight Facility (WFF), the Ames Research Center 
(ARC) and the Dryden Flight Research Facility (DFRF). 

The Wallops Flight Facility, under the management of GSFC, op- 
erates an extensive range at  Wallops Island, Virginia, which sup- 
ports aeronautics research as well as sounding rocket and small 
weather balloon launches. In 1986, a capability was established at 
WFF to provide tracking and data acquisition support to certain 
low earth orbiting satellites to supplement the capabilities of the 
Spaceflight Tracking and Data Network (STDN). WFF Also man- 
ages the operation of off-site ranges located a t  the White Sands 
Missile Range, New Mexico; Poker Flats Research Range, Fair- 
banks, Alaska; and the National Scientific Balloon Facility, Pales- 
tine, Texas. Mobile campaigns for balloon and sounding rocket 
launches are conducted at various sites throughout the world. 

The ranges at  Moffett Field, Crows Landing and the Dryden 
Flight Research Facility (DFRF), under the management of ARC, 
are configured to support aeronautics research. The DFRF also has 
the additional capability to support Shuttle landings. 

The AB&SR system implementation program is directed primari- 
ly a t  the systematic replacement of obsolete systems and the up- 
grade of these facilities to assure reliable support to NASA’s re- 
search programs. FY 1987 is the last year of a phased equipment 
replacement and refurbishment program which will insure reliable 
real-time data collection and handling support in the future. 

The aeronautical research efforts and scientific experiments 
using sounding rockets and balloons are programs of a continuing 
nature which generally require a constant level of support. Support 
for these programs requires fixed and mobile instrumentation sys- 
tems; namely, radar, telemetry, optical, communications, command, 
data handling and processing systems. To maintain these facilities, 
replacement parts must be acquired, and calibration equipment 
routinely replaced, and equipment refurbished or modified to 
assure reliable support. 
Aeronautics, Balloons and Sounding Rocket Support Operations 

The Operations element of the AB&SR Program includes the op- 
erations and maintenance of ground-based instrumentation sys- 
tems, both fixed and mobile, under the management of the Ames 
Research Center and the Goddard Space Flight Center. These fa- 
cilities support NASA aeronautics, sub-orbital and a limited 
number of low-earth orbit research programs. Funding provides for 
services and consumable supplies required to operate and maintain 
the radar, telemetry, data acquisition, data processing, data dis- 
play, communications and special purpose optical equipment essen- 
tial to the conduct of these research programs. 



The aeronautical test ranges at  the Dryden Flight Research Fa- 
cility and the Moffett Field Flight Complex (MFFC) under the aus- 
pices of the Ames Research Center maintain an active schedule of 
aeronautics research support. During F Y  1986, about 1300 missions 
were conducted at  DFRF and MFFC. Programs supported by the 
ranges encompassed a wide variety of activities including revolu- 
tionary aircraft configrations; advanced techno!ogies, high per- 
formance aircraft, highly integrated control systems and powered 
lift technologies. 

The GSFC managed activities supported aeronautics programs as 
nCill auulluiug I ULKCL, U ~ I I U U I I  alrd luw eariil orbiiing sateiiite 
programs. During 1986, approximately 290 aeronautics missions 
were supported at  the Wallops Flight Facility covering such pro- 
grams as Advanced Transport Operating Systems, A\'-BB full scale 
development tests, runway friction testing, microwave landing 
system operations testing, storm hazards research and general 
aviation light aircraft stall/spin research. The sounding rocket pro- 
gram conducted approximately 140 launches in FY 1986 which in- 
cluded 37 of the larger rockets with major scientific payloads. The 
remainder were the smaller meteorological and special purpose 
rockets supporting a variety of research programs. The balloon pro- 
gram had 122 launches during FY 1986. Low earth orbiting satel- 
lites supported included IUE, IMP-8 and Nimbus. 

Tne funding estimate for FY 1988 is based on a relatively con- 
stant level of mission support activity. Operations, maintenance, lo- 
gistical support and technical services for the ground-based fixed 
and mobile instrumentation systems will be continued in support of 
the ongoing sounding rocket, balloon, orbiting satellite and aero- 
nautical research programs. 

COMMUNICATIONS A N D  DATA SYSTEMS 
FISCAL YEARS 198 i  AND 198E FUNDING LEVELS 
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, Estimated fiscal Authorized fiscal 
year 19Ri year lA8b 

Communications systems implementation ....... $i,400.000 $fi,300,000 
Communications operations ............................. 91,700.000 ' 9i ,POO,OOO 
Mission facilities ...................................................... 12,200,000 1 7,400,000 

............................................... 28,000,000 Mission operations 23,i00,000 
Data processing systems implementation . . . . . .  I 28,400,000 22,300,000 
Data processing operations ............................... .' 42,100,000 49,000,000 

Total .......................................................... 205,S00,000 210,300,000 

Funds requested for the Communications and Data Systems pro- 
gram provide for the implementation and operation of facilities 
and systems which are required for data transmission, mission con- 
trol and data processing support. 

Communication circuits and services provide for the transmission 
of data among the remote tracking and data acquisition facilities, 
launch areas, and the mission control centers. Real-time informa- 
tion is crucial to determining the condition of the spacecraft and 

load control. Data received from the various spacecraft must be 
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processed into a usable form before transfer to control centers and 
experimenters. Missions supported include Shuttle, Spacelab, 
NASA scientific and application projects and international coopera- 
tive efforts. 

Major activities underway include the implementation of: (1 1 a 
mission control and data capture system for the Hubble Space Tel- 
Parope nnd (21 missinn 01 and data processing cap&i!ities f ~ r  
support of upcoming missions such as Spacelabs, Gamma Ray Ob- 
servatory (GRO) and Upper Atmosphere Research Satellite 
(UARS). In addition,, studies have been initiated to evaluate Space 

Communications Systems Implementation 
The objective of the Communications Systems Implementation 

program is to provide the necessary capability in NASA's Global 
Communications Network (NASCOM) to meet new program sup- 
port requirements, to increase the efficiency of the network, and to 
keep NASCOM at a high level of reliability for the transmission of 
data. NASCOM interconnects the tracking and data acquisition fa- 
cilities which support all flight projects; it also links such facilities 
as launch areas, test sites, and mission control centers. 

The major effort being initiated in NASCOM is the planning, en- 
gineering and equipment acquisition required to tie together the 
existing TDRS ground terminal at White Sands with the second 
TDRS ground terminal. This requires an integrated communica- 
tions capability for the control and transfer of data between the 
two facilities. 

The FY 1988 funding requirements will provide the sustaining 
equipment and modifications to support the NASCOM network and 
continue replacement of the voice and data message switching 
system at GSFC. Effort will continue on the implementation of a 
new voice intercom system for all the Project Operations Control 
Centers a t  GSFC. Additional funding will be provided to continue 
modifications to the fiber optic system at GSFC to handle high 
speed data, digital voice, and increased security requirements. 
Communications Operations 

NASA's Global Communications Network (NASCOM) intercon- 
nects, by means of leased voice, data, and wideband circuits, the 
tracking and data acquisition facilities which support all flight 
projects. Also, NASCOM links such facilities as launch areas, test 
sites, and mission control centers. Goddard Space Flight Center 
(GSFC) operates the NASCOM and serves as its major switching 
control point. In the interest of economy, reliability, and full utili- 
zation of trunk circuitry, subswitching centers have been estab- 
lished at key domestic and overseas locations. The NASA flight 
projects require the transfer of data between the mission control 
centers and the sites because of the need for real time control of 
spacecraft and on-board experiments. In addition, there are re- 
quirements to provide experiment data expeditiously to users for 
analysis. 

NASA's Program Support Communications Network (PSCN) in- 
terconnects hy means  of !eased voice, dats, and widebsnd circuits 
the NASA Centers, Headquarters, and major contractor locations 
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for the transfer of programmatic and administrative information. 
Marshall Space Flight Center (MSFC) operates the PSCN and 
serves as its major switching control point. 

The FY 1988 funding requirements for Communications will pro- 
vide the circuits and service required to operate and maintain the 
NASA Global Communications Network. International communica- 
tions satellites and cables will continue to provide digital wideband 
services to all the overseas tracking stations. Domestic satellite sys- 
tems and terrestrial networks will continue to service the continen- 
tal United States stations. With the reactivation of the Shuttle net- 
work and the trend toward fiber optic systems there will be a dra- 
matic increase in the use of digital technology in NASCOM with a 
corresponding decrease in the use of analog technology. 

In addition, funds are included for PSCN which provide for the 
circuits and facilities for programmatic and day-to-day operations 
such as facsimile, teleconferencing, data transmission, and comput- 
er-to-computer data sharing for NASA Centers and Headquarters. 
In FY 1988, funds are required to operate and maintain the PSC 
network hardware and wideband satellite and terrestrial circuits a t  
all NASA locations and selected contractor sites. The network will 
support all NASA programs and projects such as the Shuttle, 
Hubble Space Telescope, and Space Station management informa- 
tion system. In addition, the network will support office automa- 
tion and institutional information systems. 
Mission Facilities 

The Mission Facilities Implementation program provides the ca- 
pabilities needed for the command and control of NASA’s un- 
manned scientific and applications satellite programs. Command 
and control of the spacecraft and on-board experiments are carried 
out via the Payload Operations Control Centers (POCC’s) and relat- 
ed Mission Support Systems. 

The POCC’s are responsible for the receipt, processing, and dis- 
play of spacecraft engineering data and the transmission of com- 
mands. Four POCC’s currently monitor and control numerous 
spacecraft. In addition, a new dedicated control center is under de- 
velopment to control the Hubble Space Telescope scheduled for 
launch in late calendar year 1988. Related mission support systems 
include a Johnson Space Center/Goddard Space Flight Center 
Shuttle POCC Interface Facility (SPIF) and a Mission Planning 
System to plan and schedule spacecraft support. 

The FY 1988 funding requirements will provide for Hubble Space 
Telescope prelaunch systems testing and software to control the ac- 
curate pointing of the telescope and the on-orbit power consump 
tion of the spacecraft subsystem and scientific instruments. 

In addition, FY 1988 funds are included for modifications to the 
existing Multisatellite Operations Control Center (MSOCC) for con- 
trol of the Gamma Ray Observatory (GRO), Cosmic Background Ex- 
plorer (COBE), Upper Atmosphere Research Satellite (UARS), and 
various Shuttle attached payloads. In FY 1988 control center modi- 
fications to permit spacecraft payload operations from user facili- 
ties will be underway. This new concept which is planned for use 
with Space Station will provide operational efficiencies for experi- 
menters. 

Mission Operations 116 
The Mission Operations program in FY 1988 will provide for the 

operation of the five Payload Operations Control Centers (POCC’s) 
and the related software and support services necessary for the 
monitoring and control of eight in-orbit spacecraft and prelaunch 
preparations for four spacecraft. 

The POCC’s, which are the control facilities for spacecraft/pay- 
load operations, have the capability for receiving, processing, and 
displaying spacecraft engineering and telemetry data and for send- 
ing commands to the spacecraft. Commands transmitted to the 
spacecraft include both emergency commands resulting from deci- 
sions made by the spacecraft analysts and preplanned command se- 
quences generated in advance to carry out the mission objectives. 
Each POCC is operated 24 hours per day, 7 days per week in mis- 
sion support. For Shuttle launches with attached payloads, for 
which GSFC has responsibility, there is a specialized GSFC Shuttle 
Payload Interface Facility (SPIF) which processes and provides for 
the display of Shuttle-unique data that is necessary for payload 
control. 

The FY 1988 budget request includes funds to operate the 
POCC’s and supporting facilities for control of on-orbit missions 
and control center software development for supporting upcoming 
missions. In FY 1988, the new Hubble Space Telescope POCC will 
be in the final stages of spacecraft and ground systems testing. A 
major activity that will be conducted in this facility is the oper- 
ational checkout and calibration of the total ground system, the 
spacecraft and its scientific instruments. Also in FY 1988, software 
development activities will continue to increase for the GRO and 
UARS missions. Software to enable the POCC to control the COBE 
will continue along with SPIF software development. 

Also included in the FY 1988 budget request are funds for soft- 
ware and related support services which include maintenance of a 
software library, computer-generation of command sequences, 
equipment maintenance, engineering, logistics and documentation 
services. 
Data Processing Systems Implementation 

The Data Processing Systems Implementation program provides 
for the procurement of equipment and related services for the large 
data processing and computation systems a t  the Goddard Space 
Flight Center (GSFC) which support both the operational and pay- 
load requirements of space missions. To meet operational require- 
ments, these systems determine spacecraft attitude and orbit and 
generate on-board commands to the spacecraft subsystems. In sup 
port of spacecraft payloads, the systems process the data from sci- 
ence and applications experiments for subsequent transfer to the 
experimenters for analysis. 

Major computation capabilities include the Flight Dynamics Fa- 
cility which performs the real time attitude, orbit computation and 
flight maneuver control functions and the Command Management 
System which provides memory management for on-board comput- 
ers. In addition, there are four major systems for processing data: 
(1) the Telemetry On-Line Processing System (TELOPS) which rou- 



tinely supports a number of Earth-orbiting spacecraft; (2) the 
Image Processing Facility (IPFJ which generates products for 
Nimbus 7; 13) the Spacelab Data Processing Facility (SLDPF) which 
supported the Spacelab 1, 2, 3, and D1 missions and the Shuttle Im- 
aging Radar-B experiment; and (4) the Hubble Space Telescope 
Data Capture Facility (HSTDCF) which will capture, process, and 
fnnuard tn the Scienre Institute Facility the packetized teiemetry 
data from the Hubble Space Telescope spacecraft. 

Significant activities in this program continue at GSFC to keep 
the large systems viable and, responsive to project support require- 
menu. irnplerueniaiiun c u i i i ~ i ~ u r s  UII i i t w -  j y j t t t i l j  to p i . o i e ~  data 
from the Gamma Ray Observatory (GRO) and the Upper Atmos- 
phere Research Satellite (UARS) missions. 

AI-- >U Include is the development G f  a test bed facility to be wed. 
for prototyping, testing, and evaluating maturing technologies re- 
sulting from the Advanced Systems programs. Promising technol- 
ogies for application to future support will be investigated in the 
areas of remote payload operation and control, expert systems, 
high speed data processing, high !cvc! !n;lp.~~gzs, ncd :.cry large 
scale integration (VLSII 

The FY 1988 budget request will provide continued funding for 
phased replacement of the existing computation systems at  GSFC 
which provide real-time support to NASA spacecraft. Funding is 
also included for completing replacement of display equipment and 
for large application software programs for the Trajectory Compu- 
tation Orbit Products System (TCOPS). In addition, the request pro- 
vides for the improvement/upgrade of the Flight Dynamics Facility 
(FDFI and for systems studies in autonomous navigation. 

Funds are required in FY 1988 to continue that implementation 
of an institutional packet telemetry processing system with the 
GRO as its first user. This facility will capture, error check, and 
ship real-time, quick-look and production data to various users. The 
"packet" telemetry concept allows the scientific data of an experi- 
ment to be handled with minimum involvement by the ground 
system, thus reducing ground data processing time as well as en- 
suring faster delivery of data to the experimenters. 

The FY 1988 budget request includes funds to continue the up- 
grade of the existing TELOPS system in order to develop a generic 
time division multiplexed (TDM) system for processing data of 
which the UARS will be the first user. The handling of UARS data 
will serve as a baseline for providing such support to other users 
allowing for tradeoffs between development costs and support risks 
for future missions. Funds are also requested for upgrading the 
data processing capabilities at GSFC to facilitate the exchange of 
data within the data processing complex and with other mission 
support facilities. This upgrading will also expedite the shipment of 
science data to users. 

inere is a continuing requirement to procure and maintain an 

high-maintenance electronic modules, i r ~  prowde test equipment, 
and to undertake minor modifications and hardware fabrication as- 
sociated with new equipment installation and reconfiguration. 
Funds are included in the request for continuing the evaluation of 
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Space Station support requirements and the capabilities needed to 
meet the requirements. 
Data Processing Operutions 

Information received in the form of tracking and telemetry data 
from the various spacecraft must be processed into a usable form 
before transfer to control centers and experimenters. This transfor- 
mation and computation process is performed as part of the data 
processing function and applies to a wide variety of programs, 
ranging from the small explorer satellites to complex imaging type 

In addition to the actual processing of data, upcoming projects 
require extensive prelaunch orbit analysis including spacecraft po- 
sition and attitude predictions. Analyses are also required to devel- 
op operational sequences and procedures to be used during the 
actual operation of these complex spacecraft. 

Telemetry data is the primary product of spacecraft, and it is 
through reduction and analysis of this data by the experimenters 
that the planned objectives are achieved. Data is processed to sepa- 
rate the information obtained from various scientific experiments 
aboard the spacecraft, consolidate information for each experiment- 
er, determine spacecraft attitude, and correlate these measure- 
ments with spacecraft position data. Four facilities, the Image 
Precessing Faci!itj. IIPF!. t h e  Telemetry On-Line Processing Systeni 
(TELOPS), the Spacelab Data Processing Facility (SLDPF), and the 
Hubble Space Telescope Data Capture Facility (HSTDCF) have 
been established at  the Goddard Space Flight Center to pre-process 
different types of raw experimental data. 

The IPF, initially established to handle image data from the 
Landsat-1, has supported Landsat-2 and Landsat-3 and presently is 
processing data from the Nimbus mission. The Nimbus spacecraft 
is being supported with an  all-digital system using high density re- 
corders and computer compatible tapes. This system is being used 
to process data, required for climatic and meteorological studies, 
into film and digital tape products. The digital data can be manipu- 
lated in the scientist's computer with specific algorithms to en- 
hance the interpretation of the data and related phenomena. 

The TELOPS handles satellite non-image data which is received 
in a digital form from the tracking stations via NASCOM. It is ca- 
pable of electronically storing large volumes of telemetry data, 
thus eliminating most of the tape and tape handling operations. 
Facility management, maintenance and operations, and software 
development support for the image and non-image data processing 
facilities are also provided. The operation of the SLDPF is included 
along with software development and maintenance required for at- 
titude determination, flight maneuvers, and mission simulations. 

The FY 1988 budget request provides for operation of the various 
computation and data processing facilities including the SLDPF 
which requires maintenance of unique hardware and software for 

Application software development, prototyping, and syu atem test- 
ing activities are continuing. Kequirements definition and analysis 
have been initiated in support of uncoming sp_ce science and appli- 
cations missions such as Cosmic Background Kxplorer, Gamma Ray 

spacP!Eh .Ed ne.lir2te.l Eisrip!ine Lzbcrztcry (DEL) missions. 
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CONSTRUCTION OF FACILITIES 
Observatory, Shuttle attached payloads, and the Upper Atmc- 
sphere Research Satellite. For on-orbit spacecraft, software devel- 
opment and maintenance is required on a continuing basis in order 
to perform flight control manuever operations and for the data 
processing activities. 

SUMMARY 
NASA REQUEST, $195,500,000 

AUTHORIZATION, $185,500,000 
The Construction of Facilities (CofF) authorization of appropria- 

tions provides contractual services for the repair, rehabilitation 
and modification of existing facilities; the construction of new fa- 
cilities; the acquisition of related facility equipment; the design of 
facilities projects; and advance planning related to future facilities 
needs. 

The funds requested for 1988 provide for: The continuation of 
prior year endeavors in meeting the facilities requirements for 
Space Flight and the Space Programs; modification of aeronautical 
research and development facilities; repair, rehabilitation and 
modification of other facilities to maintain, upgrade and improve 
the usefulness of the NASA physical plant; minor construction of 
new facilities; and facility planning and design activities. In addi- 
tion, and as a separate Program under the Facilities Engineering 
Division, funds are also requested for environmental compliance 
and restoration. 

The projects and amounts in the budget estimate reflect Space 
Flight requirements that are time sensitive to meet specific mile- 
stones. Other program requirements for 1988 include the construc- 
tion of a spacecraft systems development and integration facility as 
well as modifications for utility reliability a t  the Goddard Space 
Flight Center; construction of an integrated test facility at Dryden 
Flight Research Facility; modifications to the Hypersonic Propul- 
sion Facility for Vacuum Systems at the Langley Research Center; 
construction of an addition to the Research Analysis Center and 
modifications for Fan/Compressor Research to the Engine Re- 
search Building at  the Lewis Research Center; and the Construc- 
tion of a Communications Development Antenna a t  Goldstone, 
California. 

The FY 1988 program continues to meet the objectives of pre- 
serving and enhancing the capabilities and usefulness of existing 
facilities and ensuring safe economical and efficient use of the 
NASA physical plant. This request continues the necessary reha- 
bilitation and modification program begun in prior years and con- 
tinues a repair program. The purpose of the repair program is to 
restore facilities to a condition substantially equivalent to their 
original design capability. The minor construction program contin- 
ues to provide a means to accomplish smaller facility projects 
which accommodate changes in technical and institutional require- 
ments. The Environmental Compliance and Restoration Program 
will assure that statutory environmental requirements will be met 
and any necessary remedial action promptly taken. 

Funds requested for facility planning and design cover require- 
ments for potential future projects, master planning, facilities stud- 



ies, engineering reports and studies and the preparation of facility 
project design drawings and bid specifications. 

The budget authority requested for FY 1988 is $195,500.000. In- 
cluding the Environmental compliance and Restoration Program 
with estimated outlays of $151,749,000. 
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1. CONSTRUCTION OF LC 39 OPERATIONS SUPPORT BUILDING- 
JOHN F. KENNEDY SPACE CENTER, ~22,~00.000 

For the construction of the Launch Complex 39 operations sup- 
port building at the Kennedy Space Center, the committee added 
$5.8 million to provide for a minimum of 60,000 square feet of addi- 
tional space over the current design. The building proposed by 
NASA will not accommodate the number of people at the Center 
who need adequate facilities near the Vehicular Assembly Build- 
ing. Approximately 400 people will not be accommodated. 

The temporary accommodations are not safe or efficient. Access 
to central services such as computation, reproduction, and confer- 
ence centers is remote. Quarters are cramped and some desks are 
shared by more than one person. 

This project will provide permanent office facilities for Shuttle 
support personnel currently in temporary relocittable housfFg in 

v ~ i i l c l c :  n = a r u l u i y  uuiiuiiig t v A D J  ar-ea. I lit: uuiiding W I I I  pro- 
vide office space for approximately 1,550 civil service and contrac- 
tor personnel, and improve morale, efficiency, and save consider- 
able maintenance and replacement costs associated with the tempo- 
rary housing. 
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Another important benefit of the permanent facility is the sig- 
nificantly lower operation and maintenance cost as compared to 
the existing temporary housing. The savings in FY 1990 is estimat- 
ed to be in excess of $800,000 per year and will escalate thereafter. 
Because trailers have a short life cycle, additional savings will be 
realized by avoiding future temporary housing replacement costs. 

This project provides for the construction of an approximately 
188,00U-square-foot, five-story, concrete and steel building. The 
building is to be located in the VAB area adjacent to the recently 
constructed Multi-function Facility (K6-1145). The project site de- 

and also include the demolition/relocation of the existing small 
buildings on the site including the Security Patrol Headquarters 
(k6-1148), Electrical Shop (K6-1 l%r, and Temporary TPS Building 
(K6-1095); and the construction of a replacement 12,000-square-foot 
security facility a t  a nearby site. 
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2. CONSTRUCTION OF SPACECRAFT SYSTEMS DEVELOPMENT AND 
INTEGRATION FACILITY-GODDARD SPACE FLIGHT CENTER, $s,soo,ooo 
This project provides the second and final increment of funding 

for an addition to the Building 7/10/15 complex to provide a Space- 
craft Systems Development and Integration Facility. This facility is 
essential to meet impending programmatic needs such as satellite 
servicing, continuing Explorer series spacecraft integration, and 
meeting new Space Station commitments. The existing facilities 
represent a 20-year-old, obsolete capability, which is fully utilized 
and not adequate for current program requirements. The first in- 
crement (FY 1987) provides the site preparation and a basic build- 
ing structure. This final increment is required to provide a com- 
plete and useable facility. 

This facility will significantly enhance GSFC's ability to retain 
and maintain the necessary in-house expertise in research, develop- 
ment, integration, and test activities and keep GSFC viable as an 
institution at  the forefront of space programs. 

The facility addition includes a 12,500-square-foot high-bay lam- 
inar flow clean room with 90,000 cubic feet per minute of class 100 
filtered air entering the room at  the north side through a state-of- 
the-art floor-to-ceiling, wall-to-wall, high-efficiency particulate air 
(HEPA) filter bank. This filtering system will produce a cleanliness 
level of a t  least class 10,000 within all work stations in a room ca- 
pable of accommodating the development and integration of two 
full shuttle bay payloads. Other features of the addition include a 
%-ton crane in the staging, shipping and receiving area; a passen- 
ger/freight elevator; a dual type electrical power system to provide 
redundancy; and a fire protection and utility control system which 
will be connected to the center wide utility control system. 

3. MODIFlCATION FOR UTILITY RELIABILITY-GODDARD SPACE FLIGHT 

This prcject pTOBjdPS fnr  incre"-".' r&ishi!ity =f t'-c &&&id 
Space Flight Center (GSFC) chilled water and electrical distribu- 
tion systems which support communications and control of the 
Tracking and Data Relay Satellite System, Shuttle flights, major 
space science and applications satellites and DOD missions. The 



present system provides emergency backup electrical power for 
critical data acquisition and communications equipment but no 
backup for cooling of the same equipment. The result is that a 
short-term electrical failure shuts down the electronic equipment 
because of overheating even though electrical power is still avail- 
able. This project will provide short-term backup for the cooling 
systems to allow the safeing of satellites and the orderly shutdown 
of control and communication equipment. 

In order to keep pace with the rise in demand for services, new 
computers and communications equipment have been added or 
have replaced older models. Facilities to support this equipment 
have also been constructed. This includes chillers for increased 
chilled water distribution necessary to cool the electronic equip- 
ment. Secondary (or backup) utility systems especially for cooling 
were not included. No additional backup diesel generators have 
been added since 1965. The result is that backup power capability 
to fully operate the existing cooling system during electrical power 
shortage is not adequate. While commercial power is normally reli- 
able, the present air-conditioning system is essentially disabled by 
short power interruption. While critical electronic equipment is 
supported by uninterruptable power supplies (UPS) for 15 minutes, 
without cooling, computer spaces overheat and require operating 
equipment to be shut down within 5 minutes. The spacecraft must 
be placed into a “safe” mode within these 5 minutes and this 
causes abrupt cessation of satellite control and data handling. By 
providing uninterrupted air-conditioning support for a t  least 15 
minutes, this project will provide adequate protection against the 
short-term failures which are the most likely to occur. 

Small emergency power plants will be provided to operate chilled 
water pumps, critical air handlers, booster pumps and controls. A 
500KW diesel, now excess to the Ground Tracking System will be 
located near Building 24 and a battery backup system will be locat- 
ed at  the 3/13/14 complex to provide electrical power for operation 
of the chilled water system for a least 15 minutes. Automatic 
valves also will be installed in the chilled water distribution system 
for isolation of critical areas. Controls for this system will be locat- 
ed in the power house. A 100,000-gallon chilled water reservoir will 
be constructed to provide 15-minute (minimum) cooling. 

4. CONSTRUCTION OF INTEGRATED TEST FACILITY-DRYDEN FLIGHT 
RESEARCH FACILITY, $10,500,000 

This project will complete the construction of the Integrated Test 
Facility (ITF) to provide an adequate ground testing facility to  help 
NASA maintain its preeminence in aeronautical research. The fa- 
cility will provide aircraft test areas and computer laboratory space 
to test complex and highly interactive/integrated systems of both 
present and future aircraft. This increment provides the exterior 
cladding, mechanical and electrical systems, and interior architec- 
tural finishes. 

Existing facilities are only able to support a limited number of 
system driven aircraft. This has the effect of forcing each new pro- 
gram to purchase specialized test equipment to meet the needs of 
new requirements. 

The construction provided by this project will complete the de- 
ferred portion of the originally authorized FY 1987 increment. De- 
ferring part of the project into the FY 1988 program was consid- 
ered prudent based on construction schedules, long lead deliveries, 
and budget constraints. The FY 1987 increment provided for site 
preparation, utilities, and the building’s structural steel framing. 
This increment will complete the facility. 

The project provides for contruction of a 112,000-square foot Inte- 
grated Test Facility composed of six aircraft hangar-type test bays 
totaling 53,000 square feet and an adjoining 59,000-square foot two- 
story masonry structure housing computer,‘ laboratory, office, and 
technical support areas. Each of the six test bays will be large 
enough to house conventional and/or experimental type fighter or 
research aircraft, or three bays can be opened to accommodate 
large aircraft. Each test bay will be provided with data bus and dis- 
crete interface control and logic points, power (115VAC, 208VAC, 
28VDC, 270VDC a t  400 H, and 60H,), cooling air for aircraft sys- 
tems, hydraulic support systems, ambient heating systems, indus- 
trial waste collection systems, fire suppression, shop air, overhead 
cranes, and shielding. At least one bay will be provided with EM1 
shielding to protect sensitive electronic systems from externally 
generated electromagnetic radiation. The laboratories and shop 
areas will be provided with power, HVAC, plumbing, fire detection 
and suppression, a central 4,000 psig hydraulic system manifolded 
throughout the complex, compressed air, lighting, and emergency 
power. Also to be provided is a building grounding system includ- 
ing separate aircraft test system grounds, lightning protection, and 
landscaping. The site preparation, utilities, and the building’s 
structural steel framing was provided by the FY 1987 increment. 

5. MODIFICATIONS TO HYPERSONIC PROPULSION FACILITY TO ADD NEW 
VACUUM SYSTEM-LANGLEY RESEARCH CENTER, $3,100,000 

This project will modify the existing hypersonic propulsion facili- 
ties to provide scramjet research capability by installing a new 
vacuum system. 

Hypersonic Propulsion Test Cells 1 and 2, and the Scramjet Test 
Facilitv a t  the Lanalev Research Center are the only facilities in 
NASA” for small-sFale, high-run-frequency scramjet (supersonic 
combustion ramjet) combustor and inlet-combuster component inte- 
gration engine testing. Together they provide a general purpose ca- 
pability for supporting research in scramjet combustor design, fuel 
injector configurations, ignition, flameholding, hypersonic inlet per- 
formance, and complete subscale engine performance. 

The Langley facilities represent a substantial national asset for 
the extension of scramjet technology. NASA Langley has the only 
broad-based, comprehensive technology program in the country re- 
lated to sustained hypersonic flight in the atmosphere. These facili- 
ties have been utilized extensively over the last several years in re- 
search related to highly airframe-integrated, hydrogen-fueled 
engine concepts. In addition, the U.S. Navy has conducted studies 
over several years that show the scramjet to be the preferred pro- 
pulsion option for several defense requirements. 

This project provides for the following: (1) a 7O-foot vacuum 
sphere; (2) approximately 200 feet of 4-fOOt vacuum lines, three 
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remotespration isolation valves, cooling system, and blowout dia- 

provide steam for the ejector (approximately 26,000 pounds per 
hour of steam). 

The sphere will be located adjacent to the rear of the Building 
1221 in an area previously occupied by air dryers. Piping from the 
test cells to the sphere will be run from the downstream end of the 
test cells, out the roof (similar to current exhaust system), and 
across to the sphere. 
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6. CONSTRUCTION OF ADDITION TO THE RESEARCH ANALYSIS CENTER- 
LEWIS RESEARCH CENTER. %9.800,000 

This project will prohihit cn addi t ie~  to the Research P.r.o!psis 
Center of approximately 46,000 square feet to accommodate the ad- 
ditional ADP equipment along with the support services and per- 
sonnel required to satisfy accelerated computational requirements 
a t  LeRC. The demand for additional equipment and services has 
greatly increased since the RAC was completed in 1980 because of 
that theoretical, scientific, and engineering changes a t  LeRC which 
required increased computational support. 

The increased workload has resulted in accelerating the augmen- 
tation of the IBM 370/3033AP system which was to be implement- 
ed over a period of 6 years, but instead had to be accomplished in 
less than 3 years in order to keep up with demands. 

In addition, the recent acquisitions of both the Cray 1572200 and 
the two Andahl 5 8 4  computer systems were also a resuit of in- 
creased workloads. 

The proposed expansion of the Research Analysis Center will be 
a two-story brick and metal panel addition, located on the north 
side of the existing Building No. 142. The expansion will have a 
gross floor area of approximately 46,000 square feet. 

Modifications will also be performed in the existing building to 
accommodate the expansion. In addition, a chiller building of 3,200 
square feet will be built just west of the project. Existing HVAC, 
water supply, and plumbing systems will be extended to the addi- 
tion. Electrical work includes power for equipment, interior and ex- 
terior lighting, and communications systems. Transformer and dis- 
tribution equipment will be provided along with modification to the 
existing switchgear equipment. Fire protection includes installation 
of a preaction sprinkler system in the operations area along with 
smoke detectors throughout the Computer Operations and Support 
Areas. Existing security systems will be extended to the addition. 

The existing north service drive and the north parking lot will be 
reworked and expanded to accommodate the addition. An addition- 
al parking lot will be build east of the building across Walcott 
Road. The south parking lot will also be reworked and expanded. A 
total of 78 new parking spaces will be added. The site development 
will include landscaping, and installation and repair of lawn areas. 
7 MODIFICATIONS FOR FAN /COMPRESSOR RESEARCH. ENGINE RESEARCH 

BL'lLDIXG- LEWIS RESEARCH CENTER, $€.500,00C 
This =r+ct prc.;i&s fGr mo&ficatioiij to Bui:&ngs 5 an: 23 of 

the Engine Research Building Complex and of the Refrigeration 
Building 9 at the Lewis Research Center, to extend the range of 

high-pressure ratio compressor research by precisely controlling 12 1 
s p e d  arid air iemperaiure. T'nis capabiiity is necessary to test a 
new generation of fans and compressors that are a part of the ad- 
vanced gas turbine propulsion system. The project will replace and 
upgrade the controls and instrumentation components of the vari- 
able frequency system and will extend the refrigerated air system 
to the ERB complex. 

To achieve the needed research data it is necessary to obtain a 
miirh greater acccracg of flow prcpertp measnremcnts at higher 
fanlcompressor pressure ratios than has been possible in the past. 
This greater accuracy can be accomplished by using the laser velo- 
cimeter for flow property measurements, but the speed of the re- 
search package must remain stabie over ionger periods of time 
than is now possible with the existing regulators and control 
system. Additionally, the air temperature must be maintained low 
enough to ensure flourescence of the dye seed used to measure the 
flow. This project will provide a fivefold improvement in the regu- 
lation capability of the speed control system. A new regulation 
system will also be more reliable and easier to maintain. The 
present system was installed in 1940 and is controlled by outdated 
components which are EO longer manufactured. 

The modification to the variable frequency system will provide 
for replacement of the 40-year-old mechanical and electrical compo- 
nents (motor generator sets, switchgear, contactors and relays) with 
present-day technology equipment. The modifications also include 
replacement of the existing vacuum tube variable frequency con- 
trol system with a solid-state control system. A programmable con- 
troller which will provide master control for the regulators and 
control switching for parallel operation of the 1,500 kVA frequency 
converters is also included. Sensors for interfacing converter selec- 
tion to the master control will also be added, and monitoring and 
control devices on existing test cell operator's panel will be re- 
placed. 

Also provided is a refrigerated air system with a flow capacity of 
60 pounds per second at  10 psig pressure and minus 70 "F tempera- 
ture. The work includes the installation of a turbo expander with 
air compressor brake; an intercooler; regulated refrigeration equip- 
ment; controls and instrumentation; and refrigerated air piping be- 
tween ERB and Building 9. The equipment for this refrigeration 
system will be located in a 1,200-square foot addition to Building 9. 

8 CONSTRUCTION OF COMMUNICATIONS DEVELOPMENT, GOLDSTONE, 
CALIFORNIA, $6,400,000 

This project provides for the construction of a high-efficiency 34- 
meter Deep Space Network development antenna at  the Coldstone 
Deep Space Communications Complex, and will replace the existing 
obsolete 26-meter development antenna. The 34-meter antenna will 
allow development of high-efficiency transmitting and receiving ca- 
pabilities a t  Ka-band and improvement in antenna pointing. These 
improvements will significantly increase spacecraft tracking data 
rates and navigation precision as well as enhance radio science 

The construction of a new configuration high-performance 34- 
meter wheel and track type, azimuth-elevation antenna will be lo- 

measui-eiiiei.ii capabiiiiies. 



cated at Goldstone immediately adjacent to the site of the existing 
DSS-13 26-meter development antenna, and will be site-adapted to 
use existing facilities and utilities. 

The project includes the installation of the antenna structure, 
mechanical drives and controls, and beam waveguide as well as the 
construction of the foundation and antenna-mounted equipment en- 
closures. Also included in this project is the construction of a 2,000- 
square foot concrete block building to provide engineering offices, 
laboratories, shops, and storage which are now located in six badly 
deteriorated trailers. 

9 REPAIR OF FACILITIES. NOT IN EXCESS OF $750.000 PER PROJECT, AT 
VARIOCS LOCATIONS, $2.5,000.000 

These resources will provide for large repairs to facilities at 
NASA field installations and Government-owned industrial plants 
supporting NASA activities. Included in the request are those facil- 
ity repair needs for FY 1988 that can be foreseen at  the time of the 
submission of these estimates, and are not to exceed $750,000 per 
project. The thrust of this program is to provide a means to restore 
facilities or components thereof, including collateral equipment, to 
a condition substantially equivalent to their originally intended 
and designed capability. The request includes the substantially 
equivalent replacement of utility systems and collateral equipment 
necessitated by incipient or actual breakdown. This work also in- 
cludes major preventive measures which are normally accom- 
plished on a cyclic schedule of greater than 1 year. 

The major thrust of this repair program, as well as the rehabili- 
tation and modification programs, is to preserve the Agency’s $4.0 
billion (as of September 30, 1986) physical plant. 

This repair program has been distilled from requests for FY 1988 
exceeding 650,000,000, and thus represents a modest request in re- 
lation to the continuing backlog of this type of work. Based on rela- 
tive urgency and expected return on investment, the projects which 
comprise this request are of the highest priority. Deferral of this 
mission-essential work would adversely affect the availiabilty of 
critical facilities and program schedules. 

During the course of the year, it is recognized that some rear- 
rangement of priority may be necessary. This may force a change 
in some of the items to be accomplished. Any such change, howev- 
er, will be accomplished within total available repair resources. 
Summary of project amounts bv location 4”,’,,,,>, 

Amrs Research Center . . . . . . . . . . . . . . . . . . . . . . . . .  6 1,960,000 

Goddard Space Flight Center . . . . . . . . .  
Jet Propulsion Laboratory . . . . . . . . . . . . . . . . . .  

Kennedy Space Center 2,(rlS.000 
Langley Research Center . . . . . . . . . . .  . . . . . . . . . . . .  3. I 5n.ooo 

Dryden Flight Research Fac;lity . . . . . . . . . . . . . . . . . . . . .  230,000 

Johnson Space Center . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2,,060,000 

Lewis Resesarch Center . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2,K3.000 
Marshall Space Flight Center . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.290.00fl 
Michoud Assembly Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.030.0f~n 
National Space Techology Laboratorles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2,220,000 
Wallops Flight Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .......... l . .iiO.nOO 

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

Varaious Locations .................................................................. ‘210:000 
Miscellaneous projects less than $150,000 each ............................. 895,000 

Total es,noo,noo .......................................................................... 

10. REHABILITATION AND MODIFICATION OF FACILITIES AT VARIOUS 
LOCATIONS, NOT IN EXCESS OF $750,000 PER PROJECT, $32,000,000 

These resources will provide for the rehabilitation and modifica- 
tion of facilities a t  NASA field installations and Government- 
owned industrial plants supporting NASA activities. Included in 
this request are those facility rehabilitation and modification needs 
for FY 1988 that have been fully identified at the time of the sub- 
mission of these estimates, and are estimated not to exceed 
$750,000 per project. The purpose of this program may include 
some restoration of current functional capability but also includes 
enhancement of the condition of a facility so that it can more effec- 
tively accomplish its designated purpose or increase its functional 
capability. 

Based on the initial investment costs, the NASA Capital Type 
Property totals approximately $7.7 billion (September 30, 19861, of 
which the physical plant comprises some $4.0 billion. A continuing 
program of rehabilitation and modification of these facilities is re- 
quired to: 

a. Protect the capital investment in these facilities by minimizing 
the cumulative effects of wear and deterioration. 

b. Ensure that these facilities are continuously available and 
that they operate at peak efficiency. 

c. Improve the capabilities and usefulness of these facilties and 
thereby mitigate the effects of obsolescence. 

d. Provide a better and safer environment for all personnel. 
Based on relative urgency and expected return on investment, 

the projects which comprise this request are the highest priority 
requirements. Deferral of this missionessential work would ad- 
versely impact the availability of critical facilities, program sched- 
ules, and energy conservation objectives. Only those projects esti- 
mated to cost less than $150,000 have not been individually de- 
scribed or identified by Center. The total cost of these miscellane- 
ous projects is $1,685,000. 
Summary of projects amounts by location: Arnounl 

Ames Research Center ................................................................................. $1,345,000 
Dryden Flight Research Center ................................................................ 1,235,000 
Goddard Space Flight Center .............................................................. 3,100,000 
Jet  Propulsion Laboratory ......................................................................... 1,270,000 
Johnson Space Center ......................................................................... 3,040,000 
Kennedy Space Center ........................................................................ 3,820,000 
Langley Research Center ........................................................................ 3,000,000 
Lewis Research Center .......................................................................... 3,060,000 
Marshall Space Fligh: Center ............................................................... 3,500,000 
Michoud Assembly Facility ....................................................................... 1,970,000 
National Space Technology Laboratories ................................................ 2,220,000 
Wallops Flight Facility ..................................................................... 1,610,000 
Various Locations ................................................................................. 1,145,000 
Miscellaneous projects not exceeding $150.000 each ............................. 1,685,000 
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Total ............................................................................................... 32,000.000 

11. MINOR CONSTRUCTION OF NEW FACILITIES AND ADDITIONS TO EXIST- 
ING FACILITIES, NOT IN EXCESS OF $500,000 PER PROJECT, AT VARIOUS 
LOCATIONS, $8,000,000 
These resources will provide for minor facility construction at 

NASA field installations and Government-owned industrial plants 
supporting NASA activities. Each project included in this program 
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is estimated to cost not more than $500,000 and involves either the 
construction of new facilities or more additions to facilities. The FY 
1988 request of $8,000,000 will improve the usefulness of NASA’s 
physical plant by changing the utilization of or augmentlng the ca- 
pabilities of various facilities. Included in this request are those 
programmatic and institutional projects that are essential to the 
accui-1-iplishiiicnt cf mission ebjwtives. 

The configuration of NASA’s physical plant necessarily must re- 
spond to changes in utilization and adaptations required by 
changes in technology or in mission needs Demands are generated 
by research, development, test, and similar aciivitizs. 

Projects were selected on the basis of the relative urgency of 
each item and the expected return on the investment. During the 
course of the year, rearrangement of priorities may require 
changes in some of the items to be accomplished. Such changes will 
be accommodate within the resources allocated. 
Summarv of project amounts by location 

DrFden Flight Research Facility 
Goddard bpace I? light Gncer 
Jet Propulsion Laboratory 
Johnson Space Center 
Kennedj Space Center 
Langley Research Center 
h x , s  Rescnrch Center 
Marshall Space Flight Center 
Michoud Assembly Facillity 
National Space TechnologS Laboratories 
Wallops Flight Facility 
Varinuq Locations 

Total 

12 FACILITY PLANNING AND DESIGN. S16,OOO,UOU 

The funds requested in this estimate are required to provide for 
the following advance planning and design activities related to fa- 
cilities activitie and projects: 

(a) The accomplishment of necessary development and master 
Dlannine for field installations and, where not otherwise provided - 
for, the provision of continuing engineering support and special en- 
gineering management and other services. 

IbJ The preparation of preliminary engineering reports, cost esti- 
mates, and design and construction schedules. 

(c) The preparation of final construction plans, specifications, and 
associated cost estimates and schedules required to implement con- 
struction projects. 

(d) The accomplishment of facilities siting and other investiga- 
tions, studies and reports. 

Regular requirements encompass the basic purposes outlined 
above. The “other requirements,” while also in support of “regu- 
lar” purposes, cover those special needs related to large, complex 
projects or specific programs i-ofisidiiec! t~ represent high potential 
future construction requirements for which early definition is es- 
sential. The large projects require more planning and longer lead 
time. Much of this planning must be completed prior to inclusion 
of the project in a budget request. 

Regular requirements . . .  
Master planning . . . . . . . . . . . . . . . . . . .  . . .  
Sustaining engineering support . . . . . . . .  
Preliminary engineering reports and related 

. . . . . . . . . . . . .  . . . . . .  ~,fi;o.ono 
Final design.. . . . .  . . . . . . . . . . . . .  .i,100,000 

Other requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6,ioo,noo 

. . . . . . . . . .  

support . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 (;,~no,oon 
ENVIRONMENTAL COMPLIANCE AND RESTORATION 

VARIOUS LOCATIONS, %P:3,9llO,UO0 
PR0GRA.M. AT 

The Committee recnpizes the necessitv for a comprehensive en- 
vironmental program for the purpose of rectifying previous activi- 
ties resulting in the accumulation of waste products in cerain areas 
a t  NASA sites. In addition the Committee also recognizes that 
more recent environmental standards and regulations have re- 
quired changes in processes and equipment which are essential to 
maintaining a clear environment. For this reason, the Committee 
takes this action to identify a separate and distinct program enti- 
tled. “Environmental Compliance and Restoration Program” 
within the Facilities Engineering Division. NASA shall organize 
staff and conduct studies, assessments, design, and carry out reme- 
dial projects for environmental compliance and restoration meas- 
ures at NASA field installations and government-owned industrial 
piants supporting NASA’s activities. The purpose of the program is 
to enable compliance with statutory environmental requirements 
and standards. The resources authorized and appropriated pursu- 
ant to this program may not be applied to other activities. The pro- 
gram includes such measures as studies or assessments to deter- 
mine current status and options for remedial action, environmental 
restoration, hazardous waste removal and disposal, clean up of en- 
closures, and removal of unsafe buildings and debris. In establish- 
ing this program the Committee recognizes the need for flexibility 
in carrying out these tasks expeditiously. For these purposes the 
Committee authorizes twenty-three million nine hundred thousand 
dollars for FY 1988. In accordance with this authorization, the 
Committee requests a semi-annual report identifying total commit- 
ments and expenditures by category such as studies, assessments, 
and designs as well as by projects which are in excess of two mil- 
lion dollars each. The reports will be due by April 15th and Octo- 
ber 15th of each year and will cover the sixth month period preced- 
ing the report. 

These resources will provide for studies, assessments, design, and 
remedial projects for environmental compliance and restoration 
measures a t  NASA field installations and Government-owned in- 
dustrial plants supporting NASA activities. The purpose of this 
program is to enable compliance with mandatory statutory envi- 
ronmental requirements and standards. The resources authorized 
and appropriated pursuant to this program may not be applied to 
other activities. The program includes such measures as studies or 
assessments to determine currenr. siaius a d  optiuils foi- iemedia! 
action, environmental restoration, hazardous waste removal and 
disposal, cleanup and closures, and removal of unsafe buildings and 
debris. 



Deferral of these necessary remedial measures would make it im- 
possible for NASA to comply with environmental law and will 
cause shutdown of critical NASA operations by individual state or 
Federal environmental authorities. 

The following broad categories of work will be accomplished in 
Fiscal Year 1988. As studies, assessments, and designs progress, it 
is expected that priorities may change and reordering of activities, 
including studies, assessments, and design may be necessary. 
(a)  Air Pollution Abatement and Asbestos Management ................................ $4,000,000 
(b) Rehabilitation/Replacement of PCB Transformers .................................... 2,900,000 
(c)  Havlrdous Waste Monitoring and Control .................................................. 17,000,000 

Amounl 

Ames Research $800,000 

600,000 

Project Cost Estimates at Various Locations: ............................................................................................ 
Dryden Flight Research Facility ................................................................. 
Goddard Space Flight Center .................................................................. 
Jet Propulsion Laboratory .......................................................................... 1,610,000 
Johnson Space Center .................................................................................... 850,000 
Kennedy Space Center ................................................................................... 190,000 
Lewis Research Center ................................................................................. 650,000 
Marshall Space Flight Center ...................................................................... ?,OOO.OOO 
Michoud Assembly Facility .......................................................................... a.720,000 
National Space Technology Laboratories .................................................... 180,000 
Wallops Flight Facility .................................................................................. 530,000 
White Sands Test Facility. ............................................................................ 4,060,000 
Various Locations 2,660,000 
Miscellaneous Projects, less than $150,000 each, studies, assessments. 

and design ..................................................................................................... 3,400,000 

650,000 

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

An estimated $25,000,000 per year for the next several years will 
be required for continuing Environmental Restoratlon and Compll- 
ance. 

14. REHABILITATION OF AERONAUTICAL TEST FACILITIES, $10,000,000 

With regard to aeronautical facilities, the Committee notes that 
many of NASA’s wind tunnels are old, having been constructed in 
the 1940’s and 50’s. Furthermore, the rate of investment in reha- 
bilitation and modernization has been about one percent of the re- 
placement value per year, compared with the industry standard of 
about five percent. The result is a potentially serious situation in- 
volving structural failures, long testing delays, and safety prob- 
lems. A particularly serious example is the 12-foot pressure tunnel 
a t  Ames, which has been decertified because of numerous cracks in 
the pressure shell. The Committee believes annual investments of 
$60-100 million are needed to properly maintain these critical na- 
tional facilities. As a first step toward reaching this goal, the Com- 
mittee recommends an augmentation of $9.75 million to begin re- 
habilitation of the most seriously threatened wind tunnels. 

The Committee further recommends a $.25 million augmenta- 
tion to perform the preliminary engineering report for the acoustic 
treatment of the 4x7 meter tunnel a t  Langley. This modification is 
needed to permit noise testing of rotorcraft and turboprop aircraft, 
an activity that can only be performed in the Netherlands currently. 

year 1987 

RESEARCH AND PROGRAM MANAGEMENT 

NASA REQUEST, $1,598,000,000 

AUTHORIZATION, $1,605,000,000 

fiscal year 1988 
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Total ................................................................. 1,466,484,000 1,605,000,000 

Personnel and related costs ..................................... $1,023,015,000 $1,111,631,000 

Operation of installations ........................................ i i  406,269,000 443,057,000 
Travel 

General increase for 175 permanent aeronauti- 

.......................................................................... 37,200,000 43,312,000 

cal researchers ....................................................... 1 ................................. 1 7,000,000 



QLfic- of ,Cree Flight 
Johnson Space Center.-Management of the Space Shuttle pro- 

gram, including orbiter production and operation; selection and 
training of astronauts and mission specialists; Space Transporta- 
tion System Operations including mission planning, opertional pro- 
cedures and flight control; and management of the selected Space 
Station hardware and subsystems development and operations 
p!anning and definition 

Kennedy Space Center.-Launch of Space Shuttle flights; man- 
agement of the ground operational phase of the Space Transporta- 
tion System; the preparation and 1au:ch of pazloads 0-1 the Space 
Shurtie ana expenaaoie launcn venicies, ana apace atation oper- 
ational readiness planning. 

Marshall Space Flight Center.-Management of the Space Shut- 
tie main engine, solid rocket booster and external tank projects; 
management of NASA’s activities on the Spacelab project; manage- 
ment of large automated spacecraft projects such as the Hubble 
Space Telescope; conduct and development of experiments in mate- 
rials processing in space; and management of selected Space Sta- 

Na tiona 1 Space Technology La bora tories. -Space Shuttle engine 
testing; Earth resources research and technology transfer; and pro- 
vision of support service functions for other Government agencies 
located on site. 
Office of Space Science and Applications 

Goddard Space Flight Center.-Development and operation of 
Earth orbital flight experiments and automated spacecraft to con- 
duct scientific investigations and demonstrate practical applica- 
tions; management of tracking and data acquisition activities; man- 
agement of the Delta launch vehicle program; managemert and 
launch of sounding rockets and balloons; operation of an instru- 
mented flight range for aeronautical and space research; and devel- 
opment of the Space Station platforms and payload accommoda- 
tions. The Wallops Flight Facility is an operational element and 
component installation of the Goddard Space Flight Center. 
Office of Aeronautics and Space Technology 

Ames Research Center.-Conduct of activities involving experi- 
mental and theoretical aerodynamics research, computational fluid 
dynamics, aeronautical flight research and testing, rotorcraft tech- 
nology, short and vertical takeoff and landing technology, technol- 
ogy for transatmospheric vehicles, planetary probe research, life 
sciences, human factors, autonomous systems, guidance and con- 
trol, and operation of an alternate landing site for the Space Shut- 
tle operational missions. The Dryden Flight Research Facility, an 
operational element and component installation of Ames located in 
the Mojave Desert, is the site of advanced flight testing and Shuttle 
landings. 

Langley Research Center.-Conduct of subsonic aircraft research 
and technology, emphasizing fuel conservation, safety and environ- 
mental effects; hypersonic propulsion; experimental and theoretical 
aerodynamics; environmental quality monitoring by remote sens- 

*.̂ .. A,, hardware and subsystems. 

ing; advanced space systems technology; and research in the areas 
of structures and materials, guidance and controls, and airframe/ 
propulsion integration of the transatmospheric research and tech- 
nology program. 

Lewis Research Center.-Conduct of aeronautical and space pro- 
pulsion research and technology, including propulsion for the 
trans-atmospheric research and technclcgy prcgram; space coiiimu- 
nications research and technology; space energy systems research 
and technology; development of the Space Station power system; 
and- management of expendable launch vehicle programs. 

‘I’he lY88 budget provides the necessary resources to apply these 
in-house capabilities to program activities. A summary description 
of, and the funding required by functional category, follows. 

PERSONNEL AND RELATED COSTS 
NASA REQUEST, $1,111,631,000 

AUTHORIZATION, $1,111,69 1,000 

COMPENSATION AND BENEFITS 

1. Compensation 
a. Permanent Positions.-This part of Personnel and Related 

Costs covers the salaries of the full-time permanent civil service 
workforce and is the largest part of this functional category. 

b. Other Than Full-Time Permanent Positions.-This category in- 
cludes the salaries of NASA’s non-permanent workforce. Programs 
such as students participating in cooperative training, summer em- 
ployment, youth opportunity, and temporary clerical support are 
covered in this category. 

c. Reimbursable Detailees-In accordance with existing agree- 
ments, NASA reimburses the parent Federal organization for the 
salaries and related costs of persons detailed to NASA. 

d. Overtime ana! Other Compensation.-Overtime, holiday, post 
and night differential, and hazardous duty pay are included in this 
category. Also included are incentive awards for outstanding 
achievement and superior performance. 
2. Benefits 

In addition to compensation, NASA, as authorized and required 
by law, makes the employer’s contribution to personnel benefits. 
These benefits include contributions to the Civil Service Retire- 
ment Fund, the Federal Employees Retirment System, employees’ 
life and health insurance, payments to the Medicare fund for per- 
manent employees, and social security contributions for non-perma- 
nent personnel. Payments to the civil service retirement fund for 
reemployed annuitants and for severance pay to former employees 
involuntarily separated through no fault of their own are also in- 
cluded. 



SUPPORTING COSTS 

1. Transfer of Personnel 
Provided under this category are relocation costs required by 

law, such as the expenses of selling and buying a home, and the 
movement and storage of household goods. 
2. Office of Personnel Management Services 

The Office of Personnel Management is reimbursed for activities 
such as security investigations on new hires, recruitment advertis- 
ing, and career-maturity surveys. 
3. Personnel Training 

Training is provided within the framework of the Government 
Employees Training Act of 1958. Part of the training costs consists 
of courses offered by other Government agencies, and the remain- 
der provides for training through nongovernment sources. 

TRAVEL 
NASA REQUEST, $43,312,000 

AUTHORIZATION, $43,312,000 

PROGRAM TRAVEL 

The largest part of travel is for direction, coordination and man- 
agement of program activities including international programs 
and activities. The complexity of the programs and the geographi- 
cal distribution of NASA installations and contractors necessitate 
the need for this category of travel. As projects reach the flight 
stage, support is required for prelaunch activities, including over- 
seas travel to launch and tracking sites. The amount of travel re- 
quired for flight projects is significant as it is directly related to the 
number of systems and subsystems, the number of design reviews, 
and the number and complexity of the launches and associated 
ground operations. 

SCIENTIFIC AND TECHNICAL DEVELOPMENT TRAVEL 

Travel to scientific and technical meetings and seminars permits 
employees engaged in research and development to participate in 
both Government sponsored and nongovernment sponsored activi- 
ties. This participation allows personnel to benefit from exposure to 
technical advances which arise outside NASA, as well as allowing 
personnel to persent both accomplishments and problems to their 
associates and provides for the dissemination of technical results to 
the United States community. Many of the Government sponsored 
meetings are working panels convened to solve certain problems 
for the benefit of the Government. 

MANAGEMENT AND OPERATIONS TRAVEL 

Management and operations travel provides for the direction and 
coordination of general management matters and travel by officials 
to review the status of programs. It includes travel by functional 
managers in such areas as personnel, financial management and 

Facilities services ....................................................... $214,079,000 
Technical services ..................................................... 83,355,000 
Management and operations ................................... 108,835,000 

Total ................................................................. 406,269,000 

126 procurement. This category also includes the cost of travel in and 
around the Installations; travel of unpaid members of research ad- 
visory committees; and initial duty station, permanent change of 
assignment, and other family travel expenses. Payments to inter- 
agency motor pools are included in the Operation of Installation 
function (Management and Operations subfunction). 

Operation of Installation 
NASA REQUEST, $443,057,000 

AUTHORIZATION, $443,057,000 

$232,548,000 
89,980,000 

120,529,000 
443,057,000 

I Estimated fiscal Authorization 
year 1987 I fiscal year 1988 



protective coatings, general buildings maintenance, and the main- 
tenance of installed mechanical, electrical, and other systems. In 
addition, this item includes feasibility studies, project design, con- 
struction supervision, inspection, and other institutional facility en- 
gineering functions. Included also are any applicable costs associat- 
ed with recurring facility work as well as materials, hardware, and 
equipment used in fac v maintenance activities, whether accom- 
plished by civil service krsonnel  or contractors. In the cost of 
equipment, related maintenance and other services are reflected 
for office, shop, laboratory and other facilities equipment as well as 
administrative inbrnai coIllnlci&&ioiij aiid te!c:.isi=n mczit~ring 
equipment. 
3. Custodial Services 

Custodial services include janitorial and building cleaning serv- 
ices, pest control, fire protection services, security services includ- 
ing badging and identification, lock and safe repair, trash and 
refuse handling, window blinds and light fixture cleaning, and 
laundry and dry cleaning of facility related items. 
4. Utilities Services 

Utilities services include the purchase of utilities such as elec- 
tricity, natural gas, fuel oil, coal, steam, propane, and other fuel 
commodities as well as water and sewage treatment services. Also 
included are the related maintenance and operating costs of the 
utility plants and systems. 

TECHNICAL SERVICES 

1. Automatic Dcrta Processing 
a. Equipment.-This category provides for the lease, purchase 

and maintenance of general purpose data processing equipment 
which supports institutional operations a t  each installation. Ex- 
cluded is equipment dedicated to specific research or operation sys- 
tems which is funded from the Research and Development or the 
Space Flight, Control and Data Communications appropriatlons. 

b. Operatiom.-Operations services include programming, com- 
puter operations and related services for institutional applications 
including payroll, fmancial management, security, maintenance, 
personnel, logistics, and procurement records and reports. 
2. Scientific and Technical Information and Educational Program 

a. Libraries-The technical libraries are established to provide 
installation staff with books, periodicals, technical reports and 
other scientific documentation. 

b. Education and Information Programs.-The educational and 
informational programs provide for the documentation and dis- 
semination of information about the Agency's programs to the gen- 
eral public, the education community at the elementary and sec- 
ondary ieveis, and the mass communications media. Assistance t~ 
the mass communications media includes the assembly and exposi- 
tion of newsworthy material in support of requests in the form of 
press kit-s, news releases; television and radio information tapes 
and clips, and feature material. 

c. Shop and Support Services.-Shop and support services include 
general fabrication shops, reliability and quality assurance activi- 
ties, safety, photographic services, graphics, and audio-visual mate- 
rial. 

MANAGEMENT AND OPERATIONS 

1 Administrcltirp C Q . ~  mu nicntinns 
Included in this category are costs not dedicated to a specific prc- 

gram or project, and cover leased lines, long distance tolls (includ- 
ing ITS charges). teletype services. and local telephone service. 
2. Printing and Reproduction 

Included in this category are the costs for duplicating, blueprint- 
ing, microfilming, and other photographic reproductions. Also in- 
cluded in this category are Government Printing Office printing 
costs, contractual printing and the related composition and binding 
operations. 
3. Transportation 

Transporation services include the operation and maintenace of 
all general purpose motor vehicles used by both civil service and 
support contractor personnel. The cost of movement of supplies and 
equipment by commercial carriers and payments to interagency 
motor pools are also in this category. 
4. Installation Common Services 

Installation common services include support activities at each 
installation such as: occupational medicine and environmental 
health; mail service; supply management; patent services; adminis- 
trative equipment; office supplies and materials; and postage. 

GENERAL INCREASE 
AUTHORIZATION, $'7,OOO,OOO 

The general increase of $7,000,000 is to provide for the hiring of 
an additional 175 permanent Civil Service work years. These are 
needed to restore the 25 aeronautical positions cut from FY 1987 to 
1988, to provide approximately 100 additional research personnel to 
carry out the recommended increased level of basic aeronautical re- 
search, and to add approximately 50 personnel to increase the rate 
of flight testing and the analyses and publication of results. 
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SECTIONAL ANALYSIS 

A bill to authorize appropriations to the National Aeronautics 
and Space Administration for Research and Development, Space 
Flight Control, and Data Communications, Construction of Facili- 
ties, and Research and Program Management, and for other pur- 
poses. 

TITLE I-NASA AUTHORIZATION 

Section 101-Authorization of Appropriations 
Subsections 101 (a), (b), (c), and (d) would authorize funds in the 

total aggregated amount of $9,522,000,000, to be appropriated to 
the National Aeronautics and Space Administration to become 
available no sooner than October 1, 1987. The total authorized 
funding would consist of the following: (a) for Research and Devel- 
opment,” a total of 13 program line items aggregating the sum of 
$3,697,200,000; (b) for “Space Flight Control and Data Communica- 
tions,” a total of 4 line items aggregating the sum of $4,034,300,000; 
and such sums as may be necessary to return the Space Shuttle to 
flight status; (c) for “Construction of Facilities,” a total of 14 line 
items aggregating the sum of $185,500,000; and (d) for “Research 
and Program Management,” $1,605,000,000. 

Subsection 101(e) would authorize the transfer and utilization of 
$35,000,000 of prior year, unobligated funds (except for aeronauti- 
cal and transatmospheric research and technology and related con- 
struction of facilities and research and program management of 
funds) for the preparation of the Advanced Communications Tech- 
nology Satellite for launch prior to 1992. 

Subsection lOl(0 would authorize any amounts appropriated for 
“Research and Development,” “Space Flight Control and Data 
Communications,” or “Construction of Facilities,” to remain avail- 
able without fiscal year limitation. Contracts for maintenance and 
operation of facilities or support services, under the research and 
program management, may be entered into at any time during the 
fiscal year for periods no longer than 12 months. 

Subsection 101(g) would authorize the use of not more than 
$35,000 of the “Research and Program Management” appropriation 
for scientific consultations or extraordinary expenses, upon approv- 
al or authority of the Administrator, whose determination shall be 
final and conclusive. 
Section 102-Tmnfer of Funds 

Section 102 would authorize the Administrator to propose trans- 
fers to or from line items (1) through (12) and (14) in the “Construc- 
tion of Facilities” appropriation (subsection 101(c)), to any other 
line item in those paragraphs, a single amount of not more than 10 
percent of the amount authorized for that line item. Cumulative 
transfers may not exceed 10 percent of the total authorized for 
t h w  paragraphs. The transfer would be effected only after 30 days 
on which the Congress is in session after a written notification and 
explanation to Congress. 

1 2 8  
Section 103-Limitation on Use of Funds 

sion of this Act, no amount appropriated: 
Section 103 would provide that, notwithstanding any other provi- 

(1) pursuant to this Act may be used for any program deleted 
by the Congress from requests as originally made to either the 
House or Senate Authorizing Committees. 

(2) pursuant to subsection 101(a), 61, or (c) may be used for 
any program in excess of the amount actually authorized for 
such program by that subsection. 

(3) pursuant to this Act may be used for any program which 
has not be presented to either the House of Senate Authorizing 
Committees unless 30 days on which either the House or the 
Senate is in session have passed after the Speaker of the House 
or the President of the Senate and the Committees have been 
given a complete explanation of the proposed action. 

(4) pursuant to this Act may be obligated for any purpose 
unless 20 days on which either the House or the Senate is in 
session have passed after the Administrator submits a detailed 
agency-wide operating plan to the House and Senate Authoriz- 
ing Committees. 

Section 104-Geographical Distribution of Funds 
Section 104 would require that the National Aeronautics and 

Space Administration should explore ways and means to geographi- 
cally distributing its research and development fund whenever fea- 
sible. The Administrator shall report to the Congress by January 
15, 1988 on the extent to which such consideration had been given 
and such ways and means explored during the fiscal years 1982 
through 1987. 
Section 105-Reimbursements from the Department of Defense 

Section 105 would require the Administrator, in cooperation with 
the Secretary of Defense, to submit a five-year plan to Congress 
before July 1, 1988, setting forth a schedule for planned reimburse- 
ments from the Department of Defense for Space Shuttle services, 
and a schedule for the provision of such services. The bill would 
require an updated plan to be submitted annually along with the 
President’s annual budget request. 
Section 106-Award of  Contracts to Domestic and Foreign Firms 

Section 106(a) would require the Administrator to award to a do- 
mestic firm a contract which, under the use of competitive proce- 
dures, would be awarded to a foreign firm, if: 

(1) the final product of the domestic firm will be completely 
assembled in the United States; 

(2) when completely assembled, not less than 50 percent of 
the final product of the domestic firm will be domestically pro- 
duced; and 

(3) the difference between the bids submitted by the foreign 
and domestic firms is not more than 5 percent. 

Subsection 106(b) would require that this section not apply if the 

(1) such applicability will not be in the public interest; or 
Administrator determines that: 



(2) compelling national security considerations require other- 

Subsection 106(c) defines the terms “domestic firm” and “foreign 
firm.” 

Subsection 106(dJ would limit the applicability of the section only 
to contracts for which (1) amounts are made available by this Act, 
and (2) solicitations for bids are issued after the date of enactment. 

Subsection 106(e) would require the Administrator to report to 
the House and Senate on contracts entered into with foreign enti- 

ary 15, 1988. 
Section 107-Use of Space Shuttle and Expendable Launch Vehicles 

Section 107 would require the Administrator to establish a prc- 
gram for launching payloads by means of expendable launch vehi- 
cles, and, if available, by commercial launch services and would 
recognize the Space Shuttle to be a critical national resource. It 
would state that the sense of Congress that the Space Shuttle 
should be preserved for those missions that require manned pres- 
ence and that a diversified family of expendable launch vehicles 
should be used in the nation’s civilian space flight program. The 
Administrator would also be required to ensure that expendable 
launch vehicles, or, if available, commercial launch services, are 
made available for 4 specified payloads in the period 1990-1992. 
The Administrator would be required to report to Congress no later 
than October 1, 1987 on compliance with this section. 
Section 108-Satellite Servicing System 

Section 108 would express the sense of Congress that the estab- 
lishment of a system for servicing, rehabilitation, and repair of sat- 
ellites in orbit should enhance and protect the capital investment 
in space satellites and vehicles. The Administrator would be re- 
quired to conduct a study of satelite servicing with a view toward 
establishing national goals and ojectives for utilizing such capabili- 
ties and report to Congress by January 15, 1988. 
Section 109-National Commission on Space Report 

Section 109 would require the Administrator to review the find- 
ings, recommendations and space agency in the report of the Na- 
tional Commisison on Space and submit a long-range implementa- 
tion plan to Congress. 
Section 110-Competition in Solid Rocket Motor Project 

Section 110 would direct the Administrator to institute compti- 
tion in the Solid Rocket Motor project by undertaking the competi- 
tive design and development of an Advanced Solid Rocket Motor. 
In the event NASA does not proceed with an Advanced SRM, the 
Administrator is directed either to conduct a competition to select 
a qiiaKed second sc;rcc cf scpp!y for f ight sets cf the redesip-ed 
SRM currently under development, or to recompete the current 
source of supply for flight sets of the redesigned SRM. The Admin- 
istrator is directed to consult with the Comptroller General con- 
cerning the competition. ‘The Committee intends that NASA carry 
out this section in accordance with general procurement law. 

wise. 
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Section 111-Amendment to 1958 National Aeronautics and Space 

Section 111 would amend the NASA Act to require that the posi- 
tions of Administrator and Deputy Administrator not be simulta- 
neously occupied by retired commissioned officers of the armed 
forccs un!ess 2 period of tor? years hive p ~ ~ ~ o e d  s ixe  rrctive duty 
Section 112-Congress to be Kept Fully and Currently Informed 

Section 112 would require the Administrator to keep Congress 
fuiiy and currentiy informed witn respect to aii of the Adminisira- 
tion’s activities. 

TITLE 11-SPACE STATION 

Act 

Section 201-Construction of Space Station--Declaration of Policy 
Section 201 would establish general policy and guidelines for the 

construction and use of a permanently manned Space Station. Pri- 
orities would be established for the use of the Station. The Space 
Station would be used so as not to infringe on other science and 
space activities. The Administrator would also be required to (1) de- 
velop advanced technologies to enhance the ground and in-orbit o p  
erations of the Space Station; (2) seek to have appropriate portions 
of the Space Station constructed and operated by the private 
sector; (3) promote international cooperation in the Space Station 
program by undertaking cooperative projects with foreign Govern- 
ments; and (4) design, develop and operate the Station in a manner 
that enables evolutionary enhancement. 
Section 202-Capital Development Program 

Section 202 would authorize a capital development program for 
the Space Station with certain restrictions. With each annual 
budget request between 1989 and 1996 (inclusive), the Administra- 
tor would be required to include budget estimates for the two suc- 
ceeding fiscal years capital development of the Station would be 
completed by or during fiscal year 1997. After fiscal year 1988, the 
President’s Space Station development budget submission to Con- 
gress shall not exceed 25 percent of the total NASA budget request 
for any given year. The term “Capital Development” would be d e  
fined to include all direct “Research and Development,” Space 
Flight Control and Data Communications,” “Construction of Facili- 
ties,’’ and “Research and Program Management” activities associ- 
ated with the construction of the Space Station and its supporting 
elements and services. Each year, along with the President’s 
annual budget submission to Congress, the Administrator would be 
required to submit a report certifying compliance with the provi- 
sions of this Section. 
Section 203-Operation and Enhancement 

Section 203 would determine funding parameters for the oper- 
ation and enhancement of the Space Station after development is 
completed. The President’s budget request to Congress would be re- 
quired to contain an amount for Space Station operation mid en- 
hancement which should in no case exceed 10 percent of the total 



NASA budget submission for that year. The Administrator would 
be authorized to make a separate request for additional funds may 
be necessary for the utilization of the Space Station pursuant to 
the policies set forth in section 201. The terms “Operation” and 
“Enhancement” are defined as all direct research and develop 
ment, space flight, control and data communications, constuction of 
facilities and research and program management funds that are as- 
sociated with the operation of the Space Station and the acquisition 
of additional Space Station elements or ground facilities. 
Section 204-hunch of Space Station Elements 

Section 204 would express the sense of the Congress that the 
launching and servicing of the Space Station should be accom- 
plished by the most cost-effective use of the space transportation 
systems for the launch and operation of the Space Station. The 
report would take into consideration the (1) potential use of future 
advanced or heavy lift expendable launch vehicles, (2) use of exist- 
ing expendable launch vehicles, (3) requirements for Space Shuttle 
launches, and (4) risk of capital losses. 
Section 205-Capacity Charges to Other Federal Agencies Desiring 

to Enhance the Space Station 
Section 205 would require the Administration to assess appropri- 

ate charges on other Federal agencies desiring to enhance portions 
of the capacity of the Space Station for their own purposes. The 
Administrator would be authorized to construct the enhanced ca- 
pacity, provided that (1) the proceeds of such charges cover the full 
cost of the construction, and (2) 30 days on which either the House 
or the Senate is in session have passed after the submission by the 
Administrator to the House and Senate Authorizing Committees of 
an explanation of the proposed construction, including a certifica- 
tion that the proposed enhancement is consistent with this Act and 
does not interfere with other uses of the Space Station. 
Section 206-Non-NASA User Fees 

Section 206 would require the Administrator to set and collect 
reasonable user fees for the use and maintenance of the Space Sta- 
tion and would provide policy guidance as to how the fees are set. 
The Administrator would be authorized to waive or modify user 
fees under certain circumstances as specified. 
Section 207-Submission of Plan 

Section 207 would require the Administrator to submit to the 
President and the Congress on or after January 15, 1988, (1) a plan 
that outlines the total cost of development and operation of the 
Space Station in conformance with the provisions of this Act, and 
on or before September 30, 1988, (2) a detailed plan of the Space 
Station as required by this Act, and the utilization of the Space 
Station as required by this Act, and the Administrator is author- 
ized to obligate no more than $250,000,000 appropriated in this Act 
for the development of the Space Station until 15 calendar days 
have passed after the submission of the report to Congress. 

1 3 0  Section 208-Agreements with Foreign Entities 
Section 208 would require any agreement concerning the detailed 

design, development, construction and operations of the Space Sta- 
tion between the United States Government and any foreign entity 
to be submitted to the House and Senate. The agreement would not 
take effect until 30 days during which the House or Senate is in 
session after receipt of such agreements by the House and Senate. 

TITLE 111-OFFICE OF COMMERCIAL SPACE TRANSPORTATION 
Section 301-Authorization of Appropriations 

Section 301 would amend section 24 of the Commercial Space 
Launch Act (49 U.S.C. App. 2623) to authorize funding in the 
amount of $4,548,000 for fiscal year 1988 to the Secretary of Trans- 
portation to carry out the provisions of this Act. 
Section 302-Requirement for Reports to the Congress 

Section 302 would amend section 15 of the Commercial Space 
Launch Act to require that any agreement between a government 
agency and a commercial user involving terms and conditions 
under which the government will furnish goods and services to the 
user in support of production and/or launch of a launch vehicle 
shall be presented by the Secretary to the Congress for review. The 
agreement would not be effective until a period of 30 days had 
passed after the receipt of the agreement by the House and Senate. 

EFFECTS OF LEGISLATION ON INFLATION 
In accordance with Rule XI, clause 2(1H4) of the Rules of the 

House of Representatives, this legislation is assessed to have no ad- 
verse long-term inflationary effects on prices and cost in the oper- 
ation of the national economy. NASA expenditures are labor inten- 
sive, with approximately 80 percent of spending directly for jobs 
and the remainder for materials. In fiscal year 1988, NASA will 
employ about 22,425 civil servants and support about 157 thousand 
contractor and support services employees. Assuming a multiplier 
effect of 2.5, the total short-term employment effect on the United 
States economy is about 450,000 jobs. This represents less than one- 
half of one percent of the total civilian labor force in the United 
States-too small to have a significant national effect. There could 
however be some specific cases of industrial and regional employ- 
ment and price changes influenced by NASA expenditures. 

The most significant e m o m i c  effects of NASA spending is the 
long-term productivity advance from new technologies developed 
for the space and aeronautics program. Many NASA-sponsored ad- 
vances in air and space transportation, communications satellites, 
remote sensing satellites, and other innovations have improved the 
productive capacity of industry and stimulated the development 
and growth of many new businesses. 

NASA is actively pursuing its role to expand the opportunities 
for private industry to gain access into space effectively and eco- 
nomically use space for commercial ventures. These expanded busi- 
ness opportunities have stimulated and are expected to continue to 
stimulate more productive, non-inflationary private sector econom- 



ic growth, job creation. and improve the United States competitive 
economic position in the worid, e.g., improve the United States 
trade balance. 

CHANGES IN EXISTING LAW, MADE BY THE BILL, AS 
REPORTED 

In compliance with clause 3 of rule XI11 of the Rules of the 
House of Representatives, changes in existing law made by the bill, 
as reported, are shown as follows (existing law proposed to be omit- 
ted is enclosed in black brackets, new matter is printed in italic, 
existing law in which no change is proposed is shown in roman): 

SECTION 202 OF THE NATIONAL AERONAUTICS AND SPACE ACT OF 
1958 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SEC. 202. (a) * * * 

(d) A t  no time may the two positions of Administrator and Deputy 
Administrator be occupied simultaneously by retired commissioned 
officers of a regular component of the Armed Forces who have been 
on active duty with a regular component of the Armed Forces 
within the last 10 years. 

* t * . * * * 

COMMERCIAL SPACE LAUNCH ACT 
* * * I * * * 

USE OF GOVERNMENT PROPERTY 

SEC. 15. (a) * * * 

(d) Any agreement between a government agency and a commer- 
cial user involving terms and conditions under which the govern- 
ment will furnish goods and services to the user in support of pro- 
duction and/or launch of a launch vehicle shall be presented on 
behalf of such agency by the Secretary to the Committee on Com- 
merce, Science, and Transportation of the Senate and the Committee 
on Science, Space, and Technology of the House of Representatives 
for their review. No such agreement shall be effective until 30 days 
on which either House is in session have passed after the receipt by 
such committees of such agreement. 

* * * * * I * 

* * * * * 

AUTHORIZED APPROPRIATIONS 

Ssc. 24. There are aothnrixerl to  he spprnpri~tcd t n  the Secretary 
$4,000,000 for fiscal year 1985. There is authorized to be appropri- 
ated to the Secretary to carry out this Act $586,000 for fiscal year 

1986. There is authorized to be apvm-Driuted to the Secrptary to 
carry out this Act $4,548,000 for fmcal year 1988. 
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. . 
OVERSIGHT FINDINGS AND RECOMMENDATIONS 

Pursuant to Rule XI, clause 2(1X3) of the Rules of the House of 
Representatives, and under the authority of Rule X, clause WX1) 
and clause Xf), the follomng statement is made concerning the 
Committee's oversight findmgs and recommendations. 

The results and findings from those oversight activities are incor- 

report and in the Committee's recent report entitled "Investigation 
of the Challenger Accident," Union Report 99-1016, House of Rep 
resentatives. 

CONGRESSIONAL BUDGET OFFICE COST ESTIMATE 

pmited iE the -rr?_m.er?d..tic?r?e fcxnd k the p r s n t  bi! ZEd 

US. CONORWE., 
CONGRESSIONAL B U D G ~  OFFICE, 

Washington, DC, July 1, 1987. 
Hon. ROBERT A. ROE, 
Chairman, Committee on Science, Space, and Technology, 
House of Representatives, Washington, Dc. 
DEAR MR CHAIRMAN: The Congressional Budget Office has pre- 

pared the attached cost estimate for H.R. 2782, the National Aere  
nautics and Space Administration Authorization Act of 1988. 

If you wish further details on this estimate, we will be pleased to 
provide them. 

With best wishes, 
Sincerely, 

ROBERT F. HALE 
(For Edward M. Gramlich, Acting Director). 

CONGRESSIONAL BUDGET OFFICE COST ESTIMATE 

1. Bill number: H.R. 2782. 
2. Bill title: National Aeronautics and SDace Administration Au- 

thorization Act of 1988. 
3. Bill status: As amended and ordered reported by the House 

Committee on Science, Space, and Technology on June 26, 1987. 
4. Bill purpose: This bill authorizes the appropriation of a n  esti- 

mated $9,876 million in fiscal year 1988 for the ongoing activities of 
the National Aeronautics and Space Administration (NASA). The 
specified fiscal year 1988 NASA authorizations total $9,462 million. 
The bill also authorizes the appropriation in fmal year 1988 of 
such sums as may be necessary to return the space shuttle fleet to 
flight status, requires the NASA Administrator to provide or pro- 
cure expendable launch vehicle (ELV) services to launch four satel- 
lites in the early 199Os, and requires the Administrator to request 
funding for the construction, operation and enhancement of the 
space station. 

Of the specified NASA authorization, $3,697 million is for re- 
search and development, $3,974 million is for space flight, control, 



and data communications, $186 million is for construction of facili- 
ties, and $1,605 million is for research and program management. 

In addition to the NASA authorizations, the bill authorizes the 
appropriation of about $4.5 million for the Office of Commercializa- 
tion in the Department of Transportation. 

5. Estimated Cost to the Federal Government: The following 
table shows funding amounts specifically authorized by H.R. 2782 
and estimated outlays based upon those amounts. 

[By liydl year. in millms of doilarrl 

1988 1989 1990 1991 1992 

speCilEn;;yaw level: 

function 400: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  Civilian space 8.702.9 

Aeronautla . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  759 1 ............................. 
Commercial rpace ..................................... 4.5 . . . . . . . . . . . . . . . . . . . . . . .  

Total specified authorizations.. .......................................... 9.466.5 ............................... 
Estimatedoutlays ................................................................. 6,176.8 2,625.0 631.6 27.9 5.2 

In addition, the bill authorizes the appropriation of such sums as 
may be necessary in fiscal year 1988 to return the shuttle system 
to operational flight status. The bill also requires the NASA Ad- 
ministrator to provide or procure ELVs for launching four satel- 
lites. Based upon preliminary information, the estimated authoriza- 
tion level and estimated outlays associated with this requirement 
would be as shown in the table below. 

[By Iiml year in mil l im 01 hllars] 

igaa 1989 1990 1991 1992 

Estimated authorization level 
Space Shuttle ......................................................................... 350.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Estimatedoullays ........................................................... 2919 172.3 153.2 9 5 0  69.9 
.............................................................. ELVs. 64 0 107.0 146.0 77 0 61.0 

The table below shows the total authorization and outlay levels 
for H.R. 2782. 

[By I~ml year in millions 01 dallarrl 

loa8 1989 1990 1991 1992 

Total authorization levels (specifled.and estimated) ........................ 9,880 5 107.0 146 0 77 0 61.0 
Total estimated outlays .................................................... 6,4686 2,797.3 784.8 1228 752 

In addition to a fiscal year 1988 authorization of $767 million, 
this bill requires the Administrator to seek funding for fiscal year 
1989 and beyond for the capital development, operation, and en- 
hancement of the space station. The annual funding requirements 
for the space station depend upon its configuration, launch mode, 
operational target date and other considerations that have yet to 

be determined. Consequently, annual requirements cannot yet be 
estimated with any precision. Total funding requirements, howev- 
er, could be as high as $30 billion throughout the year 2000. 

Including outlays from previous years’ appropriations, total 
NASA outlays for fiscal year 1988 are estimated to be $9,708 mil- 
lion, assuming appropriation of the amounts authorized in this bill. 

The costs of this bill fall within budget functions 250 and 400. 
Basis of estimate: The authorization levels in the first table are 

those specified in the bill. The outlay estimates assume that all 
funds authorized are appropriated prior to the beginning of fmal 
year 1988 and that spending will reflect historical patterns. 

The fiscal year 1988 authorization required to return the shuttle 
system to flight status and the subsequent authorizations required 
to provide for the four satellite launches are CBO estimates based 
upon preliminary information. It is assumed that the estimated 
amounts wil l  be appropriated. Estimated outlays are assumed to 
follow historical patterns for the shuttle system and ELV oper- 
ations. 

’ 

6. Estimated cost to State and local governments: None. 
7. Estimate comparison: None. 
8. Previous CBO estimate: On July 1, 1987, CBO provided a re- 

vised cast estimate for S. 1164, the National Aeronautics and Space 
Administration Act of 1988, as amended and ordered reported by 
the Senate Committee on Commerce, Science, and Transportation. 
Outlay differences between S. 1164 and H.R. 2782 reflect different 
authorization levels. 

9. Estimate prepared by: Paul M. DiNardo. 
10. Estimate approved by: James L. Blum, Assistant Director for 

Budget Analysis. 

OVERSIGHT FINDINGS AND RECOMMENDATIONS, 
COMMITTEE ON GOVERNMENT OPERATIONS 

No findings or recommendations on oversight activity pursuant 
to Rule X, clause 2(bX2), and Rule XI, clause 2(1X3), of Rules of the 
House of Representatives have been submitted by the Committee 
on Government Operations for inclusion in this report. 

COMMITTEE RECOMMENDATION 
A quorum being present, the Committee favorably reported the 

bill H.R. 2782 by voice vote, and recommends its enactment. 

NASA REQUEST‘ 
MARCH 16,1987. 

Hon. BILL NUON, 
Chairman, Subcommittee on S ce and Application, Committee on 

Science,Sgce and Technora,  House of Representatives, Wash- 
ington, . 

DEAR MR. CHAIRMAN: Submitted herewith is a draft bill, “To au- 
thorize appropriations to the National Aeronautics and Space Ad- 
ministration for research and development; space flight, control 
and data communications; construction of facilities; and research 



133 
and program management; and for other purposes,” together with 
the sectional analysis thereof. 

Section 4 of the Act of June 15, 1959, 73 Stat. 75 (42 U.S.C. 2460), 
provides that no appropriation may be made to the National Aero- 
nautics and Space Administration unless previously authorized by 
legislation. It is a purpose of the enclosed bill to provide such requi- 
site nuthorizdion in the amounts and for the purposes recommend- 
ed by the President in the Budget of the United States Government 
for fiscal year 1988. For that fiscal year, the bill would authorize 
appropriations totaling $9,481,000,000, to be made to the National 
Aeronautics and Space iidmiukti-ZGGii zs f~!!Gws: 

(I) for “Research and development,” amounts totaling 

(2) for “Space flight, contra! and data communications,” 

(3) for “Construction of facilities,” amounts totaling 

$3,623,200,000; 

amounts totaling $4,064,300,000; 

$195,500,000; and 
(4) for “Research and Droaram management.” $1,598,000,000. 

In addition, the bill would’authorize SUCK sums as may be neces- 
sary for fiscal year 1989, i.e., to be available October 1,1988. 

The enclosed bill follows generally the format of the National 
Aeronautics and Space Administration Authorization Act for FY 
1987 as proposed by the Administration. However, the bill differs 
in substance from the prior Act in several respects. 

First, subsections l(a), lm), l(c), and l(d), the authorizations for 
the four NASA appropriation accounts, differ in the dollar 
amounts and in some of the line items for which authorization to 
appropriate is requested. There is a new budget line item under 
“Research and development” entitled “Safety, reliability and qual- 
ity assurance. 

Second, there is a new section 5 which gives the Administrator 
transfer authority, after notification to the Congress, when a per- 
centage reduction is applied to the FY 1988 appropriation. This will 
enable the Administrator to balance the effects of such a cut. 

Third, there is a new section 6 which would amend the National 
Aeronautics and Space Act to provide NASA the authority to with- 
hold from public disclosure certain technical data that are subject 
to control under the export control laws. This amendment is simi- 
lar to authority which the Department of Defense was given in 
1983. 

Fourth, there is a new section 7 which would allow the Adminis- 
trator to appoint up to 15 retired military or civilian Federal em- 
ployees without reducing their retirement pay or regular pay. This 
will enable NASA to employ some key experienced personnel in ex- 
ecutive positions to assist in the recovery from the Challenger acci- 
dent and to staff up the Space Station reorganization. 

Fifth, in addition to providing authorization of appropriations in 
the amounts recommended by the Pr,esident in his Budget for fiscal 
vear i988, i:ie bil: also W O U ! ~  pro.::& zuthorizatinn for sums as 
may be necessary for fiscal year 1989. It is specified that all of the 
limitations and other provisions of the bill applicable to amounts 
appropriated pursuant to section 1 shall apply in the same manner 
to amounts appropriated pursuant to section 9. 

Finally, the last section of the draft bill, -ion 10, has been 
changed to provide that the bill, upon enactment, may be cited 88 
the “National Aeronautics and Space Administration Authoriza- 
tion Act, 1988,” rather than “1987.” 

Where required by section 102(2XC) of the National Environmen- 
tal Policy Act of 1969, as amended (42 U.S.C. 4332(2XC)), and the 
implementing regulations of the Council on Enwronmental qual- 
ity, environmental impact statements covering NASA installations 
and the prcgrams to be funded pursuant to this bill have been or 

gy, as appropriate. 
The National Aeronautics and Space Administration recom- 

mends that the enclosed draft bill be enacted. The M i c e  of Man- 
agement and Budget has advised that such enactment would be in 
accord with the program of the President. 

-Ani!! be f\?mkhd t” the Hn??se Cnmmitte on %ience p..& T&,”!, 

Sincerely, 
JAMES C. FLETCHER, Administrator. 



SUPPLEMENTAL VIEWS H.R. 2782, NASA FY88 
AUTHORIZATION SOLID ROCKET MOTOR COMPETITION 
The Committee has taken an important first step in directing 

NASA to introduce some competition into the solid rocket motor 
program. The investigation following the Challenger accident reaf- 
firmed an inherent weakness in relying on a single source for im- 
portant hardware elements. Although the O-ring anomalies were 
discovered early in the Shuttle program, and several attempts were 
made by engineering personnel within the company producing the 
motors to correct the problem, there was little incentive to do so. 
The cost of the failure to correct the problem has been incalcula- 
ble. 

We strongly support plans to develop an advanced solid rocket 
motor. The state-of-the-art in solid rocket technology has advanced 
significantly since the design of the existing motors, and in as 
much as the Shuttle program is planned to continue for another 
two decades or more, it is prudent to begin replacing this outdated 
technology. We believe the enhanced quality and safety in addition 
to the long term cost savings in utilizing more modern production 
methods justify the investment in the advanced solid rocket motor 
program. 

We are concerned that in spite of the good intentions of the 
agency in fulfilling the Committee’s direction to pursue the ad- 
vanced solid rocket motor program, factors beyond NASA’s control 
could very likely prevent the realization of this objective. We do 
not believe this bill adequately addresses this possibility and raise 
the following specific concerns: 

1. Although the bill refers to the “determination for any reason 
not to conduct the design and development . . .”, it is not specified 
when that determination should be made. Given the fiscal con- 
straints on future NASA budgets, it is a very real possibility that 
the necessary funds will not be made available, yet the Administra- 
tor may continue to propose the program and be unwilling to deter- 
mine that the program will not be conducted. This could lead to an 
unacceptable continuation of the status quo with regard to the pro- 
duction of the solid rocket motors. 

2. If the determination is finally made, it is not clear what specif- 
ic action is directed to follow and when it should take place. We 
are concerned that in NASA’s anxiety to build up the Shuttle 
flight rate, it may find it more expedient to continue with the ex- 
isting contract. It could be a very long time before NASA deems 
that “sufficient technical and programmatic data are available” to 
take action. 

3. Although the bill directs NASA to consult with the Comptrol- 
ier General and give primary consideration to cost and safety, we 
are concerned that NASA’s predisposition to working with a single 
contractor will prejudice the outcome. We believe it is important 

that an independent assessment be made of the total cost-benefit 
over the life of the program, taking into account the effect of con- 
tinued competition in future negotiations and the benefits of two 
independent sources for future product improvements. Moreover, 
we believe that the recommendation of the Comptroller General 
and/or other independent consultants should be accepted unless 
NASA can clearly show why to do 80 would not be in the best in- 
terests of the government. 

F ~ B E R T  G. TORRICELLI. 
DAN GLICKMAN. 
RICK BOUCHER. 
NORMAN MINEZA. 
SHERRY BOEHLERT. 
CONSTANCE A. MORELLA. 
HAROLD L. VOLKMER. 
TERRY L. BRUCE. 
DOUG WALGREN. 
JAMES H. SCHEUER. 
ERNIE KONNYU. 
MANUEL LUJAN, Jr. 
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MINORITY VIEWS FOR H.R. 2782, NATIONAL AERONAUTICS 
AND SPACE ADMINISTRATION AUTHORIZATION 

NASA's role as an independent civil space agency was firmly es- 
tablished in the National Aeronautics and Space Act of 1958. Sec. 
102 clearly states that the aeronautics and space activities defined 
in the Act shall be the responsibility of, and be directed by, a civil- 
ian agency However, the Act also makes clear that Congress never 
intended that the military had no role to play in the Agency or 
thnt .?i!itnry interests she:!(! n e t  he cxsi&ere(! i" t h e  f!?nr?:!ztien 
of NASA's program. 

In drafting this legislation, Congress recognized a legitimate rela- 
tionship between NASA and DOD; Sec 102 addresses the impor- 
tance of cooperation, sharing discoveries of mutual interest, and 
avoiding unnecessary duplication of effort, facilities, and equip 
ment. Moreover, Sec. 203(b), paragraph 12 of the Space Act author- 
izes NASA to enter into cooperative agreements with DOD, under 
which members of the Armed Services may be detailed to NASA 

Sec. 202 of the Act calls for the Administrator and Deputy Ad- 
ministrator to be appointed from civilian life by the President with 
the advice and consent of the Senate, thus assuring that the 
Agency would not be directed by the military. Sec. 202 also prohib- 
its the Administrator and Deputy Administrator from engaging in 
any other business, vocation or employment, thus further assuring 
the independence of the Agency and avoiding other conflicts of in- 
terest. However, Congress certainly did not intend that NASA be 
denied the expertise of the military, and they wisely refrained from 
putting further restrictions on the qualifications of the Administra- 
tor or Deputy Administrator. 

It is becoming increasingly difficult to attract qualified people to 
positions of responsibility in the government. The pool of qualified 
people willing to take the position of NASA Administrator is espe- 
cially limited in that a high degree of specialized technical compe- 
tence is needed in addition to the administrative qualifications. To 
arbitrarily limit the field further by eliminating from consideration 
categories of potentially qualified people based on the presumption 
of their biases is, it seems to us, extremely short-sighted, not to 
mention an insult to the many fine men and women who have 
served in the Armed Forces. 

The restriction set forth in Sec. 111 of H.R. 2782 is especially cu- 
rious in as much as the position of Administrator has never been 
filled by a retired military officer. The Senate confirmation process 
provides ample safeguards against the Committee's concerns that 
the NASA leadership could become unduly influenced by DOD, and 

therefore we believe this restrictive section is unwarranted and 
should be deleted from the bill. 

MANUEL LUJAN, J r .  

JACK BUECHNER. 
BOB WALKER. 
D. FRENCH SLAUGHTER. Jr. 
ERNIE KONNYU. 
F. JAMB SENSENBRENNER, Jr .  
RON PACKARD. 
LAMAR SMITH. 
SHERRY BOEHLERT. 
ROBERT C. SMITH. 
TOM LEWIS. 
CONSTANCE A. MORELLA. 

HARK16 'fi. FAWELL. 
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ADDITIONAL VIEWS OF NORMAN Y. MINETA, GEORGE E. 
BROWN, DOUG WALGREN, DAN GLICKMAN, HAROLD 
VOLKMER, ROBERT C. TORRICELLI, TERRY L. BRUCE, 
JAMES A. TRAFICANT, JR., CARL C. PERKINS, DAVID R. 

TY USE OF THE SPACE STATION 
NAGLE AND DAVID SKAGGS ON THE NATIONAL SECURI- 

We are concerned that the Committee position on national secu- 
rity uses of the space station would not adequately ensure that the 
Space Station is preserved for the essentially peaceful purposes for 
which that Station has been conceived, designed, and authorized. 
Specifically, we are concerned that Section 20101) of this bill, as 
amended, fails to restrict military or national security uses of the 
Space Station beyond the vague prohibitions found in current 
United States laws or treaty obligations. As it is now written, Sec- 
tion 20103) simply affirms current policy, and does nothing to pro- 
mote the use of the Space Station for peaceful purposes. 

When NASA was established in 1958, President Eisenhower de- 
termined that the civilian space agency should be free from mili- 
tary dominance. In the thirty years since that time, NASA has en- 
joyed broad support from the American people as a civil endeavor 
dedicated to peaceful exploration and the pursuit of science. This 
support has, to a remarkable degree, remained strong even 
throughout those periods when there were deep divisions within 
our society over this country’s political or military policies. 

We now find ourselves at the beginning of a new space age, an 
age of infinitely expanded opportunity and challenge. The coming 
years will see our scientists stationed permanently in space, devel- 
oping new technologies and new products that will undoubtedly 
change our lives. We will move from simply exploring space to ac- 
tually living and working there. 

At the same time, we are certain to see an increase in military 
activities in space, as technological advances make it both possible 
and necessary to extend ground, air, and naval operations beyond 
the atmosphere. This militarization of space is already well along. 
In 1982, a GAO study found that 25% of NASA’s research and de- 
velopment budget was devoted to military projects. Almost half of 
the shuttle flights carry military payloads. Since the Challenger in- 
cident, high priority military payloads have crowded out many 
commercial and scientific missions from ‘the space shuttle. Addi- 
tionally, the Department of Defense budget for space activities is 
now nearly double that of NASA. 

It is important to return to our original intent for NASA prior to 
NASA’s next major initiative, the space station. 

The space station was conceived as a vital component in the 
country’s effort to renew our tradition leadership role in space. Sci- 
entists believe that the space station will serve as the base for ex- 

periments that could lead to dramatic advances in medicine, com- 
puters, materiais science and communications technology. 

The station, too, is believed to be the logical step from the moon 
landings and the shuttle to human exploration of Mars and 
be ond. hus picture of a civilian space station as a floating research l a b  
oratory is inconsistent with military use of the space station for 
weapons development and testing irrespective of existing United 
States laws and treaty obligations. 

In order to protect the essentially peaceful nqture of the Space 
Station, it is important to go beyond existing laws and treaty obli- 
gations which are clearly not sufficient to assure the peaceful ex- 
ploration and exploitation of space. There are three treaties which 
govern our role in space: the 1963 Limited Test Ban Treaty, the 
1967 Outer Space Treaty, and the 1972 Anti-Ballistic Missile (ABM) 
Treaty. 

The Limited Test Ban Treaty prohibits nuclear devices in space 
that cause or are powered by a nuclear explosion. This treaty is not 
much of a limiting factor at present, since there are many other 
military uses of space that are not related to nuclear devices. The 
ABM Treaty bans the development, testing and deployment of any 
anti-ballistic missile system which is land, sea, or space based. It 
remains to be seen whether this treaty is a limiting factor on the 
national security use of space. The administration is fighting to 
expand its interpretation to allow for SDI research and testing. The 
House reaffirmed its commitment to the traditional interpretation 
of the ABM Treaty; however, the battle is far from over. 

The Outer Space Treaty is the main treaty governing space. It is 
a treat ratified for foreign nations through a United Nations proc- 
ess aniabout  100 countries are signatories. The treaty rests on the 
principle that space exploration should be for the benefit of “all 
peoples irrespective of the degree of their economic or scientific de- 
velopment.” It mandates that the “exploration and use of outer 
space (be) for peaceful purposes.” Article IV bans nuclear weapons 
or “weapons of mass destruction.” It goes on to say, “the establish- 
ment of military bases, installations and fortifications, the testing 
of any type of weapons and the conduct of military maneuvers on 
celestial bodies shall be forbidden.” 

We believe that this treaty is insufficient to restrain D O D s  use 
of the space station for weapons development and testing. It is 
clear that the intent of the treaty was to assure that spffce explora- 

However, tion and use be consistent with “peaceful pur 
“peaceful purposes” can be defined in a variety ergs. Almost all 
research and development can be construed to be for peaceful pur- 
poses, including SDI related research, such as lasers and kinetic 
energy weapons. The space community believes that “peaceful pur- 
poses” refers to an undefined “non-aggressive” military activity 
such as reconnaissance satellites or navigational satellites. Given 
the administration’s penchant for interpreting treaties in the 
broadest possible terms, we believe that we must provide specific 
guidance concerning the allowable activities for the space station. 

We believe that national security use of the space station should 
be limited to basic research and exploratory development, directed 
towards solving specific military problems, but short of major de- 



velopment projects. Exploratory development would not result in 
the development of prototypes in field configuration for technical 
or operational testing. We believe that weapons testing, and testing 
of the command, control, and communications associated with a 
-geapo~ or 2 :vcapsns system shoc!d be prohihit~d on t,he space sta- 
tion. 

We believe that only by explicitly restricting the national securi- 
ty  use of the space station can we assuage our foreign partners’ 
concerns regarding the military on the space station. Some of iheve 
partners feel that excessive military involvement would jeopardize 
their participation. We believe that we must provide assurance to 
our partners that national security needs will not compromise the 
original objective of the space station, to further basic research and 
promote scientific projects which will result in commercial applica- 
tions. and further our exploration and development of space. 

GEORGE BROWN. 
CARL PERKINS. 
JAMES TRAFICANT, Jr. 
DAVE NAGLE. 
HAROLD L. VOLKMER. 
DAN GLICKMAN. 
NORMAN MINETA. 
TERRY L. BRUCE. 
DAVID SKAGGS. 
ROBERT G. TORICELLI. 
DOUG W ALGREN . 

ADDITIONAL VIEWS OF HON. MANUEL LUJAN, JR. (R-NM), 
NEW DIRECTIONS FOR US.-LATIN AMERICAN COOPERA- 
TION IN SCIENCE AND TECHNOLOGY 
During the decade of the sixties and the early seventies. many 

i qm- t t t  p i s g i m  for scientific and technological cooperation be- 
tween US. and Latin American scientists were initiated. Some 
were under the mandate of the Alliance for Progress, others were 
funded by USAID, National Science Foundatin=, the Fc!!xiiht pi+ 

am, the Urganization of American States, and other agencies 
g t h  within and outside the U.S. Government. The impact on US.- 
Latin American Scientific relations was significant, and many im- 
portant scientific institutions in Latin America were created or 
strengthened through this effort. During the 1970’s these programs 
declined, and most of the Latin American countries which had par- 
ticipated were pronounced “AID graduates,” and became ineligible 
for AID funds. At the same time, political unrest caused many sci- 
entists to leave their countries, thereby affecting some of the best 
Latin American institutions as well as the economic stability and 
vitality of these countries. 

The weakening of links in Science and Technology cooperation 
between these countries and the U S  is believed to be adversely af- 
fecting the spirit of inter-American cooperation. However, in visits 
from senior Latin American scientists, particularly at the National 
Research Council, the situation in Latin American universities and 
other scientific institutions appears significantly changed. Many 
believe that the decline in joint research programs, graduate and 
postgraduate training opportunities, and networking relationships 
are detrimental to the scientific advancement in the hemisphere. 

The time is ripe to consider new approaches to science and tech- 
nology collaboration, more appropriate to the changed climate, to 
the problems and technologies of the eighties, and to the new capa- 
bility in some scientific fields of some of the Latin American coun- 
tries which coincide with U.S. scientific interests. 

For this reason, I offered language to the Committee’s reports on 
the NASA and NSF FY88 Authorization bills calling for an inde- 
pendent, interagency study of mechanisms for present and future 
cooperations in science and technology. I see NSF as having the 
lead coordinating role for the Federal agencies participating in this 
study. 

Furthermore, among the reasons commending a study of Science 
and Technology (S&T) cooperation in the Americas are: 

Several countries have recently elected democratic governments, 
and scientists who were working abroad for many years have re- 
turned to their home countries. Thus, both the opportunity for in- 
creased S&T collaboration and the trained personnel to engage in 
programs is greater than a t  any time since the mid 1960s when cc- 
operation reached its peak. 
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Latin American scientists have expressed inkrest in strength- 
ened S&T cooperation with the United States, although using dif- 
ferent modes than were prevalent in the 1960s and 70s. 

A number of countries are reorganizing their S&T systems and 
infrastructure, creating new counterpart organizations for plan- 
ning, funding priority programs, and mechanisms for international 
cooperation. One of the frustrations of Latin American scientists in 
dealing with the United States is that there is no central source of 
information on possible US.  opportunities nor is there a single 
policy-making body in the U S .  government empowered to address 
the problem of scientific interaction. 

There are important areas of S&T which can produce mutual 
benefits to the cooperating parties. Examples are seismic studies 
and prediction of earthquakes, tropical ecosystems, tropical dis- 
eases, the influence of El Nino on weather patterns in both the 
Northern and Southern Hemispheres, and technoeconomics of alco- 
hol fuels. 

The forthcoming 500th anniversary of the Columbus voyages 
may provide an opportunity for new initiatives. 

Currently, there are independent efforts pursuing mechanisms 
for US-Latin American S&T cooperation. For example, a report 
entitled “Inter-American Cooperation in Space, Science and Tech- 
nology” was prepared in response to an amendment I offered to the 
FY86-87 Foreign Relations Authorization Act (P.L. 99-93). This De- 
partment of State study surveyed past programs, but stopped short 
of recommending new actions for scientific interaction, though the 
provision asked for such recommendations. 

In September 1986, President Jose Sarney and Ronald Reagan 
agreed to undertake a special initiative for implementation of the 
existing US.-Brazil Agreement of Cooperation in S&T. Establish- 
ment of a high-level panel was agreed to, composed of eminent sci- 
entists, engineers, and governmental authorities from each country 
to present recommendations and suggestions of topics for bilateral 
cooperation, focusing on selected priority areas of mutual strength 
and benefit. The bi-national panel will suggest procedures to en- 
courage and facilitate engagement of the private sectors of their 
countries. Cooperative projects would be financed jointly through 
resources to be allocated for this purpose by both countries. 

The US.-Brazil agreement follows the pattern of the US.-India 
bilateral program in S&T, managed by NSF, which began with an 
initiative between the Indian Prime Minister and the US. Presi- 
dent. 

Finally, NASA’s role in the international scientific community is 
of premier importance to the Committee. I believe that NASA 
should be at the forefront of any recommendations coming from 
the scientific community. 

MANUEL LUJAN, Jr .  
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JUNE 24, 1987 -Ordered to be printed 

Mr. HOLLINCS, from the Committee on Commerce, Science, and 
Transportation. submitted the following 

R E P O R T  

together with 

ADDITIONAL VIEWS 

[To accompany S. 11641 

The Committee on Commerce, Science, and Transportation, to 
which was referred the bill (S. 1164) to authorize appropriations to 
the National Aeronautics and Space Administration for research 
and Development, space flight, control and data communications, 
construction of facilities, and research and program management, 
and for other purposes, having considered the same, reports favor- 
ably thereon with an amendment in the nature of a substitute and 
recommends that the bill do pass. 

PURPOSE OF THE BILL 
The purpose of this bill is to authorize appropriations to the Na- 

tioral Aeronautics and Space Administration (NASA) totaling 
$9,621 million for fiscal year 1988, as follows: 

B@I r-I h m m e  slhanzalm 

$3 623 200 000 
4 064 300 000 

I95 500.000 

Fiwl year 1988 
Rerearch and dewlwnl 
space fhghl. cnntrol and data wmmunicat im 
Construction d lacilites 

i vu nnn nnn 

8 w $10 nvkm aulholiid m lilk II lo1 &ant we and f-lp hogram 

13.721 000.000 
4,081 300,000 

210.700.000 
'I 608 000 000 

LEGISLATIVE HISTORY 
In January, 1987, the Administration submitted its fiscal year 

1988 budget request for NASA. The Committee considered budget 
and related policy matters in hearings on January 22, February 3, 
February 19, February 26, March 5, and April 29. The Committee 
received testimony from the NASA Administrator and NASA offi- 
cials associated with major agency programs, the Secretary of the 
Air Force. t,hP Director of the Office of Commercii! S p c e  Trans- 
portation, and the space science and aerospace communities. 

On May 7, 1987, Senators Riegle and Pressler introduced S. 1164, 
a bill to authorize appropiai ips  @ the National Aeronautics and 
Space X h i i i i a i i  aiiuii. vu iviay o, Senaior iiiegie introduced S. 
1173, a bill to authorize appropriations for the Office of Commer- 
cial Space Transportation. Both of these measures were introduced 
a t  the request of the Administration. On May 14, the Committee 
met in executive session and unanimously ordered reported S. 1164 
with an amendment in the nature of 2 substitute. The amendment 
reported by the Committee also incorporated the language of S. 
1173 (the Office of Commercial Space Transportation FY 1988 Au- 
thorization), S. ,502 (Technical hmendments to the Land Remote- 
Sensing Commercialization Act of 19841, S. 503 (the Shuttle Gifts 
and Donations Bill), S. 504 (Reestablishment of the National Aero- 
nautics and Space Council), and S. 752 (the Space Grant College 
and Fellowship Program). 

NASA AUTHORIZATION SUMMARY 
[In millions 01 dollars] 

I Rerearch and development 
I Space station 
2 Space transportation capability development 

Spacelab 
Upper stages 
Engineering and technology base 
Payload operations and support equipment 
Advanced programs 
Tethered satellite system 
Orbital maneuvering vehicle 

A Physics and astronomy 
3 Space science 

Hubble space telescope development 
Gamma ray observatory development 
ShutllelSpacelab payload development 
Explorer development 
Mission operator and data analysts 
Rerearch and analysis 
Suborbital program 

B Lile xiences 
C Planetaty exploration 

Galileo development 
Magellan 
lll"ijPS 

M a n  nhiervpr 
- I  

( 3  1207)  
420 0 
491 1 
1139) 

(156 1) 
(1334) 

( 4 4  51 
( 2 7 6 )  
( 1 0 6 )  
( 4 5 0 )  
983 4 

( 5 5 2 8 )  
101 3 
50 5 
90 1 
56 7 

1 2 5 1  
53 4 
75 I 

(358 4 )  
11 2 
97 3 
!C 2 
5> I 

(72 2 )  

( 3  623 2)  13 721 0) 
767 0 167 0 
568 6 592 6 
(73 5)  

(1597)  (181 7) 
139 8)  
I83 4 )  ( 8 5 4 )  
(24 91 

(7 3) 
(80 0) 
949 0 913 7 

(561 I )  (591 8)  
98 4 
49 1 
95 4 
60 3 80 3 

128 1 
60 1 
75 7 80 4 

1146) 174 6)  
(301 31 I307 3 )  

55 3 
59 6 

19 3 

I n  0 



NASA AUTHORIZATION SUMMARY--Continued 
iln OI m w  

M i w  operatmns and data anabis 75 8 
Rerearch and anabis 68 0 

4 SpMe applicatlans 569 2 
A sdd Earth ObSeTyatms (75 6) 

ShuItk/Wcebb payloads 21 6 
32 1 
21 9 

GeadyMmm 
Research and analysis 

B Enwmmental abservatmns (320 9) 
ibplled research data analysis and related activities 142 8 
Shuttk/Spaceiab payload development 12 0 
Scatter meter  32 9 
Uwr atmosphere research satellite [UARS] 114 2 
Ocean IopJgraphy experiment [TOPEXI 19 0 
Global georpace xenm 0 

C Hater& pmcesung in vce (47 9) 
0 Communuatms (1035)  
E lnlormalm systems (21 3) 

5 Commercial pograms 40 9 
Techndogy utilizatmn (157) 
Commercial use 01 rpace (25 2 )  

6 Aeronautwl rerearch and technology 374 0 
Research and techndogy base 
Systems technology programs 

ROtO€raR SplemS tKhnOlOU 
High perfotmance aircralt system8 tShnQlOgy 
Advanced pc&on sptems tKhndOgy 
Numerical aerodynamic simulation 

7 Transatmospheric research and tEChnQlogy 
8 Space research and toehndogy 
9 Safety reliablity and quality assurance 
10 Tracking and ddta advanced systems 

1 Space shuttle prcductmnsloperatmns capability 

45 0 
168 0 

12 0 
I7 I 

(5 799 5) 
1.005 1 

II Space llight control and data wmmunlcalions 

Orbiter operational capability 
Launch and mission sup~ort 

Changes and systems upgrading 
RqlUlSlOn systems 

2 Replacement orbiter 
3 Space transwflation operations 

2 100 0 
1 847 0 

Flight operations (5577) 
Flight hardware (936 0) 
Launch and landing operations (353 3) 

845 4 
Space network 
Ground network 
Communlcations and data systems 

5 Extendable launch vehicle Werations 

4 Space tracking and ddta acquisition 

20 

77 0 .............. 
75 3 ............. 
559.3 651 4 
(76.8) (808) 
21 I ................... 
33.1 ................ 
22 6 26.6 

(393.8) (393.8) 
141.3 ................... 
19.4 .............. 
22.7 ......................... 
95.4 ............... 
90.0 ............... 
25 0 

( 4 5 9 )  ( 9 0 )  
(205) (104 5) 
( 2 2 3 )  (2231 
54 0 49 0 
11831 (18 3) 
i357j (307) 
375 0 375 0 
(285 2) .................. 
(898) ........................ 

5.0 ........................ 
14.6 ................ 
30 5 ..................... 
39 7 ....................... 
66.0 66.0 

29.0 212.0 
16 2 16.2 
18.1 18.1 

(4,064 3) (4.081 3) 
1.2296 1.1506 
(4032) (324 2 )  
(249.3) ................. 
(552.1) ................. 
(250) ............... 

1.8858 1885 8 
(561 1) 
(923 1) 
(401 6) 
948 9 944 9 
(481 5) 
(257 1) 
(2103) 

0 100 0 
111 Canstruction of lacilities (1663) (195 5) (210 7) 
IV Research and program management (14605) (15980) ’ (16080) 

Total NASA 105470 94810 96210 

I IcI&i S i 0  milhm author,id IO title II tor S$XP Clan1 Colkge and fdlorrhlp Rogram 

SUMMARY OF MAJOR PROVISIONS 
For fiscal year 1988, the Committee would authorize 

$9,621,000,000 for NASA, and $4,550,000 for the Office of Commer- 

cial Space Transportation. Of this, $3,721,000,000 is authorized for 
research and development, $4,081,300,000 for Space Flight Control 
and Data Communications. In addition, $210,700,000 is authorized 
for Construction of Facilities, and $1,608,000,000 for Research and 
Program Management, including the $10 million authorized in title 
I1 of the National Space Grant College and Fellowship Program. 

The Committee provides $767,000,000 to initiate Phase C/D ac- 
tivities with the intent that actual hardware development activities 
will begin in this fiscal year. This represents no change from the 
fiscal year 1988 budget request of the Administration. 

The Space Transportation Capability Development budget of 
$592,600,000 represents a $24,000,000 increase over the fiscal year 
1988 NASA budget request. This increase will provide for the de- 
velopment of the upper stage and payload operations necessary to 
accommodate the Advanced Communications Technology Satellite 
(ACTS), which is scheduled for launch in November 1990. 

The Committee authorizes $973,700,000 for Space Science activi- 
ties, which is $24,700,000 above the Administration’s budget re- 
quest. $20,000,000 of this increase will provide additional funds for 
the Explorer Development program. The additional $4,700,000 of 
the increase will be directed at  the suborbital programs to increase 
flight opportunities in this productive area. The Planetary Explora- 
tion and Life Sciences programs are funded a t  the level of the 
President’s budget request for fiscal year 1988, $307,300,000 and 
$74,600,000 respectively. 

The Committee authorizes $651,400,000 for Space Applications 
programs compared with the President’s budget request of 
$559,300,000. The Committee increases funding for Materials Proc- 
essing in Space by $4,100,000 to increase the development of flight 
hardware. The Committee augments the Solid Earth Observations 
budget to establish capabilities for receiving directly from foreign 
remote sensing satellites data collected over the United States. The 
Committee also provides $84,000,000 for the Advanced Communica- 
tions Technology Satellite (ACTS) program, for which no funding 
was requested by the Administration. Other programs, such as the 
Upper Atmosphere Research Satellite WARS), the Ocean Topogra- 
phy Experiment (TOPEX), and the Global Geospace Science pro- 
gram (the only new start included in the budget request) are au- 
thorized at  the levels of the President’s budget request. 

The Committee has authorized $49,000,000 for NASA’s commer- 
cial programs, a $5,000,000 reduction from the requested level. 

In the Aeronautical Research and Technology programs, the 
Committee authorizes $375,000,000 which is identical to the Admin- 
istration’s request. 

Transatmospheric Research and Technology is also authorized at  
the requested level of $66,000,000. 

NASA requested $250,000,000 for Space Research and Technology 
in fiscal year 1988, including $134,100,000 for the Civilian Space 
Technology Initiative (CSTI). The Committee authorizes 
$212,000,000 for these programs. The $38,000,000 reduction antici- 
pates that in fiscal year 1988 the Department of Defense will fund 
duplicative propulsion technology activities to be undertaken by 
NASA as part of the Advanced Launch System program. This re- 



duction is without prejudice since the Committee strongly endorsed 
the CSTI initiative. 

The Committee authorizes $16,200,000 for Safety, Reliability and 
Quality Assurance, and $18,100,000 for Tracking, and Data Ad- 
vanced Systems. Both of these programs are funded at  the request- 
ed funding level. 

The total Research and Development budget for fiscal year 1988 
is $3,721,000,000, compared with a budget request of $3,623,200,000, 
and a fiscal year 1987 operating plan of $3,120,700,000. 

trol and Data Communications for fiscal year 1988 compared to the 
President's budget request of $4,064,300,000. Of this amount 
$1,150,600,000 is for Space Shuttle Productions and Operations Ca- 
pability, $1,885,800,000 for Space Transportation Operations, 
$944,900,000 is for Space Tracking and Data Acquisition, and 
$100,000,000 is for Expendable Launch Vehicle Operations. 

The Administration requested $1,229,600,000 for fiscal year 1988 
for Space Shuttle Production/Operations Capability. The Commit- 
tee authorizes $1,150,600,000 for these activities. The Committee 
deleted funding for Space Shuttle structural spares, which totals 
$79,000,000, until such time as NASA's use of expendable launch 
vehicles is resolved and the Nation's space transportation require- 
ments are thoroughly identified. 

The Committee authorizes $1,885,800,000 for Space Transporta- 
tion Operations, the President's request. However, the Space 
Tracking and Data Acquisition request is reduced by $4 million to 
$948,900,000. This is a general reduction to be made at  the discre- 
tion of the Administrator of NASA. 

In addition, the Committee authorizes $100,000,000 to initiate the 
procurement of Expendable Launch Vehicles despite the fact these 
funds were not requested. 

In fiscal year 1988, the Committee authorizes $210,700,000 for 
Construction of Facilities, compared to the requested level of 
$195,500,000. The Committee, without prejudice, defers initiation of 
Space Station Construction of Facilities activities until 1989, result- 
ing in a reduction of $25,800,000, and authorizes Phase I of the 
repair and rehabilitation of the Ames Research Center 12 foot pres- 
sure wind tunnel which results in an increase of $41,000,000. The 
deferral of space station facilities projects adjusts this schedule to 
the most recent Administration proposal. 

The Research and Program Management account would be in- 
creased $10,000,000 over the NASA request of $1,598,000,000. This 
increase would accommodate initiation of the Space Grant Fellow- 
ship program contained in Title 11. The total authorization for Re- 
search and Program Management would be $1,608,000,000 in fiscal 
year 1988. 

The total authorization for NASA in fiscal year 1988 is 
$9,621,000,000, compared with the President's budget request of 
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$10,547,000,000. 

The Committee also has included $4.550.000 in S. 1164 for the ac- 
tivities of the Office of Commercial Space Transportation. This 
meets tully the request submitted by the Administration and com- 
pares with $1,245.000 in  fiscal year 1987 

1.-RESEARCH AND DEVELOPMENT-$3,721,000,000 
The Committee authorizes $3,721,000,000 for research and devel- 

opment activities in fiscal year 1988. This is $97.8 million greater 
than the President's fiscal year 1988 request. 

The objectives of the National Aeronautics and Space Adminis- 
tration program of research and development are to extend our 
knowledge of the Earth, its space environment, and the universe; 
to expand the technology for practical applications of space tech- 
r?n!ogy; tn deve!np ar?d impmve mannpd and icnmannerl spare vehi- 
cles; and to assure continued development of the long-term aero- 
nautics and space research and technology necessary to accomplish 
national goals These objectives are achieved through the following 
elements: 

Spuce Station.-A program to develop a U.S. Space Station to 
continue the Nation's leadership in space and to provide for en- 
hancement of science and applications programs and to further the 
commercial utilization o f  space while stimulating advanced tech- 
nologies. 

Space Transportation Capability Deoelnpment.-A program to 
provide for the development and use of capabilities related to the 
Space Shuttle. The principal areas of activity in Space Transporta- 
tion Capabiiity Deveiopment are efforts related io the development 
and flight certification of the jointly development U.S./Italy Teth- 
ered Satellite System, development of the Orbital Maneuvering Ve- 
hicle, development and operations of the Spacelab systems, the de- 
velopment and procurement of upper stages that place satellites in 
high altitude orbits, the engineering and technical base support at 
NASA centers, payload operations and support equipment, and ad- 
vanced programs study and evaluation efforts. 

Space Science and Applications.-A program using space sys- 
tems, supported by ground-based and airborne observations, (1) to 
conduct a broad spectrum of scientific investigations to advance 
our knowledge of the Earth and its space environment, the Sun, 
the planets, interplanetary and intersellar space, the stars of our 
galaxy and the universe; and (2) to identify and develop the tech- 
nology for the useful applications of space techniques in the areas 
of advanced communications satellite systems technology; materi- 
als processing research and experimentation; and remote sensing to 
acquire information which will assist in the solution of Earth re- 
sources and environmental problems. 

Technology Utilization.-The program includes activities to ac- 
celerate the dissemination to both the public and the private sec- 
tors of advances achieved in NASA's research, technology, and de- 
velopment programs. 

Commercial Use of Space.-A program to increase private sector 
awareness of space opportunities and encourage increased industry 
invpstment and pprticipntinn in high t,echnology. space-based re- 
search and development. 

Aeronautics and Space Technology. -A program to conduct the 
fundamental long-term research and to develop the discipline and 
systems technoiogy required to maintain Uniied Siaies ieadership 
in aeronautics and space. 



Tracking and Data Advanced System.-This program includes ac- 
tivities to .perform studies and provide for the development of sys- 
tems and  techniques leading to improve tracking and data program 
capabilities. 

Research and development budget summary 
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A. SPACE sTATION-$~6~,ooo,ooo 
The Committee authorizes $767,000,000 for fiscal year 1988 for 

the Space Station program. This is the same as the President’s 
fiscal year 1988 budget request. 

Summary of fiscal year 1988 funding levels 
Development ................................................................................................ $733,000,000 

Pressurized modules ............................................................................. (196,500,000) 
Assembly hardwarelsubsystems ..................................................... (204,000,000) 
Platforms and servicing ....................................... 
Power system .......................................................... 

Management and integration ............................................................. l133,500,000) 
Flight telerobotic system ............................................................................. 22,00,000 
Operations ...................................................................................................... 7,000,000 
Transition definition 5,00,000 

Operations capability/utilization ......................... ........................ (52,000,000) 

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

Total space station ............................................................................ $767,000,000 

The Space Station will provide a unique capability to enhance 
the Nation’s space science and applications program and to further 
the commercial utilization of space while stimulating advanced 
technologies. Development of the U S .  permanently manned Space 
Station, as directed by President Reagan, will follow a deliberately 
paced program plan which will permit us to maintain the preemi- 
nence in space our Nation has attained through various manned 
and unmanned programs. 

The U.S. Space Station will be a multi-purpose, national facility, 
providing a permanent human presence in space to conduct essen- 
tial scientific and technical research, to support unique commercial 
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activities, and to perform operational tasks more efficiently in 
space. International participation with the US. Space Station pro- 
gram has been encouraged by the President. Canada, member 
states of the European Space Agency (ESA), and Japan have re- 
sponded enthusiastically. Memoranda of Understanding (MOU) for 
the definition and preliminary design phase were executed with 
Canada, ESA, and Japan in the Spring of 1985 concurrent with the 
initiation of the NASA definition contracts. These international 
partners have undertaken parallel definition and preliminary 
design studies to identify Space Station elements that each of them 
may consider for development. Negotiations for the development 
phase of the program are currently under way with our current 
international partners. 

The Space Station will be designed to permit the system to 
evolve, as warranted, over time to provide greater user utility and 
operational capabilities. Its manned and unmanned elements will 
be designed to facilitate on-orbit maintainability/restorability, 
operational autonomy, human productivity, and simplified user 
interfaces. Implicit in these objectives is the recognized need to op- 
timize madmachine systems in space via automation, robotics, and 
artificial intelligence technologies. 

Based on President Reagan’s announcement of April 3, 1987, the 
final decision on the cost configuration and schedule of the space 
station program will not be determined until after the NASA pro- 
posal is thoroughly reviewed by the National Research Council’s 
(NRC) Committee on the Space Station, which is chaired by Robert 
Seamans. The Council’s report is due on September 1, 1987, and 
the final proposal should be included in the fiscal year 1989 NASA 
budget request. The most recent NASA space station proposal 
would implement the program in two phases-Block I and Block 11. 
Block I would commence in fiscal year 1988, and cost an estimated 
$12.2 billion (1984 constant dollars). Block I1 would commence in 
fiscal year 1991, and cost an estimated $3.8 billion (1984 constant 
dollars). The first space station hardware would be launched in 
March 1994, and the proposed US.  space station would become per- 
manently manned in the 1996 time frame. 

The Station and its platforms will be placed and maintained in 
low-Earth orbit by the Space Transportation System, thereby build- 
ing upon the previous national investment in space. However, the 
use of a heavy lift launch vehicle or advanced launch system for 
the space station is also under review by NASA. 

The definition and preliminary design phase will continue 
through fiscal year 1987 and will provide the technical and pro- 
grammatic plan for the Space Station development program, in- 
cluding the completion of the detailed definition and preliminary 
design, the analysis and integration of national and international 
user community requirements, and the advanced development of 
technology options. A continuing emphasis on user requirements 
and operations will be maintained as the engineering design 
evolves through subsystem advanced development and testing in 
dedicated test beds. 

The fiscal year 1988 budget provides for the buildup of Space Sta- 
tion development activities initiated with funding approved in the 
fiscal year 1987 appropriation. The rate a t  which the buildup of 
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these activities will occur will be somewhat reduced from last 
year’s projection as a result of the configuration review and 
changes and the resulting delay of the request for proposals re- 
lease. In addition to this effort, an indepth assessment of the Space 
Station’s management structure has been completed, and imple- 
mentation of the recommendations is well under way. The key ele- 
ments of the program are now baselined and ready to proceed. 

The development phase will not be initiated until fiscal year 
1988, although funds were provided to initiate these activities in 

tractor effort on the work packages, which will provide the major 
hardware components. Pending the outcome of on-going negotia- 
%ions, supporting development activities such as the systems engi- 
neering and integration (SEW, the program’s Technical and Man- 
agement Information System (TMIS) and Software Support Envi- 
ronment (SSE), and the evolvement of operational planning includ- 
ing user accommodations and interfaces could still be initiated in 
fucal year 1987 Based on the current NASA Space Station Office 
schedule, the contract awards for the major hardware components 
should be awarded by November 1987. The TMIS, S W I ,  and SSE 
contract awards are scheduled for the May-July 1987 time frame. 

Space Station--Committee Comments 
As an indication of the Committee’s strong support of the devel- 

opment of a permanently manned space station, the Committee au- 
thorizes $767 million for the space station program, which is identi- 
cal to the President’s budget request. The Committee anticipates 
that by this Fall a final space station configuration will haye been 
approved and these monies will be used to aggressively initiate 
Phase C/D of the program-the hardware/development phase. 

Despite the Committee’s strong support of the space station pro- 
gram, the Committee is concerned about the degree of confusion 
and lack of commitment that has become apparent within the Ad- 
ministration to develop a permanently manned space station. 
Recent events have unnecessarily caused a great deal of consterna- 
tion and unacceptable delays in the US. space station program. At 
the same time key White House officials are debating whether or 
not to hui!d a space station and the proposed cost, schedule, and 
configuration, the Soviets have a permanently manned space sta- 
tion that circles the globe every ninety minutes. The Committee be- 
lieves that i t  is time for the US. to realize that our leadership in 
space has significantly eroded, and, if certain measures are not 
taken, our space program could experience.. a significant reduction 
in vitality and effectiveness. 

The Committee is optimistic that the National Research Coun- 
cil’s review of the cost, schedule and configuration of the space sta- 
tion program will resolve the outstanding issues with only margin- 
n! changes to the NASA propcsa! and will h ~ l p  t h e  Administration 
commit to a single, clearly defined concept. Once the concept has 
been agreed upon, the Committee hopes the Administration will 
manifest its commitment to the program with a commensurate re- 
quest for resources in the tiscai year i989 budget submission. The 
Committee is concerned that currently the only budgetary commit- 
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ment the Administration has made to the space station program is 
for fiscal year 1988-90. This creates some uncertainty as to the 
degree of commitment to and scope of the program beyond fiscal 
year 1990. 

This Committee has long supported a balanced space program 
and continues to see the spacc station as a critical element of that 
program. However, the Committee does not see the space station as 
an end in and of itself. Rather, it is a means to accomplish basic 
scientific goals and space research. The Committee, therefore, ex- 
pects to see I s~s t z i~ec !  commi tment  tn NASA’- nther  research a n d  
development activities, especially space science and applications 
and aeronautics. 

The Committee is stronglv committed to the belief that the space 
station project should advance the state of technology-specifically, 
technologies that can be spun-off for ground-based applications or 
that improve the performance and economics of space-based activi- 
ties. For this reason, the Committee has been most supportive of 
the space station advanced technology initiatives. in particular au- 
tomation and robotics and the solar dynamic power system. Con- 
cerning the latter, the Committee instructs NASA to continue 
within available fiscal year 1988 funding the preliminary design ac- 
tivities for the development of solar dynamic power. In parallel 
with these activities, KASA is instructed to initiate the develop- 
ment of solar dynamic hardware that will permit this advanced 
technology to be incorporated into the space station program if the 
“full up” or “phased program” is agreed to in fiscal year 1989. 

The Committee maintains its belief that the space station is a fa- 
cility that should be used for peaceful purposes in accordance with 
international law. Accordingly, the Committee has incorporated 
language in the fiscal year 1988 bill which reaffirms this position. 
The same language was included in the fiscal years’ 1985, 1986, and 
1987 Senate bills and restates Article IV of the 1967 Treaty on 
Principles Governing the Activities of States in the Exploration and 
Use of Outer Space, Including the Moon and Celestial Bodies. Pur- 
suant to this standard, the Department of Defense is perceived to 
be a user of the space station, and it is recognized that it may con- 
duct research and development activities on the space station fa- 
cilities. 

The Committee recognizes that an important element of the 
international negotiations over the use of the space station is the 
issue of national security related activities. The Committee under- 
stands that the current negotiating record in this regard has been 
clearly established and that all utilization will be for peaceful pur- 
poses consistent with international law, including utilization for 
national security purposes. 

The Committee is deeply concerned about the extent and degree 
of preceived interagency differences of opinion as to the character 
and role of the proposed space station. Final resolution of this issue 
is critical to the successful completion of international negotiations 
and to final Congressional approval of the space station program. 
The fact that the current space policymaking apparatus does not 

cause for serious concern. 
appear Lo have been abie io resuive these iiitei-agency 6iffeieiiii.s is 
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Finally, the Committee is concerned that nearly $150 million of 
fiscal year 1987 space station funding remains frozen pursuant to 
report language contained in the fiscal year 1987 HUD-Independ- 
ent Agencies Appropriations Bill (H.R. 59-731). The Committee 
feels it is absolutely essential that NASA and the Appropriations 
Committees resolve this issue in a timely manner. These monies 
are required to initiate critical support, non-prime contracts in 
fiscal year 1987, including the Technical Management Information 
System (TMIS), the Software Support Environment (SSE), and the 
Program Support Contractor (PSC) that could substantially en- 
hance the implementation of the space station program in fiscal 
year 1988. The Committee expects to the kept well informed of any 
development in this area and in any other area pertaining to the 
space station program. 

B. SPACE TRANSPORTATION CAPABILITY DEVELoPMENT-$592,600,000 
The Committee authorizes $592,600,000 for fiscal year 1988 for 

space transportation capability development. This is $24 million 
greater than the President’s budget request in order to accomme 
date the launch of the Advanced Communications Technology Sat- 
ellite (ACTS) in 1990. The President requested no funds in fiscal 
year 1988 for ACTS. 

Summary of fiscal year 1988 funding levels 
........................................ .... $73,500,000 
............................................................. 181,700,000 

......... 85,400,000 
............................................................... 24,900,000 
.............................................................. 7,300,000 

Orbiting maneuvering vehicle ..................................... .............. 80,000.000 

592,600,000 

The principal areas of activity in Space Tranportation Capability 
Development include the Spacelab the Upper Stages required to 
place satellites in high altitude orbits; the Engmeering and Techni- 
cal Base su port at the manned space flight centers; Payload Oper- 
ations and Eupport Equipment for accommodating NASA payloads; 
Advanced Programs study and evaluation efforts; the development 
and first flight of the United StatedItalian T e t h e r s  Sate!lite 
System; and the develo ment of the Orbital Maneuvering Vehicle. 

S acelab is a major eyement of the Space Transportation System 
(ST8) that provides a versatile, reusable laborator which is flown 
to and from Earth orbit in the orbiter cargo bay. $he development 
program which has been carried out jointly by NASA and the EU- 
ropean Space Agency (ESA) continues with the procurement of 
hardware for the Hitchhiker System, the Spacelab Pallet System, 
the Space Technolo Experiment Platform and the lay-in of 
spares to support theqight program. 

Upper Stages are required to deploy payloads to orbits and tra- 
jectories not attainable by the Shuttle alone. The program provides 
for procurement of stages for NASA missions, for technical moni- 
toring and management activities for government and commercial 
Upper Stages, and a solid rocket motor integrity program to estab- 
lish an engineering data base for solid stage components. 

Total space transportation capability development ................... 

The Engineering and Technical Base provides the core capability 
for the engineering, scientific and technical support required at the 
Johnson Space Center (JSC), the Kennedy Space Center (KSC), the 
Marshall Space Flight Center (MSFC), and the National Space 
Technology Laboratories (NSTL) for research and development ac- 
tivities. 

The Payloads Operations and Support Equipment program devel- 
ops and places into operational status the ground and flight sys- 
tems necessary to support the STS payloads during pre-launch 
processing, on-orbit mission operations and, when appropriate, 
post-landing processing. Included within the program area are the 
STS support service for NASA payloads, satellite servicing tools 
and techniques development, flight demonstrations and multi-mis- 
sion payloads support equipment. 

The Advanced Programs effort identifies potential future space 
initiatives and provides technical as well as programmatic data for 
their definition and evaluation. Activity is focused on six major 
areas: advanced missions, satellite services, spacecraft systems, ad- 
vanced transportation systems, crew systems, and generic space 
system capabilities. Advanced development activities are conducted 
to provide a basis for obtaining significant performance and reli- 
ability improvements and reducing future program risks and devel- 
opment costs through the effective use of new technology. Exten- 
sive studies are being conducted jointly with DOD on future launch 
vehicle requirements. 

The Tethered Satellite System (TSS), a joint ItaliadUnited 
States development effort, will provide a new reusable capability 
for conducting space experiements and unique tethered applica- 
tions in regions remote from the Shuttle orbiter. The objectives of 
the initial TSS mission are twofold: (1) to verify the controlled de- 
ployment, operation, and retrieval of the TSS, and (2) to quantify 
the interaction between the satelliteltether and space plasma in 
the presence of a current drawn through the tether. 

The development of the Orbital Maneuvering Vehicle (OMV), ini- 
tiated in 1986, will provide a capability for payload delivery, re- 
trieval, and servicing beyond the reach of the Space Shuttle or the 
Space Station. The first scheduled operational use of OMV is the 
reboost of the Hubble Space Telescope scheduled for November 
1991. 
Spacela b 

The fiscal year 1988 Spacelab development funds are required to 
complete the Hitchhiker and Space Technology Experiments Plat- 
form (STEP) programs, to complete the lay-in of both U S .  and Eu- 
ropean source spares, and to make the necessary hardware and 
GSE modifications and upgrades for return-to-flight recertifications 
as recommended by the Rogers Commission in preparation for re- 
flight in 1989. 

The fiscal year 1988 operations program reflects significant re- 
structuring and rescheduling of Spacelab missions resulting from 
the Challenger accident. Funds are required to support payload op- 
erations and to continue payload integration support, mission inde- 
pendent training, and logistic support in preparation for launch of 
the Astro-1 mission and the Materials Science Laboratory (MSL-3 
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and MSL-4) and two to three Hitchhiker systems in fiscal year 
1989 and the first Spacelab Life Science Laboratory (SLS-11, the 
International Microgravity Laboratory (IAML-l), MSL-5, and four 
Hitchhiker systems in fiscal year 1950. The support for these mis- 
sions includes analytical integration, configuration management, 
hardware integration and software development and integration. 

JSC Payload Operations Control Centers (POCC) required to sup 
port the Spacelab manifest. Spacelab operations also provide for re- 
plenishment spares, the operation of the depot for United States 
and European hardware and software, and sustaining engineering 
of all hardware and software. 

The fscal year 1588 request also reflects significant program re- 
structuring and rescheduling of Spacelab missions resulting from 
the standdown of the Shuttle. The current program provides for 
launching one to two major Spacelab missions per year beginning 
in 1985 as compared to three to four missions planned previously. 

In addition to these NASA missions, Spacelab reimbursable mis- 
sions are scheduled to support DOD, Germany (D-2) and Japan (J). 
Upper stages 

The STS upper stages are required to deploy Shuttle-launched 
payloads to orbits not attainable by the Shuttle alone. The Inertial 
Upper Stage (IUS) and the commercially developed Payload Assist 
Modules (PAM-A, PAM-D and PAM-DIU are currently available 
for use on the STS. Several other upper stages now being commer- 
cially developed, including the Transfer Orbit Stage (TOS), will 
become available for use with the STS. 

Production and operations funds in fiscal year 1988 are required 
to continue production of three IUS’S and one PAM-S vehicle to 
support the Galileo, Ulysses and Magellan missions, and uppfr 
stages for the Mars Observer, ACTS, TDRSS-E and TDRSS-F mis- 
sions. Monitoring of the PAM-D, PAM-DII and TOS programs will 
continue. Funds are also required to support continuation of the 
solid rocket motor integrity program. Funding starts in fiscal year 
1988 on four upper stages, three PAM-D class and one Apogee and 
Maneuvering Stage class, for the Global Geospace Science missions. 
Engineering and Technical Base 

The Engineering and Technical Base (ETB) provides the core ca- 
pability required to sustain an engineering and development base 
for various NASA programs at  the manned space flight centers. 
Additional center program support requirements above the core 
level are funded by the benefitting programs, such as Shuttle Oper- 
ations and Shuttle Production and Capability Development. The 
centers involved are the Johnson Space Center (JSC), the Kennedy 
Space Center (KSC), the Marshall Space Flight Center (MSFC), and 
the National Space Technology Laboratories (NSTL). 

The core level of support varies from center to center due to pro- 
grammatic ana insritutionai differences. At ZSC, the cijie :eve: re- 
quirement is that one shift of operations be maintained in the engi- 
neering and development laboratories and the White Sands Test 
Facility. Safety. reliabilitv and quality assurance areas are also 
supported by the ETB core. The core level for the central computer 

Funding is ako inc!uded to operate and maintain the EMFC ar?d 

complex is established as a two-shift operation. The funding for 
center operations base support is split between the ETB and Shut- 
tle Operations budget elements in  accordance with the principle 
that ETB will provide the core level, and the benefitting program 
is responsible for funding additional support requirements. At KSC, 
due to its operational character, the core level provides for future 
studies and  ground systems research and  development. ETR funds 
at MSFC provide for multi-program support activities, including 
technical labs and facilities, reliability and quality assurance, com- 
putational and communications services, and at  NSTL for facilities 

Payload Operations and Support Equipment 
The Payload Operations and Support Equipment objectives are to 

centralize the provisioning of payload services, both unique and 
common, which are required beyond the basic standard services for 
NASA missions, and to provide multi-mission support equipment in 
support of payload operations. 

Payload operations funding is required to furnish continued pay- 
load services for currently scheduled NASA launches. As a result 
of the Challenger accident and the decision to cancel the Centaur 
program for planetary launches, there have been major changes in 
payload integration requirements. Major NASA payloads receiving 
support during this year include Htibble Space Telescope, Galileo, 
Ulysses, Magellan, Astro, the Advanced Communications Technolo- 
gy Satellite, and Tracking and Data Relay Satellite (TDRS). The 
change to IUS upper stages for the planetary launches of Galileo, 
Ulysses and Magellan requires substantial new integration. The 
significant change in launch dates for all NASA payloads will re- 
quire a thorough reassessment of the payload integration into the 
‘Shuttle. Efforts will continue to provide the means to maintain and 
repair satellites on-orbit by developing a series of tools, aids, and 
techniques, and to demonstrate capabilities and methods of improv- 
ing the efficiency of on-orbit operations. These demonstrations will 
provide the experience necessary for realization of the Shuttle’s po- 
tential for satellite servicing missions and on-orbit assembly func- 
tions. 
Advanced Programs 

Advanced Program’s principal objectives are to conduct mission 
requirements analyses, conceptual system definition, detailed 
system definition, and advanced and supporting developments to 
acquire the technical and programmatic data for the evaluation of 
new space flight initiatives. Future space program and systems re- 
quirements, configurations, costs, and capabilities are identified to 
provide the basis for development decisions on new space flight sys- 
tems. 

The objective of efforts to be initiated in the advanced manned 
mission area will be the planning and analysis of potential follow- 
0- nrnrrrnmc to !===!?dit the STS the Sp2ce $.tntir)z. htngr2te.l 
program options invoiving iow Earth orbit, geostationary orbit, 
lunar and planetary missions will be investigated, with the multi- 
year purpose to develop goals, planning information, and infra- 
structure requirements. 
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In fiscal year 1988, major emphasis will be placed on system con- 
cept definition and key advanced technology in crew systems, geo- 
stationary Earth orbital unmanned platforms, reusable orbital 
transfer vehicles (OTVs), new capability mission kits for orbital 
maneuvering vehicles, future tethered systems applications, satel- 
lite servicing systems near and remote from the orbiter, and second 
generation shuttles. A major goal continues to be the conceptual 
definition of the systems architecture and space elements needed 
for space operations over the next twenty years. 
Tethered Satellite System 

The development of a Tethered Satellite System (TSS) will pro- 
vide a new reusable facility for conducting space experiments a t  
distances up to 100 kilometers from the Shuttle orbiter while being 
held in a fixed position relative to the orbiter. 

The United States is responsible for overall program manage- 
ment, overall systems engineering and integration, Orbiter integra- 
tion, ground and flight operations, and development of the deploy- 
ment mechanism. The US. effort was initiated in 1984. The Ital- 
ians are responsible for the design and development of the satellite 
and the European instruments being flown on the joint missions. 
They initiated their development efforts in 1984. 
Orbital Maneuvering Vehicle 

The Orbital Maneuvering Vehicle (OMV) wil1,provide a new STS 
reusable extension capability for conducting orbital operations with 
spacecraft and payloads beyond the practical operational accessibil- 
ity limits of the baseline STS. By means of direct man-in-the-loop 
control, the spacebaseable reusable OMV, operating as far as 1,200 
nautical miles altitude above the orbiter, will provide delivery, ma- 
neuvering, and retrieval of satellite payloads to and from altitudes 
or inclinations beyond the existing STS capability; reboost of satel- 
lite to original operational altitudes or higher; delivery of multiple 
payloads to different orbital altitudes and inclinations in a single 
flight; and safe deorbit of satellites which have completed their 
useful life. It will be designed to serve the Space Station as well 
and to accommodate the add-on of future “mission kits” as needed 
to support more advanced missions such as the servicing of satel- 
lites and platforms and the retrieval of space debris which could 
represent an orbital hazard to all future space missions. TRW was 
competitively selected and is now under contract to develop the 
OMB. The planned first flight for the OMV is late 1991. 

Space Tmnsportation Capability Development-Committee 
Comments 

The Committee’s authorization of $592.6 million for Space Trans- 
portation Capability Development is $24 million more than the 
President’s budget request. This additional authorization repre- 
sents an increase of $22 million for Upper Stages and $2 million for 
Payloads Operations and Support Equipment to procure and inte- 
grate a TOS upper stage for the Advanced Communications Tech- 
nology Satellite which is scheduled to be launched in November 
1990. 

I4 6 
The Committee maintains its concern about the significant re- 

duction in the space shuttle manifest of Spacelab missions-from 
twenty-eight missions through 1990 in the pre-Challenger manifest 
to eleven in the October 1986 manifest through 1994. Spacelab mis- 
sions offer a unique laboratory environment for research and devel- 
opment activities and are important precursors to the space sta- 
tion. The Committee expects to be kept well-informed of any devel- 
opments in this area and be apprised of any options that may be 
considered to compensate for any reductions in Spacelab capabili- 
ties. 

Along this same line of concern, the Committee is intrigued by 
two concepts that could significantly enhance our Nation’s short- 
term space capabilities and improve the prospects for our mid- and 
long-term policy goals. These two concepts are the Extended Dura- 
tion Orbiter and the Industrial Space Facility (ISF); both of which 
are currently being analyzed for development by commercial enti- 
ties. 

The Committee wants to be sure that the United States is well 
prepared to take advantage of the unique opportunities which our 
Space Station will provide. Accordingly, the Committee favors in- 
terim measures to maintain a vigorous space science program and 
to obtain important flight experience that can contribute to the 
eventual success of the Space Station. For example, the Committee 
notes the recommendation from the Task Force on Scientific Uses 
of Space Station that “the use of free-flying, man-tended modules 
such as the Industrial Space Facility proposed for development by 
Space Industries, Inc. can provide an important, interim solution to 
having significant space research capabilities prior to Space Station 
operations.” 

The Committee also believes that the availability of a facility 
like the ISF could provide valuable flight experience prior to the 
construction and operation of the Space Station. The Committee 
urges NASA to consider and submit by November 1, 1987 a report 
on the ways in which such a facility could enhance US. space sci- 
ence and space station programs. 

The Committee also would like NASA to reconsider the feasibili- 
ty of extending the flight duration and capabilities of the orbiter. 
The Committee realizes the Extended Duration Orbiter (EDO) con- 
cept is not new; it has been intermittently studied by NASA since 
1977. However, the events of January 1986 have significantly 
changed the results of prior evaluations that assumed robust shut- 
tle flight rates (24 flights per year). The current reduction of the 
space shuttle flight rate has seriously reduced space science flight 
opportunities, and perhaps the time has come to shift the emphasis 
of the space shuttle program from flight rate to stay time. At the 
same time, the EDO, once perceived as a threat to the requirement 
for a permanently manned space station, now is seen as a potential 
aid in space station assembly and in reducing space shuttle support 
requirements. 

The Committee, therefore, directs NASA to reassess the concept 
of an Extended Duration Orbiter and to report back by November 
1, 1987 as to the feasibility, value, and cost of such a project. The 
Committee also directs NASA to assess and report back as to the 



feasibility of a commercial ED0 venture along the lines of the pro- 
posal submitted by EFFORT, Inc. 

Finally, the Committee requests that it be kept well-informed of 
the progress being made in (1) the Orbital Maneuvering Vehicle 
program and its availability to reboost the Hubble Space Telescope 
in 1991 and (2) the procurement and integration of upper stages for 
the three planetary programs-Gaiiieo, 'u'lysws, and Mage!!an. 

In the aftermath of the Challenger tragedy, there is renewed in- 
portance of the activities in the Space 

m-.. I , P ) I O y " I  .. -..,...+ .....*--. ., t; nn c Development Account. The Committee 
strongly supports tivities and believes they can greatly en- 
hance the overall performance and capability of the civil space pro- 
gram. 

c. SPACE &XENCEs-$973,700,00O 
The Committee authorizes $973,700,000 for Space Sciences- 

Physics and Astronomy, Life Sciences and Planetary Exploration- 
for fiscal year 1988. This is $24.7 million greater than the Presi- 
dent's fmal  year 1988 budget request in order to accommodate 
more robust Explorer and suborbital programs. Of this amount, 
$591,800,000 is for Physics and Astronomy, $74,600,000 is for Life 
Sciences. and $307,300,000 is for Planetary Exploration. 

1. PHYSlCS A N D  ASTRONOMY-$891,800,000 

Summary of fmcal year 1988 funding for physics and astronomy 
Hubble Space Teleseo pe ............................................................................... 
Gamma Ray Observatory ............................................................................ 49,100,000 

Mission operation and data analysis ......................................................... 
Research and analysis .................................................................................. 60,100.00 
Suborbital program ...................................................................................... 80,400,000 

$98,400,000 

SpacelablSpace Station payload development ........ .......................... 95~400.000 
Explorer development .................................................. .......................... 80~300~000 

128.100,~O 

Total for physics and astronomy .......... .................................... 5913800800 

The objectives of the Physics and Astronomy program are to in- 
crease understanding of the origin and evolution of the universe, 
the fundamental laws of physics, and the formation of stars and 
planets. The objects under study include the most distant clusters 
and galaxies, stars and structures in nearby galaxies, and the inter- 
stellar medium in our galaxy. The most unusual and exotic phe- 
nomena exhibited as quasars, black holes, neutron stars, and pul- 
sars are of particular interest. We also include our own Sun, with 
its multitude of time varying phenomena at all scales of special 
resolution. Spece research allows observations in wavelength re- 
gions, such as the infrared, ultraviolet, or x-rays and gamma-rays, 
which are  absorbed by the Earth's atmosphere, or in the visible 
region, where ground based work is limited by atmospheric distort- 
ing effects. We also couple these observations to those of cosmic ray 
particies, which have their origin in energetic acceleration process- 
es occurring in sites such as solar flares and supernovae. 

The objectives of the program are accomplished with a mixture 
of large, complex free-flying space missions, less complex Explorer 
spacecraft, Shuttle/Spaceiab flights, reirievabk Spartans, and E& 
orbital opportunities. The latter include balloons, aircraft, and 

:4 7 sounding rocket flights. In the future, the Space Station will pro- 
vide an opportunity for both attached payloads and major free- 
flying observatories requiring assembly. maintenance, and refur- 
bishment on-orbit. The entire program rests on a solid basis of sup- 
porting research and technology, data analysis, and theory. 

Research teams involved in this program are located a t  universi- 
ties, industrirr! !aboratnriPn N A S A  fieid.centers. and other govern- 
ment laboratories. The scientific information obtained and the 
technology developed in this program are made available to the sci- 
entific communities and the general public for application to the 
advancement of scienriiic itnowiedge, educaiiuii and ~ e d ~ ~ d o g - y .  

Hubble Space Telescope derlelopment 
The Hubble Space Telescope wili make a major contribution to 

understanding the stars and galaxies, the nature and behavior of 
the gas and dust between them, and the board question of the 
origin and scale of the universe. The Hubble Space Telescope will 
operate in space above the atmospheric veil surrounding the Earth, 
increasing dramatically the volume of space accessible for observa- 
tions. With its significant improvements in resolution and precision 
in light sensitivity and in wavelength coverage, the Hubble Space 
Telescope will permit scientists to conduct investigations that could 
never be carried out with ground-based observatories limited by the 
obscuring and distorting effects of the Earth's atmosphere. 

The Hubble Space Telescope will enhance the ability of astrono- 
mers to study radiation in the visible and ultraviolet regions of the 
spectrum. It will be more sensitive than ground-based telescopes 
and will allow the objects under study to be recorded in greater 
detail. It will make possible unique observations of objects so 
remote that the light will have taken many billions of years to  
reach the Earth. The Hubble Space Telescope will also contribute 
significantly to the study of the early state of stars and the forma- 
tion of solar systems, as well as the observation of such highly 
evolved objects as supernova remnants and white dwarf stars. With 
the Hubble Space Telescope, we may be able to determine the 
nature of quasars and the processes by which they emit such enor- 
mous amounts of energy; it may also be possible to determine 
whether some nearby stars have planetary systems. 

The Hubble Space Telescope will be an automated observatory, 
delivered into orbit by the Space Shuttle. Data from its scientific 
instruments will be transmitted to Earth via the Tracking and 
Data Relay Satellite System. The Hubble Space Telescope design 
will permit on-orbit maintenance and repair, and/or retrieval by 
the Space Shuttle for return to Earth for required refurbishment 
and then relaunch by the Space Shuttle. 

The FY 1988 funding level is required to maintain the irreplace- 
able skilled experts who have hands-on experience with the space- 
craft., During fiscal year 1988, the HST Program will be performing 
addiiioriai safe.iy a d  spacecraft i-c<iel;*. .~;oi.k as a ccr,scqucnce sf 
the shuttle accident. as well as returning to the program manning 
levels needed to support pre-ship functional testing of the HST 
system. transporting the spacecraft to Kennedy Space Center, and 
conducting launch preparations and operations at  KSC. 



Gamma Ray Observatory development 
The Gamm Ray Observatory (GRO) has as its objective the meas- 

urement of the highest energy electromagnetic radiation emitted 
from m u m  in the cosmos. This spectral region represents one of 
the last frontiers in astronomy to be studied at  high sensitivity. B e  
cause of their extreme energy, gamma-rays are produced by the 
most energetic and intriguing phenomena occurring in the uni- 
verse; phenomena occurring in the central energy source region of 
quasars, in supernovae, near black holes, and on the surface of 
neutron stars. 

In fiscal year 1987, instrument calibration and testing will con- 
tinue. Assembly of the spacecraft structure will be completed, elec- 
tronic manufacturing will continue, and all government furnished 
property subsystems for GRO will be delivered. 

Fiscal year 1988 funding is required for completion of the space 
craft modal survey and static load testing. In addition, the fabrica- 
tion and testing of the spacecraft attitude control and power 
system electronics will be completed. The development of the GRO 
mission operations and data systems will be continued, and the im- 
plementation of the payload operations control center (POCC) for 
GRO will be completed. Funding is also required for final testing, 
calibration and shipment of all four science instruments to the 
spacecraft contractor for the beginning of spacecraft integration 
and testing. 
Spacelab/Space Station Payload Development and Mission Manage- 

A primary objective of the Spacelab Payload Development and 
Mission Management program is to develop instruments used for 
Shuttlelspace flight investigations in the disciplines of physics and 
astronomy on board the Space Shuttle or Spacelab carriers. These 
science payloads include sounding rocket class experiments for 
flight on the Space Shuttle. 

A second objective is to initiate the necessary planning, defini- 
tion and development of payloads and missions as the Office of 
Space Science and Applications begins its preparations as a future 
major user of the Space Station complex. This new focus includes 
the study definition of integration and operational requirements of 
potential Space Station payloads and missions, in anticipation of 
the new, integrated methods of conducting scientific research 
which the Space Station will offer. 

Another major objective is to manage the mission planning, inte- 
gration, and execution of all NASA Spacelab and attached pay- 
loads. This includes system management and engineering develop 
ment of flight support equipment and software; development of cer- 
tain interface hardware; payload specialist training and support; 
integration of the science payloads with the Spacelab system; pay- 
load flight operations; data dissemination to experimenters; and 
initial analysis of flight data from physics and astronomy science 
payloads. Similar mission management activities will be carried 
out for Space Station payloads as they enter the development 
phase and interface requirements become well defined. 

ment 
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Mission management of ongoing Spacelab missions will continue 

in fiscal year 1988. For non-physics and astronomy missions, such 
as the Spacelab Life Sciences missions (SLS) and the International 
Microgravity Lab (IML), this includes all Spacelab efforts except in- 
strument development and data analysis. Development of instru- 
ments will continue for the Space Plasma Lab as well as for the 
Shuttle High Energy Astrophysics Lab. For the Astro-1 mission, 
final integration and test activities will resume in preparation for a 
planned flight in early 1989. Fiscal year 1988 funding will support 
the continued development of lowcost sounding rocket class pay- 
loads which will be flown on the Space Shuttle to provide more 
flight opportunities for the science community. 

In addition, fiscal year 1988 funding is required to continue ongo- 
ing Space Station payload development and planning activities. 
Fiscal year 1988 funding will support continued early definition, 
design and development activities for payloads selected for early 
Space Station flights. Other planning activities will address con- 
cerns or issues that typically cut across OSSA disciplines and will 
include continued science operations concept development, informa- 
tion systems concept and architecture studies, servicing studies, 
platform utilization studies as well as other special systems engi- 
neering and integration support studies. 
Explorer development 

Investigations selected for Explorers are usually of an explorato- 
ry or survey nature, or have focused specific objectives not requir- 
ing the capabilities of a major observatory. Past Explorers have dis- 
covered radiation. trapped within the Earth’s magnetic field, inves- 
tigated the solar wind and its interaction with the Earth, studied 
upper atmosphere dynamics and chemistry, mapped our galaxy in 
radio waves and gamma-rays, and determined the properties of the 
interstellar medium through ultra-violet observations. 

Recent Explorers have performed active plasma experiments on 
the magnetosphere, made in-situ measurements of the comet Gia- 
cobinni-Zinner, and completed the first high sensitivity, all sky 
survey in the infrared, discovering over 300,000 sources. 

Solar terrestrial and atmospheric Explorers provide a means for 
conducting studies of the Earth’s near space environment. The 
International Sun Earth Explorer (ISEE-19771, International Come- 
tary Explorer (ICE-19781, Dynamics Explorer (DE-1981), and Ad- 
vanced Magnetic Particle Trace Experiment (AMPTE-19841, have 
provided data on plasmas and fields, near the Earth and through- 
out the interplanetary medium. 

Astrophysics Explorers have been the principal means for con- 
ducting the first sky surveys in the gamma ray, x-ray, ultraviolet, 
infrared, and low frequency radio regions of the electromagnetic 
spectrum. The IUE (1978) is still operating and has shown that our 
galaxy has an extended hot halo, that the local interstellar 
medium is much more transparent and less homogeneous than ex- 
pected, and determined the spectra of hundreds of hot stars which 
are losing mass. The IRAS (1983). in nearly a year of operation, 
performed a complete sky survey over the 10-100 micron region, lo- 
cating over 300,000 sources. 
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In fiscal year 1986, a new cooperative mission called Solar-A (for- 
merly High Energy Solar Mission, HESP) was initiated with the 
Japanese. Solar-A will be launched in 1991 to study the Sun during 
the upcoming solar maximum. The U S .  has selected an instrument 
for this spacecraft which will relate energetic solar phenomena and 
dynamic ccrcna! s t r c c t w e  wen in hard and soft x-rays to the to- 
pology of evolving solar magnetic fields. This will be the first si- 
multaneous observations of these phenomena from space. 

In fmal  year 1987, developTent_continues on the Cosmic Back- 

(EUVE), and on the x-ray imaging instrument to be flown on the 
German Roentgen Satellite (ROSAT). COBE will carry out a defini- 
tive, ali-sky exploration of the infrared background radiation of the 
universe between the wavelengths of a micrometer and 9.6 millime- 
ters. Funding in fiscal year 1987 will be used to continue develop- 
ment and testing of the three COBE instruments and to redesign 
the COBE spacecraft to fit on the Delta vehicle. 

ROSAT, a cooperative project between the Federal Republic of 
Germany (FRG) and the United States will perform a high resolu- 
tion imaging survey of the x-ray sky and provide in-depth studies 
on selected objects. The United States will provide one of the 
ROSAT instruments and the launch services; Germany will provide 
the spacecraft, telescope, and other instruments. Although ROSAT 
is currently manifested for a 1994 Shuttle launch, a possible launch 
on an expendable launch vehicle in late 1989 or early 1990 is also 
under consideration. 

Definition and design will continue in fiscal year 1987 on the X- 
ray Timing Explorer. This mission, the last currently planned 
major effort in the Explorer line, can be ready for launch as early 
as 1993. During fEcal year 1986, a "Dear Colleague" letter was 
issued to obtain proposals for future Explorers. Over 43 were re- 
ceived, and these will be evaluated in fscal year 1987, but selection 
for further study will depend on the availability of future launch 
opportunities for the Explorer program. 

During fmal  year 1988, the reconstruction, integration and test 
of the COBE spacecraft structure and its instruments will be com- 
pleted, and the spacecraft will begin pre-launch preparations. The 
major activity will be on the EUVE development. Activities on 
ROSAT and the development of the US.  instrument for the Japa- 
nese Solar-A will also continue. 
Mission operations and data analysis 

The purpose of the mission operations and data analysis effort is 
to conduct operations and analyze data received from physics and 
astronomy spacecraft after launch. The program also supports the 
operation of a number of spacecraft after their originally planned 
objectives have been achieved, for purposes of conducting specific 
iiivesttigations that hnve ccntinuing, high scientific significance. 
The funding supports the data analysis activities of the many in- 
vestigators at universities and other research organizations assoc1- 
ated with astrophysics and solar terrestrial operational satellite 
projects. Actual satellite operations, inciuding coniroi centiia and 
related data reduction and engineering supported activities, are 

ground Explorer (wBEj,  Lne nxil efiii. ' ' ' ' - - - 7 ~ ~ ' ~ +  V,*,O",".L-c Exp!crer 

typically carried out under a variety of mission support or center 
support contracts. 

The fiscal year 1988 funding level is required to maintain critical 
skills for the operation and maintenance of the Hubble Space Tele- 
scope and to prepare for launch activities currently scheduled for 
thefirst quarter of fiscal year 1989. 

ivlission operations, &La anaiysis, and guest investigator pro- 
grams will continue for the Solar Maximum Mission (SMM) and 
the International Ultraviolet Explorer (IUE). Funding will also con- 
tinue for the High Energy Astronomical Observatories (HEAO 1-3). 
and the Infrared Astronomy Satellite (IRAS) data analysis. These 
programs have produced valuable data sets which are used by a 
wide segment of the astronomy community. 
Research and analysis 

This program provides for the preliminary studies required to 
define missions and/or payload requirements. as well as Droviding. 
a research and technology base necessary to define, plan'and su; 
port iiight proiects. 

The supportkg research and technology (SR&T) funding will pro- 
vide for continuation of definition work on Gravity Probe-B. The 
development of new instruments, laboratory and theoretical studies 
of basic physical processes. and observations by ground-based and 
balloon-borne instruments will also be continued.-Results achieved 
in the SR&T program will have a direct bearing on future flight 
programs. For example, the development of advanced x-ray, ultra- 
violet, and infrared astronomy imaging devices under this program 
may enable spacecraft to carry instruments for astronomical obser- 
vations which have increased orders of magnitude in sensitivity 
and improved resolution over currently available detectors. 

The SR&T program carries out its objectives through universi- 
ties, nonprofit and industrial research institutions, NASA centers 
and other government agencies. Current emphasis is being placed 
on studies of advanced instrumentation with increased sensitivity 
and resolution. 

Candidate missions for the 1980s and early 1990s that require ad- 
vanced technology development activities include the Advanced X- 
Ray Astrophysics Facility (AXAF) and the Space Infrared Tele- 
scope Facility (SIRTF). The AXAF mission, which is the first priori- 
t y  new mission recommendation in astronomy by the National 
Academy of Sciences, will study stellar structure and evolution, 
active galaxies, clusters of galaxies and cosmology. 

During fiscal year 1988, the supporting research and technology 
program will support those tasks which contribute to maintaining 
a firm base for a viable physics and astronomy program. Fiscal 
year 1988 funding will also support continued studies on potential 
candidate missions such as the Advanced X-Ray Astrophysics Facil- 
ity and the Space Infrared Telescope Facility. In the data analysis 
activities to be carried out a t  university and government research 
centers in fiscal year 1988, emphasis will be placed on correlative 
studies involving data acquired from several sources (spacecraft, 
balloons, sounding rockets, research aircraft and ground observa- 

signed to verify the entire GP-B design, leading to confidence in 
$cries). The Grai.~ity Pr0be-E activities in fisc:! year 1988 de- 



the information necessary to decide the feasibility of progressing 
into the next phase of design and development activities. 
Su borbi t a 1 programs 

The suborbital program uses balloons, aircraft, and sounding 
rockets to conduct versatile, relatively lowcost research of the 
Earth’s ionosphere and magnetosphere, space plasma physics, stel- 
lar astronomy, solar astronomy, and high energy astrophysics. Ac- 
tivities are conducted on both a national and on an international 
cooperative basis. 

A major objective of the sounding rocket program is to support a 
coordinated research effort. Sounding rockets are uniquely suited 
for performing low altitude measurements (between balloon and 
spacecraft altitude) and for measuring vertical variations of many 
atmospheric parameters. 

Forty-four sounding rockets are currently scheduled for launch 
in fiscal year 1987. Included in this number are eight NASA 
launches in Greenland as a follow-up to the fiscal year 1985 effort. 
Of significant interest in fiscal year 1986 were two rocket launches 
to observe Halley’s Comet Which were recovered, field refurbished, 
and reflown for a total of four flights. These flights produced some 
of the data originally planned to be obtained from the Astrc-1 
Shuttle flight which was postponed as a result of the 51-L accident. 
An equivalent number of flights is scheduled for fiscal year 1988. 

Research with instrumented jet aircraft has been an integral 
part of the NASA physics and astronomy program since 1965. For 
astronomy research, the airborne science and applications program 
operates the “Kuiper Airborne Observatory.” This full-scale 
manned facility consists of a C-141 equipped with a Slcentimeter 
infrared telescope. The C-141 aircraft, able to fly for several hours 
a t  altitudes approaching 13 kilometers, provides a cloud-free site 
for astronomical observations. 

The Airborne Science and Applications program also operates an 
ER-2, two U-~CS, and a C-130. In addition, an aircraft has been 
acquired to replace the CV-990 research facility, “Galileo 11,” 
which was destroyed in 1985. The replacement, A DC-8, is undergo- 
ing modifications and is expected to be ready for science operations 
in late 1987. Acquisition of a second ER-2, to replace the aging U- 
2Cs is under way. These aircraft support other major segments of 
the Space Science and Applications programs dealing with the 
Earth, the oceans, and the atmosphere. 

The Balloon Program a cost-effective means to test flight instru- 
mentation in the space radiation environment and for making ob- 
servations at altitudes which are above most of the water vapor in 
the atmosphere. Balloon experimentation is particularly useful 
when studying infrared, gamma-ray, and cosmic-ray astronomy. In 
many instances i t  is necessary, because of size, weight, cost, or lack 
of other opportunities, to fly primary scientific experiments on bal- 
loons. 

The balloon program funding is required for purchase of bal- 
loons, helium, launch services, tracking and recovery, as well as for 
maintenance and operations of the National Scientific Balloon Fa- 
cility (NSBF) a t  Palestine, Texas. 

The Spartan missions involve low-cost Shuttle payloads flown as 
autonomous sub-satellites which are deployed and retrieved by the 
Space Shuttle. Six Spartan missions are currently under develop- 
ment, each with a different scientific instrument. 

Fiscal year 1988 funds will provide for continuation of the sound- 
ing rocket, Spartan, and balloon programs including management 
and operation of the NSBF. This funding is also required to contin- 
ue definition activities for balloon improvement and for potential 
long-duration balloon flights. In fiscal year 1988, the Airborne Sci- 
ence and Applications funding will be used to continue flights of 
the Kuiper Airborne Observatory. Requested fiscal year 1988 fund- 
ing will allow operation of the DC-8, the ER-2s, and the C-130. Op- 
eration of these aircraft will allow continuation af airborne infra- 
red astronomy exploration, collection and analysis of stratospheric 
air samples, testing of newly developed instrumentation, and the 
demonstration of new sensor concepts. 

Physics and Astronomy-Committee Comments 
The Committee authorizes $591.8 million for Physics and Astron- 

omy in fiscal year 1988. This increase of $24.7 million, compared to 
the President’s budget request, is to augment Explorer Develop- 
ment ( + $20 million) and the Suborbital Program (+$4.7 million). 

The events of the last year have not done much to improve the 
status of NASA’s Physics and Astronomy Programs. The Hubble 
Space Telescope (HST) and the Gamma Ray Observatory (GRO) are 
still grounded and based on the October 1986 Shuttle manifest, are 
not scheduled for launch until November 1988 and January 1990, 
respectively, and the Spartan program is being redesignated and 
rescoped. Meanwhile, the next great observatory scheduled to 
attain new start status, the Advanced X-Ray Astrophysics Facility 
(AXAF), was not included in the President’s fiscal year 1988 budget 
request nor was the High Resolution Solar Optical Telescope, 
which is the only new start space science program directly associat- 
ed with the space station program. 

As can be seen in the following table, the space shuttle Challeng- 
er tragedy has adversely affected the Physics and Astronomy pay- 
load launch schedule. 

PHYSICS AND ASTRONOMY PAYLOAD LAUNCH DELAYS 

Astro ! Mar 6 1986 Ian 19 1989 34 
Hubble Space Telescope October 1986 Nov I 7  1988 25 
tnvironmenlal observation mission Oct 27 1986 Unscheduled 
Astro 2 
Shuttle High Energy Astro Physics Laboratory 
Spartan 2 
Space Lile Sciences Laboratory 
Spartan 3 
Asl ro  3 
Rosat 
Spartan 205 

Jan 11 1 ~ 8 1  
do 

Jan 21 1987 
Mar 16 1987 
Aut Aug 4 I8 1987 1987 

Sept 28 1987 
Nov 9 1987 

82 4th quarter 1993 
2d quarter 1991 52 
Dec 7 1988 33 

57 

77 

Unscheduled Zd quarter 1992 

1st  quarter 1994 
Unscheduled 



Gamma Ray Wrewalwy lune 8.  1988 Ian 18. 1990 19 
Spartan-211 lune I4 1988 Unscheduled 
CosmK backgrwnd explorer July 15, 1988 do 

hurw Natmi krmmlrr and SpMe Kmdmmc,lralm. WCP iianrportatim Syrlem Space Shuttle Payload fiighl Irngnmmlr Nmmte 
ad (klder 1986 

!n light of these serious problems. the Committee has taken 
three steps that it hopes will correct some of these deficiencies in a 
cost effective manner. 

First, it  has augmented the Explorer Program by $20 million to 
promote additional low cost, high return space science missions. 
These funds should permit NASA to initiate evaluation of the 43 
pending proposals and to start development of additional space sci- 
ence missions. 

Second, the Committee has increased funding for the Suborbital 
program by $4.7 million to provide additional flight opportunities 
for space scientists and graduate researchers. The Committee is 
deeply committed to our university space science programs and is 
hopeful these augmentations will assist these programs during the 
space shuttle hiatiis. 

Finally, the Committee has initiated a new line item in the 
NASA Space Flight, Control and Data Communications appropria- 
tions account entitled “Expendable Launch Vehicle (ELV) Oper- 
ations.” This new entry is to initiate procurement of ELVs, pursu- 
ant to a NASA/DOD quid pro quo or launch services agreements 
with commercial vendors, to launch NASA payloads. The Commit- 
tee feels this initiative should greatly assist the Physics and Aston- 
omy Program which has several candidates for ELVs. 

Despite these actions, the Committee remains concerned about 
the overall health and well-being of the space science community. 
The number of prestigious institutions and advisory committees is- 
suing reports about the crisis in space science is troublesome to the 
Committee. The Committee, therefore, intends to hold hearings 
this Summer and Fall on the long-term policy goals and budgetary 
requirementgof NASA and the ability of NASA to balance its re- 
search and development mission with its operational programs. 

Meanwhile, the Committee expects to he kept well informed of 
any technical concerns, schedule changes, or additional cost re- 
quirements for the Hubble Space Telescope or Gamma Ray Observ- 
atory Programs and to be well advised by the Physics and Astor- 
nomy Program Office of developments in the space station program 
that impact this area of space science. 

The Committee also expects NASA to down-select to one contrac- 
tor for the Advanced X-Ray Astrophysics Facility in fiscal year 
1988 in order to better position the program for Phase CiD devel- 
opment activities and to take advantage UT ai iy  potentia: xoiio- 
mies. 

In recognition of the severe strain the current “standdown” 
period has inflicted on the mace science community, the Commit- 
tee has fully authorized NASA’s fiscal year 1988 Physics and As- 
tronomy research and analysis and mission operations and data 
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analysis budget requests The committee notes the importance of 
the university space research programs to our national space infra- 
structure and believes that these unirersitj space research pro- 
grams should continue to perform productive and meaningful re- 
search during this period 

2 LIFE SCIENCES-S71.600.000 

The Committee authorizes $74,600,000 for Life Sciences in fiscal 
year 1988 This is the same as the President’s budget request 

Summan < I /  frscal year I Y X X  fundrnc /or life x r p n r n  

$<32 900 000 
41 700 noo 

Life sciences flight experiments 
Research and analysis 

i4.600.000 
The goals of the Life Sciences program are to provide a sound 

scientific, medical, and technical basis for safe and effective 
manned space flight and to advance the understanding of the basic 
mechanisms of biological process bv using the unique capabilities of 
the space program. Results from the research program are applied 
to: the immediate needs in the maintenance and health of’ the as- 
tronauts; understanding biological mechanism and the response of 
biological systems to weightlessness; the design of the advanced life 
aupport systems for u5e on future missions; and understanding the 
biosphere of the planet Earth, as well as the origin, evolution, and 
distribution of life in the universe. 

The Life Sciences program is the key to developing a capability 
to sustain a permanent manned prcsence in space and to utilize 
the space environment to study living systems. These activities in- 
clude both ground-based and space research efforts which are mu- 
tually supportive and integrated, and use a composite of disciplines 
and techniques in both biology and medicine to address space-relat- 
ed medical problems and fundamental biological processes. 

The Life Sciences research and analysis program includes five 
major elements; (1) space medicine; (2) advanced life support sys- 
tems; (3) gravitational biology; (4) exobiology research; and (5) bio- 
spheric research. 

The goals of the Space Medicine program are to-assure space 
crew members’ health and ability to function effectively in the 
space environment. 

The Advanced Life Support System program seeks ways to devel- 
op technologies for more efficient life support systems for the space 
program. 

The goals of the Gravitational Biology program are to further 
our understanding of basic physiological mechanisms and the ef- 
fects of niicrogravity on plants and animals through the use of the 
space environment. 

The Exobiology efforts are concentrated on studies of life’s origin, 
with particular emphasis on developins sounds hypnthww whirh 
could lead to discovering the relationships which may link the for- 
mation of the solar system and the origin of life. 

The Biospherics Research Program seeks to utilize NASA tech- 
iiuhgy ~ I I  i e ~ i i u i e  sensing, combinea wiLn ground-based research 

Totai for iiib sciences. .. .... ....... .. ....... .. ............ ... , ..... 



and mathematical modeling, to study the biosphere (the thin layer 
around the planet that contains all of terrestrial life). 
Life Sciences Flight Experiments 

The objective of the life Sciences Flight Experiments program is 
to assimilate information and scientific questions from the various 
life sciences disciplines and translate them into payloads designed 
to expand the understanding of the basic physiological mechanisms 
involved in adaptation to weightlessness. The program includes se- 
lection, defintion, inflight execution, data analysis, and reporting 
on medical and biological investigations involving humans, animals 
and plants. Past experience indicates that humans clearly undergo 
physiological changes in weightlessness. Thus far these changes 
appear to be reversible upon return to Earth; however, many of the 
observed changes are physiologically significant and are not well 
understood. With weightless exposure beyond several months, these 
chagnes may prove irreversible. Shuttle/Spacelab missions are suit- 
able for gaining a greater understanding of the early response to 
weightlessness, which will improve the management of several ex- 
isting problems (e.g., space adaptation syndrome) and will enhance 
the confidence of estimating the physiological consequences of 
more sustained weightless exposure (e.g. Space Station). 

Fiscal year 1988 funding is required for the final preparation and 
flight of approved experiments and the continued definition and de- 
velopment of new experiments and hardware that will be flown on 
future Spacelab/Shuttle missions-i.e., Shuttle middecks, Japa- 
nese-J mission, the second dedicated life sciences mission (SLS-2), 
German D-2 mission, IML-2, and SLS-3. The selection of new ex- 
periments through the Announcement of Opportunity (AO) process 
is continuing. In addition, increasing activities are planned to s u p  
port the development of Space Station Life Sciences experiments. 
Research and analysis 

The research and analysis activity of the Life Sciences program 
is concerned with ground-base and pre-flight research in basic biol- 
ogy and in those medical problem areas that affect manned space- 
flight. 

In fiscal year 1988, the Space Medicine program will collect in- 
formation on occupational exposure in zero-gravity on each Shuttle 
flight and conduct inflight clinical testing of countermeasures, es- 
pecially in the areas of cardiovascular deconditioning, vestibular 
problems and muscle atrophy. The program will also develop 
health care procedures, equipment, and facilities compatible with 
the space environment. At the same time, problems associated with 
the initial adaptation to weightlessness, such as vestibular dysfunc- 
tion and fluid shifts, will continue to be vigorously investigated. 
Furthermore, increased emphasis will be placed on radiation biol- 
ogy SO that i t  will be possible to precisely measure dosages and ef- 
fects of cosmic and solar radiation. This information will be re- 
quired to determine the proper radiation shielding of humans in 
space. The performance and efficiency of flight crews will be em- 
phasized by research in psychology and human factors. 

Life Sciences-Committee Comments 
The Committee authorizes $74.6 million, the President’s budget 

request, for Life Sciences for fiscal year 1988. 
The Committee continues to maintain its belief that the level of 

support for the NASA Life Sciences Programs is not commensurate 
with our Nation’s desire to establish a permanent presence in 
space and to pursue long duration missions to other planetary 
bodies. 

As the space station program progresses and leadership initia- 
tives are evaluated, it is essential that the Life Sciences program 
assume a higher priority. The Committee, therefore, expects to see 
increased support of these activities in future budget submissions. 

The Committee authorizes $307,300,000 for planetary Exploration 
in fiscal year 1988. This is the same as the President’s budget re- 
quest. 

Summary of fiscal year 1988 fundrng far planetary exploration 
Galileo development ..................................................................................... $55,300,000 

Mars observer ................................................................................................ 29,300,000 
Mission operations and data analysis ...................................................... 77,000,000 
Research and analysis .................................................................................. 75,300,000 

Total planetary exploration ............................................................ 307,300,000 

The Planetary Exploration program encompasses the scientific 
exploration of the solar system including the planets and their sat- 
ellites, comets and asteriods, and the interplanetary medium. The 
program objectives are: (1) to determine the nature of planets, 
comets, and asteroids as a means of understanding the origin and 
evolution of the solar system; (2) to understand the Earth better 
through comparative studies with the other planets; (3) to under- 
stand how the appearance of life in the solar system is related to 
the chemical history of the solar system; and (4) to provide a scien- 
tific basis for the future use of resources available in near-Earth 
space. Projects undertaken in the past have been highly successful. 
The strategy that has been adopted calls for a balanced emphasis 
of the Earth-like inner planets, the giant gaseous outer planets, 
and the small bodies (comets and asteroids). Missions to these 
bodies start a t  the level of reconnaissance to achieve a fundamen- 
tal charcterization of the bodies and then proceed to levels of more 
detailed study. 

Both the Galileo orbiter/probe mission to Jupiter and the Ulys- 
ses mission to the Sun had been ready for launch in May 1986 on 
the Space ShuttleICentaur Upper Stage. The Challenger accident 
in January 1986 forced a postponement of these launches, and sub- 
sequent cancellation of the Centaur launch stage resulted in fur- 
ther re-evaluations of these missions. The Magellan mission was 
also adjusted to accommodate a one-year launch delay caused by 
the Challenger accident and cancellation of the original Centaur 
upper stage. 

3. PLANETARY EXPLORATION-$307,300,000 

Magellan ......................................................................................................... 59,600,000 
Ulysses ............................................................................................................ 10,800,000 
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According to a plan recently agreed to by NASA and ESA, Gaii- 
leo will be launched in October 1989, and Ulysses will be launched 
in October 1990. Despite the fact Ulysses will be launched one year 
after Galileo, it will arrive at  its destined location in 1984, one year 
before Galileo enters the Jovian system. 

Magellan, formerly the Venus Radar Mapper mission, will pro- 
vide global maps of the cloud-shrouded surface of Venus, including 
its !and forms and gco!ogicz! fezturns. Mzge!!an novr is schedu!ed 
for launch in April 1989 from the Shuttle with an IUS. 

Mars Observer will follow up on earlier discoveries of Mariner 9, 
and Viking and will be launched on the Shuttle in 1992. 

Beginning in iater i985, we entered an exciting new phase of ex- 
ploration by making our first close-up studies of the solar system's 
mysterious small bodies-comets and asteroids. These objects may 
represent unaltered original solar system material, preserved from 
the geological and chemical changes that have taken place in even 
small planetary bodies. By sampling and studying comets and as- 
teroids, we can begin to make vigorous inquiries into the origin of 
the solar system itself. 

The P!anctary Exploration program is also founded on a coordi- 
nated research and analysis effort. Research and analysis activities 
will continue to maximize the scientific return from both ongoing 
and future missions and from such Earth-based activities as lunar 
sample and meteorite analysis, telescope observations, theoretical 
and iaboratory studies, and instrument definition. This program 
strives for interdisciplinary coordination among various research 
groups and for the wide dissemination of scientific results. A close 
coupling is also maintained between the research programs and 
planning activities that are undertaken to define the scientific ra- 
tionale and technology needed for future missions. 
Galileo development 

The objective of the Galileo program is to conduct a comprehen- 
sive exploration of Jupiter, its atmosphere, magnetosphere, and 
satellites through the use of both remote sensing by an orbiter and 
in situ measurements by an atmospheric probe. The scientific ob- 
jectives of the mission are based on recommendations by the Na- 
tional Academy of Sciences to provide continuity, balance, and or- 
derly progression of the exploration of the solar system. 

Current plans call for the orbiter and probe to be launched to- 
gether in the time frame as a single combined payload using a 
Shuttle/Inertial Upper Stage (IUS) combination on an initial tra- 
jectory toward Venus, followed by two Earth swingbys. The three 
gravitational assists will provide the energy required for a trajecto- 
ry to Jupiter. When the orbiter arrives a t  Jupiter in 1995, it  will 
provide remote sensing of the proble entry site and provide the 
link for relaying the probe data back to Earth. Twenty-two months 
of orbital operations will follow during which both Jupiter's surface 
and the dynamic magnetosphere will be comprehensively mapped. 
During ,this time, ten close flybys of Jupiter's major satellites are 
Largeiea. 

The Galileo flight system will be powered by two general purpose 
heat-source Radioisotope Thermoelectric Generators (RTG) devel- 
oped by the Department of Energy. The orbiter will carry approxi- 

-- ? n A  1.- - L ' - - : - - & : C ? -  :..-A u,ate:j- IWV AS vi DLICLILIIIL I I I ~ L I  U I I I ~ I I ~ S ,  and tiit: pIubt: will carry 
approximately 25 kg of scientific instruments. 

Fiscal year 1988 funds will provide for completion of the reas- 
sembly, integration and initial testing of the reintegrated space- 
craft system. Modification of the flight software and mission oper- 
ations system will be continued. 
Magellan 

The objective of the Magellan mission is to address fundamental 
questions regarding the origin and evolution of Venus through 
global radar imagery of the planet. Magellan will also obtain altim- 

field as well as internal stresses and density variations. The de- 
tailed surface morphology of Venus will be analyzed to compare 
the evolutionary history of Venus with that of the Earth. 

The Magellan spacecraft will carry a single major scientific in- 
strument, a synthetic aperture radar, which will be used to obtain 
high resolution (120 to 200 meter) images of the planetary surface 
as well as altimetric data. Gravity data will be obtained by process- 
ing radio signals from the spacecraft. Spacecraft development is 
making extensive use of existing designs, technology, and residual 
hardware; for example. the spacecraft will use an existing space- 
craft structure, large antenna, and propulsion components from the 
Voyager program. 

In April 1989, the Magellan spacecraft will be launched by the 
ShuttleIInertial Upper Stage (IUS) on a direct trajectory to Venus. 
Arriving a t  Venus in July 1990, the spacecraft will perform a retro- 
propulsive maneuver and enter a near-polar elliptical orbit. After 
an initial check-out period, the spacecraft will map a major portion 
of the planet over a 243-day period (one Venus year) with a ground 
resolution of about 150 meters. 

In fiscal year 1988, the flight model of the radar instrument will 
be delivered for integration with the spacecraft and environmental 
testing will be initiated for the entire system. Integration of the 
mission operations system will be completed to be followed by initi- 
ation of operations testing and training preparatory for launch. 
Ulysses 

Ulysses is a joint mission of NASA and the European Space 
Agency (ESA). ESA is providing the spacecraft and some scientific 
instrumentation. The US.  is providing the remaining scientific in- 
strumentation, the launch, tracking support, and the Radioisotope 
Thermoelectric Generator (RTG). The mission is designed to obtain 
the first view of the Sun above and below the plane in which the 
planets orbit the Sun. The mission will study the relationship be- 
tween the Sun and its magnetic field and particle emissions (solar 
wind and cosmic rays) as a function of solar latitude, to provide a 
better understanding of solar activity on the Earth's weather and 
climate. 

Because of the ChUllengeri. accident and subsequent cancellation 

planned for October 1990. 
Fiscal year 1988 funding will provide for completion of the docu- 

mentation of the new spacecraft/launch vehicle interface, launch 

pry gra.".i*j. data to deteimir;e the grsyibJ. 
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approval activities involving the RTG, and support for retesting the 
spacecraft and the science instruments. 
Mars Observer missions 

The Mars Observer mission is the first in a series of planetary 
missions utilizing a new low-cost approach to inner solar system 
mission exploration. This approach, which was recommended by 
NASA’s Solar System Exploration Committee, starts with a well- 
defined and focused science objective and makes use of high-inher- 
itance, modified production-line Earth-orbital spacecraft. The objec- 
tive of the Mars Observer mission is to extend and complement the 
data acquired by the Mariner and Viking missions by mapping the 
global surface composition, atmospheric structure and circulation, 
topography, figure, gravity and magnetic fields of Mars to deter- 
mine the location of volatile reservoirs and characterize their inter- 
action with the Martian environment. 

The limitation on the number of launch opportunities through 
1990 and the further restrictions placed on scheduling by the 
timing requirements for planetary launches have necessitated de- 
laying the planned launch of Mars Observer from 1990 until the 
following planetary opportunity 25 months later. The current plan 
is to launch the mission in 1992 using the Space Shuttle with a 
Transfer Orbit Stage (TOS). The spacecraft will be inserted into a 
near-polar Martian orbit in 1993, from which it will carry out geo- 
chemical, geophysical, and climatological mapping of the planet 
over a period of a full Martian year, which is about two Earth- 
years. 

The fiscal year 1988 funding required to initiate instrument 
hardware fabrication and assembly and to maintain a minimum 
level of support in spacecraft and ground operations subsystem de- 
velopments. 
Mission operations and data analysis 

The objectives of the mission operations and data analysis activi- 
ties are in-flight operation of planetary spacecraft and the analysis 
of data from these missions. Currently, two major classes of plane- 
tary spacecraft are operating-the Pioneer and the Voyager space- 
craft. The planetary flight support activities are those associated 
with the design and development of planetary flight operation sys- 
tems, and other activities that support the mission control, track- 
ing, telemetery, and command functions for all planetary space- 
craft. 

The two Voyager spacecraft are now traveling through the outer 
solar system on trajectories that will take them into interstellar 
space. Voyager 1 continued to provide data on the interplanetary 
medium in that distant part of the solar system. In January 1986, 
Voyager 2 made a close flyby of the planet Uranus, the first time 
this planet has ever been visited by a spacecraft. The observatory 
phase of this encounter, which began in November 1985, included 
detailed observations of the planet, its rings, and moons. Upon 
completion of the Uranus encounter, the spacecraft began its path 
to the planet Neptune, where, in 1989, it will provide us with our 
first close look at  this distant planet. 

Pioneers 10 and 11 will continue to explore the outmost solar 
system. Pioneer 10 will soon enter the unexplored region beyond 
Pluto where the Sun’s influence is secondary to those of true inter- 
stellar space. These spacecraft will continue the search for gravita- 
tional evidence of a tenth planet. Pioneers 6-9 are still collecting 
information on the interplanetary magnetic field and solar wind as 
they orbit the Sun. 

The planetary flight support activities include the procurement, 
operation and maintenance of mission operations and general pur- 
pose scientific and engineering computing capabilities at the Jet 
Propulsion Laboratory (JPL). In addition, the activity supports the 
development of the Space Flight Operations Center (SFOC) at  JPL. 
This facility will be a versatile, cost-effective means for carrying 
out multimission data acquisition, telemetry, image processing, and 
for commanding of planetary and orbital spacecraft. 

Fiscal year funding is required for the continued operation and 
data analysis activities in support of the Voyager and Pioneer mis- 
sions. Development activities will also be continued in fiscal year 
1988 on the Space Flight Operations Center (SFOC) at  the Jet  Pro- 
pulsion Laboratory. 
Research and analysis 

The research and analysis program consists of four elements re- 
quired to: (1) assure that data and samples returned from flight 
missions are fully exploited; (2) undertake complementary laborato- 
ry and theoretical efforts; (3) define science rational and develop re- 
quired technology to undertake future planetary missions; and (4) 
coordinate an International Halley’s Comet Watch and provide co- 
investigator support to the European Space Agency’s Giotto mis- 
sion to Halley’s Comet. 

The supporting research and technology activity includes plane- 
tary astronomy, planetary atmospheres, planetary geology/geo- 
physics, planetary materials/geochemistry, and instrument defini- 
tion. 

The objective of the advanced program activity is to provide 
planning and preparation for the systematic exploration of the 
solar system on a scientifically and technically sound basis. Pro- 
spective planetary missions are identified and defined through 
long-range studies; the technological and fscal feasibility is evalu- 
ated, and the scientific merit is determined through interaction 
with the scientific community. The strategy for future solar system 
explorations has been developed by the Solar System Exploration 
Committee (SSEC), and advisory group, which has recommended a 
comprehensive program of missions to the inner and outer solar 
system. 

The Mars Data Analysis activity continues to ensure that we 
capitalize on the wealth of data provided by Viking and earlier 
missions and that we are scientifically prepared for the next phase 
of Mars exploration. While continuing to support a variety of scien- 
tific investigations, the major emphasis of this program will ad- 
dress the origin and evolution of Martian volatiles. 

The International Halley’s Comet &Investigations and Watch 
program is part of an international program of cooperative astro- 
nomical observations of Halley’s Comet. During 1986, support waa 



provided to nearly three dozen U.S. co-investigators on iiie Eui-ope- 
an Space Agency’s (ESA) Giotto mission and to conducting comple- 
mentary remote sensing investigations carried out with ground 
based telescopes, aircraft, rockets, and distant spacecraft. Concur- 
rently, an observation program called the International Halley 
Watch, coordinated by the United States, conducted world-wide sci- 
entific -_I observations of the Comet Halley. The objectives of the 
watch are: ( i j  io coordiiiate scieiitific obsercztions of Cemet Ea!!ey 
through its 1985-86 apparition; (2) to promote the use of standard- 
ized instrumentation and observing techniques; (3) to help insure 
that data are properly documented and archived; and (4) to  receive 
and distribute data to participating scientists. 

The fiscal year 1988 Halley’s Comet Co-Investigations and Watch 
funding is required to continue support of U.S. co-investigators in- 
volved in the European Space Agency’s Giotto mission who will be 
analyzing and archiving the- data acquired during the encounter 
with Halley’s Comet. International Halley Watch funding will sup- 
port the archiving and distribution of ground-based observations. 

The fiscal year 1988 funding is also required to continue oper- 
ations of both the Infrared Telescope Facility and the Lunar Cura- 
torial Facility. 

Planetary Exploration-Committee Comments ’ 

The Committee authorizes $307.3 miiiion for Planetary Explora- 
tion for fiscal year 1988, the President’s budget request, but the 
Committee is concerned that there will be additional requirements 
in fiscal year 1988 as a result of the significant launch delays in 
the Planetary Exploration Program. The Committee feels that the 
currently manifested planetary missions are of the highest priority 
and should be treated accordingly in order to minimize the degree 
of post-Challenger stress in the science community. 

As noted in ‘The Crisis in Space and Earth Science”, 
Even before the Challenger accident, and the resulting 

hiatus in the space program, it was becoming clear that 
the nature of the Space and Earth Science Program was 
changing and that major stresses were developiong as a 
result of those changes. Within the scientific community 
there was growing sense of unease and -frustration over 
the program’s diminishing pace. As the result of a number 
of trends, it appeared that a major transition as taking 
place in the nature of the Space and Earth Science Pro- 
gram, but it seemed that -this- transition was occurring 
more by accident than as a matter of conscious policy. De- 
cisions were being made that had long-term consequences 
on ways the program would be conducted, but the conse- 
quences of those decisions were largely unexamined. More 
and more missions were being identified as candidates for 
“New Starts” a t  a time when prospects for New Starts 
were  U ~ C U I I I I I I ~  U I ~ L C L  L ~ U .  . . . I~ ~ . . -. 1 - - -...Ae:- 

In the post-Challenger environment, the situation has worsened. 
As highlighted by the following table included in the recent Con- 
gressiona! h d g e t  Office report en?i?!ed, “The 1988 Budget and the 
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on the space shuttle have been significantly delayed, and these 
delays also have significantly added to the projected costs of these 
missions 

PLANETARY MISSION LAUNCH DELAYS 
_ _ - ~ -  ~- 
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Ulysses May I 5  1986 oct 5 1990 13 
Galilw Mav 20 1986 Nov 1 1989 41 
Magellan (Venur radai mappi I Api 6 1988 Api 25  1989 13 
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Besides further squeezing out any potential “new starts,” these 
delays have adversely affected the scientific teams and the scientif- 
ic community Worse yet, 33 space science missions on the pre- 
Challenger space shuttle manifest have been completely off-loaded 
with no designation of an alternative launch vehicle 

It is in this predicament that the Committee discovers NASA’s 
space science programs, and it is this predicament that the Com- 
mittee must attempt to ameliorate Therefore, the Committee has 
exempted the entire space science and space applications portion of 
the budget from any iedlictions and in some cases has been able to 
add funds 

Despite these setbacks, the Committee’s commitment to a robust 
space science program, including planetary exploration, is as 
strong as ever. as is its resolve to provide expendable launch vehi- 
cles to help fly these critical space science missions 

The Committee is pleased that after months of negotiations, the 
U S and the European Space Agency (ESA) have finally agreed on 
the launch of Galileo Mission in October 1989, and the launch of 
Ulysses Mission in October 1990 These two planetary missions, 
origmally scheduled to be launched in May 1986, are critical ele- 
ments of the restoration of the U S planetary program 

The Committee also is hopeful the Magellan Mission, formerly 
the Venus Radar Mapper Program, will remain on schedule and be 
launched on the space shuttle in April 1989 (Magellan will be the 
first U S  planetary mission since the Voyager was launched in 
1978) The Committee is concerned that there will be additional 
fiscal year 1988 budget requirements for the Magellan Mission The 
Committee expects to be notified immediately if such requirements 
surface so that they can be addressed expeditiously and effectively 

As for the Mars Observer Mission, the Committee has thoroughly 
reviewed the 1990 and 1992 launch options and has decided to 
budget for a 1992 launch date While there are many factors in 
favor of a 1990 date, the Committee is reluctant to try and force a 
1990 launch and feels that a 1992 mission presents fewer risks and 
fewer schedule pressures 

1.. Lccv6,,Lb,yL, ....,.-,.-. &.-.. ~f thc s c : ~ ~ c  sirz:n tho  c-rrezt  “ctzndrlcll~in” 
period has inflicted on the space science community, the Commit 
tee has fully authorized NASA’s fiscal year 1988 Planetary Explo- 
ration research and analysis and mission operations and data anal- 
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ysis budget requests. The Committee notes the importance of the 
university space research programs to our national space infra- 
structure and believes that these university space research pro- 
grams should continue to perform productive and meaningful re- 
search during this period. 

D. SPACE APPLICATIONS-$651,4OO,OOO 
The Committee authorizes $651,400,000 for Space Applications- 

Solid Earth Observations, Environmental Observations, Materials 
Processing in Space, Communications and Information Systems-in 
fiscal year 1988. This is $92.1 million greater than the President’s 
budget request. This increase is required to accommodate the 
launch of the Advanced Communications Technology Satellite in 
1990. 

Of this amount, $80.8 million is for Solid Earth Observations, 
$393.8 million is for Environmental Observations, $50 million is for 
Materials Processing, $104.5 million is for Communications, and 
$22.3 million is for Information Systems. 

1. SOLID EARTH OBSERVATIONS-$80,800,000 

The Committee authorizes $80,800,000 for Solid Earth Observa- 
tions in fiscal year 1988. This represents a $4.0 million augmenta- 
tion to the President’s budget request, to establish a national capa- 
bility for receiving directly from foreign remote sensing satellites 
data collected over the United States. 

Summary of fiscal year 1988 funding levels 
Shuttle/Spacelab payloads ......................................................................... $21,100,000 
Geodynamics .................... ................................................................... 33,100,000 
Research and analysis .................................................................................. 26,600,000 

Total solid Earth observations ........................................................ $80,800,000 

The objectives of the Solid Earth Observation Program are to un- 
derstand the processes controlling the state of the land surface and 
the interior of the Earth as well as the interaction of the solid 
Earth with the atmosphere and the oceans. The Solid Earth Obser- 
vations Program is an integral part of the overall NASA Earth Sci- 
ence and Applications effort to  increase understanding of the 
planet Earth through the study of its dynamics, the physical proc- 
esses which affect habitability, and solar-terrestrial environment. 

Specific land surface objectives include determination of the ter- 
restrial landscape including the biosphere and the hydrosphere and 
understanding the changes and change mechanisms that are occur- 
ring within that landscape. Studies of the cycling of key biogeoche- 
mical elements, interactions between the biosphere and the climat- 
ic system, and the composition and evolution of crustal rock sys- 
tems are essential to these objectives. 

The geodynamics research objectives include determination of 
the movements and deformation of the Earth’s crust, the processes 
which drive tectonic plates, the rotational dynamics of the Earth 
and its interactions with the atmosphere and oceans, the Earth’s 
gravity and magnetic fields, and the interior structure and compo- 
sition of the Earth. These objectives required precise measurements 
of crustsal movements and Earth orientation over an extended 

period along with accurate knowledge of the variability of the 
Earth’s geopotential fields. 

The objective of the Shuttle/Spacelab payload development 
project is to develop, test and evaluate Earth-viewing remote sens- 
ing instruments and systems to obtain data for solid Earth Obser- 
vations research. 

Fiscal year 1988 funding for Shuttle/Spacelab payload develop- 
ment is required for continued development of SIR-C technology 
and for advanced spectrometer activities including the development 
of the Shuttle Imaging Spectrometer Experiment. 

In fiscal year 1988, measurements of plate motion between North 
America and Europe will be continued in cooperation with NOAA 
and several European countries. Measurements of the motions of 
the Pacific Plate will also be continued in cooperation with DOD 
and Japan and will be extended to include China. In addition, re- 
gional crustal deformation measurements in western North Amer- 
ica will continue in cooperation with NOAA, Canada and Mexico. 
Similar measurements will be initiated in Europe in cooperation 
with a consortium of 10 European, North African, and Mid-East 
countries. The Caribbean studies will be continued in fiscal year 
1987 and are expected to involve some eight countries in 1988. 

Finally, in fiscal year 1988 emphasis will continue on investiga- 
tions of the Earth’s systems which are undergoing stress in order 
to better understand the processes which control such systems. 

Activities will also emphasize studies to determine continental 
rock type and erosion processes in semi-arid regions in sedimentary 
basins. Sensor systems such as the Advanced Visible-Infrared Imag- 
ing Spectrometer, quad-polarization L- & C-Band imaging radar 
and the Thermal Visible-Infrared Imaging Spectrometer will be 
used in these investigations and will serve as prototypes for Shuttle 
instruments now under development and for future Space Station 
polar platform instruments. The Thematic Mapper or the oper- 
ational Landsat will continue to serve as the focal instrument for 
multidisciplinary investigations, with particular emphasis on the 
tectonic structure of continental highlands. 

Solid Earth Observations-Committee Comments 
The Committee authorizes $80.8 million for Solid Earth Observa- 

tions for fiscal year 1988. This is $4 million more than the Presi- 
dent’s budget request. 

The Committee believes that there is compelling scientific need 
to increase U.S. access to and utilization of multiple sources of sat- 
ellite remotely sensed data. For this reason, the Committee has 
augmented NASA’s authorization level for its Solid Earth Observa- 
tions, Research and Analysis program by $4 million. This reflects 
the Committee’s desire to ensure that the United States develops a 
capability for the reception of data from current and future operat- 
ing remote sensing satellites from multiple sources, the reduction 
of these data for research and development purposes, and the ar- 
chiving of these data. NASA, in cooperation with the U S .  Geologi- 
cal Survey, the National Oceanographic and Atmospheric Adminis- 
tration and other appropriate federal agencies, should endeavor to 



establish capabilities for receiving directly from foreign remote 
sensing satellites data collected over the United States. 

During the past 1-5 years, the United States has developed and 
implemented unparalleled capabilities in civil satellite land remote 
sensing through experimental and operational programs that have 

:e :hc rcc=g:,ition of the T_Tnik! Ststes 2s the wnrld’s technnlng- 
ical leader in space remote sensing. As the science and technology 
of satellite remote sensing have evolved, and as important interdis- 
ciplinary scientific applications of the data have been developed 
and Implemented, a growing recognirion has begun i u  e v u i v e  illat 
this country’s capabilities in satellite land remote sensing repre- 
sent an important national asset. 

In the decades ahead, civil satellite land remote sensing will take 
on even greater importance as a unique source of basic, world-wide 
information critical to the ultimate success of many of the current- 
ly emerging programs on global change. This increased importance 
of satellite remotely sensed land data and related technology comes 
at a time w-hen uncertainties surround the future of the United 
States’ Landsat program and place in jeopardy this country’s abiii- 
ty to independently meet our own scientific requirements for global 
satellite remotely sensed data. 

However, opportunities exist to minimize the effects of a possible 
gap in U S .  capabilities through important and beneficial programs 
of international cooperation with countries such as France, Japan, 
India, Indonesia, Canada, Brazil, the European Space Agency and 
others that have launched or soon will launch earth remote sens- 
ing satellites. They will acquire global data sets capable of meeting 
many of our future requirements for scientific information needed 
to conduct studies and programs of global change and global moni- 
toring. 

NASA, working in cooperation with other appropriate federal 
agencies, is directed to study and initiate implementation of a 
global land processes information system to include capabilities 
and facilities to receive (or otherwise obtain), process, and make 
available data from foreign land remote sensing satellite systems 
and other appropriate data required for land processes and earth 
science research and global monitoring programs by federal agen- 
cies with responsibility in those areas. 

Further, NASA should implement complementary cooperative 
programs of remote sensing research and development aimed at  
fully extracting and exploiting the information contained in the 
data acquired by these various satellite systems, particularly for 
the purpose of advancing capabilities important to emerging and 
growing requirements to study and monitor global change. 

2. ENVIRONMENTAL OBSERVAT10NS-%393,800,000 

The Committee authorizes $393,XnO,OOO for Environmental Obser- 
vations in fiscal vear 1988. This is the same as the President’s 
budget request. 

Surnrnar? o f f i s c a l  Year IS88 fundtny for en~ , t ronrnenta l  ohseri,uttons 

Urpper 2:-ospherc. reseiyh 194 :\nalvci. 
Atmospheric dynamics and radiation’research and analysis 
0cc:tnic processes research and analyPis 

6:~4.400.000 
:32,900,000 
‘1..~00.00~l 

Space physicdresearch and analysis .................................................. 
Payload and instrument development .................................... 
Extended mission operations ............................................................ 
Interdisciplinary research and analysis ............................................... 
Tethered satellite payloads ....................................................................... 
Scatterorneter ............................................................................................ 
Iipper atmobphere research satellite mission ......................................... 
Ocean topography experiment ................................................................... 
Global geospace science .......................................... 

21,500,000 19,400,000 

e6,m.ooo 
1 , I  00.(H)O 
3,100,000 

22.700.OOO 
95,400,000 
90,000.ouo 
25,000,000 

Total Environmental Observations ................................................ SY3.800,OOO 

The objectives of the Environmental Observations program are 
to improve our understanding of the processes in the magnetos- 
phere, atmosphere, and the oceans: to provide space observations of 
parameters involved in these processes; and to extend the national 
capabilities to predict environmental phenomena, both short- and 
long-term, and their interaction with human activities. Because 
many of these phenomena are global or regional, they can be most 
effectively and sometimes only observed from space. NASA’s pro- 
grams include scientific research efforts plus the development of 
new technology for global and synoptic measurements. NASA’s re- 
search satellites provide a unique view of the radiative, chemical, 
plasma acceleration, and dynamic processes occurring in the mag- 
netosphere, atmosphere, and oceans. 

To achieve these goals, a number of significant objectives have 
been established for the next decade. These include advancing the 
understanding of the upper atmosphere through the determination 
of the spatial and temporal distribution of ozone and select nitro- 
gen, hydrogen, and chlorine species in the upper atmosphere and 
their sources in the lower atmosphere; optimizing the use of space- 
derived measurements in understanding large-scale weather pat- 
terns; advancing our knowledge of severe storms and forecasting 
capabilities, ocean productivity, circulation, and air-sea interac- 
tions; improving the knowledge of seasonal climate variability lead- 
ing to a long-term strategy for climate observation and prediction; 
and enabling a comprehensive understanding of solar terrestrial 
processes and a detailed determination of the physics and coupling 
between the solar wind, magnetosphere, ionosphere, and atmos- 
phere. 

Effective utilization of remote sensing requires a balanced set of 
activities including: analytical modeling and simulation; laboratory 
research of fundamental processes; development of instrumenta- 
tion, flight of the instruments on the Space Shuttle, dedicated 
spacecraft and flights of opportunity; collection of in situ ancillary 
or validation data; and scientific analysis of data. The approach is 
to develop a technological capability with a strong scientific base 
and then to collect appropriate data, through remote and in situ 
means, which will address specific program objectives. 

mental Observations activities compose an integral part of NASA’s 
total Earth sciences and applications efforts, with emphasis on un- 
derstanding the Earth as a planet. studying its dynamics, process- 
es, habitability, and solar-terrestrial environment. 

A h a  with the &lid Eaith O b s ~ ~ ~ a t i o i i s  prograiri, the Eiikioii- 



Upper atmosphere research and analysis 
The upper atmosphere research program is a comprehensive re- 

search and technology effort designed to investigate and monitor 
the phenomena of the upper atmosphere and related phenomena in 
the lower atmosphere. It is aimed at  improving our basic scientific 
understanding of the global atmosphere and the methods needed to 
assess its susceptibility to significant chemical and physical change. 
The program’s three major thrusts are in the areas of upper atmos- 
pheric research, stratospheric processes research, and tropospheric 
chemistry research. 

A variety of in situ and remote sensing techniques are needed to 
meet the objectives of determining and understanding the distribu- 
tion of ozone and other trace species in the atmosphere. Data sets 
from a limited number of satellites are now generally available to 
the scientific community, including a record of the global distribu- 
tion of ozone extending back over a decade, and simultaneous ob- 
servations of a number of trace constituents. This data is being ex- 
ploited to determine if trends in the ozone amount have been de- 
tected and to understand those processes which are directly in- 
volved with these trends. 

Recent developments in our understanding of the ozone layer 
have revealed a possible non-linear dependence of ozone depletion 
on the amount of fluorocarbon released to the atmosphere. These 
findings place increased urgency on the need to verify the com- 
pleteness and accuracy of the theoretical stratospheric model. In 
fiscal year 1988, tests of the models will be continued by means of 
field measurements, model calculations, and interpretation of satel- 
lite data. The development of more realistic two- and three-dimen- 
sional models will be continued. The global data sets from past and 
present satellites will be further analyzed in fiscal year 1988 to aid 
in the understanding of large-scale atmospheric processes. 

The comparison of ballon, aircraft, and ground-based measure- 
ments will be continued in fiscal year 1988 to ensure the validity of 
the different techniques that have been developed and to observe 
chemical species in the stratosphere and troposphere to determine 
the exchange of gases between the lower and upper atmosphere. 
These balloon and aircraft measurement programs are the only 
way to measure many of the localized phenomena of the atmos- 
phere, they also help to validate satellite observations. Studies of 
potential new instruments for use on future satellites and suborbit- 
al measurement platforms will also be conducted in fiscal year 
1988 to ensure that new technologies are put to use in improving 
the capability and cost efficiency of tropospheric composition and 
upper atmosphere measurements. 

The recent observations of a depletion in the amount of ozone 
over Antarctica in the austral spring have attracted a great deal of 
attention. In order to understand the chemical and dynamical proc- 
esses that are causing this phenomenon, the Upper Atmospheric 
Research Program is planning a major aircraft mission in late 
fiscal year 1987-early fiscal year 1988 using the NASA ER-s and 
DC-8. Analysis and interpretation of the results of this mission will 
be a critical effort in fiscal year 1988. 

19 8 
Atmospheric dynamics and radiation research and analysis 

The research and analysis activities within the Atmospheric Dy- 
namics and Radiation program comprise a core effort which is fun- 
damental to using space technology to solve problems in atmos- 
pheric science. The program’s three main thrusts are in the areas 
of global scale tropospheric processes research, mesocale processes 
research and climate research. 

The objectives of the global scale research program are to im- 
prove our understanding of large-scale atmospheric behavior and to 
develop improved capabilities to observe the atmosphere from 
space. The program involves the development of advanced remote 
sensing instrumentation to observe the atmosphere, the develop 
ment of advanced analysis techniques to better utilize existing me- 
teorological satellite data, and development of advanced numerical 
models which use satellite observations to describe the state of the 
atmosphere both diagnostically and predictively. 

The objectives of the mesoscale processes research program are 
to improve our understanding of the behavior of the atmosphere on 
short (minutes to hours) time scales and over local to regional size 
scales (severe weather, such as tornadoes and hurricanes). 

The Climate Research Program seeks to develop a space capabil- 
ity for global observations of climate parameters which will con- 
tribute to our understanding of the processes that influence cli- 
mate and its predictability. Research is focused in accordance with 
the National Climate Program priorities wherein NASA has the 
role of lead agency for solar and Earth radiation research. 

A significant research effort on developing the capability to o b  
serve rainfall from space has been initiated. This includes studies 
of instrumentation, sampling requirements, algorithm development 
and modeling to determine the feasibility of remotely sensing rain- 
fall from space. 

Fiscal year 1988 funding is required to provide instruments and 
support for aircraft flights to study the detail of flows around thun- 
derstorms and fronts, continue development and comparison of nu- 
merical models, study atmospheric scale interactions, and develop 
techniques to display model outputs in 3dimensions. Analysis of 
the data collected in interagency field experiments during fiscal 
years 1986 and 1987 will be performed. In addition, experimental, 
theoretical, and computational work will be done to better define 
the capabilities and requirements for the remote measurement of 
rainfall. 
Oceanic Processes Research and Analysis 

The Oceanic Processes Research and Analysis (R&A) program 
emphasizes the development and applications of spaceborne observ- 
ing techniques to advance our understanding of the fundamental 
behavior of the oceans, as well as to assist users with the imple- 
mentation of operational systems. As such, the program operates in 
concert with a variety of federal agencies (e.g., Navy, NOAA, NSF) 
and foreign countries (e.g., Canada, Europe, Japan). 

The Oceanic Processes R&A program is actively pursuing scien- 
tific research with other federal agencies and foreign countries for 
the World Climate Research Program (WCRP). Component WCRP 



efforts include the Tropical Ocean/Global Atmosphere (TOGA) and 
World Ocean Circulation Experiments (WOCE), a Global Flux Ex- 
periment (GFEJ, and a Program for International Polar Oceans Re- 
search (PIPOR). 

In fiscal year 1988, the physical oceanography research activities 
will include implementation planning for WOCE and TOGA, as 
well as the development of numericai modeis and associated data 
assimilation techniques for use in determining the general circula- 
tion of the oceans. In biological oceanography, the analysis of data 
fro.?; NimS-s-7 ~i!! he c&inuerl in order to estimate global ocean 
productivity, as well as to help with the conceptual design of the 
Global Flux Experiment. In polar oceanography, emphasis will be 
placed on the experimental design for the Program for Internation- 
al Polar Oceans Research, which is planned to involve direct recep- 
tion in Alaska of SAR data from the European Space Agency’s 
ERS-1 and from the Japanese JERS-1 spacecraft due for launch in 
the 1989-91 time frame. 

advanced technology development activities also will be contin- 
ued on prospective future sensors for flight aboard both the Shuttle 
and free-flying spacecraft. 
Space physics research and analysis 

Space physics research and analysis is a broadly structured effort 
to enhance our understanding of the characteristics and behavior 
of plasmas in the solar corona, the interplanetary medium and in 
the vicinity of the Earth and other planets. 

During fiscal year 1988, the space physics research and analysis 
activities will be continued with particular emphasis on the analy- 
sis of data obtained from the 1986 Polar Region and Outer Magne- 
tosphere International Study (PROMIS) campaign and from the 
International Cometary Explorer (ICE) which collected unique data 
in the Earth’s distant magnetotail before going on to an encounter 
with the comet Giacobini-Zinner in September 1985. Definition 
studies will be conducted during fiscal year 1988 for advanced mis- 
sions such as the follow-on for the United States-Italian Tethered 
Satellite System, which will investigate atmospheric and electrody- 
namics effects, a solar proble mission to study the unexplored 
region between four and sixty radii from the Sun, and Space Sta- 
tion Payloads including the Solar Terrestrial Observatory. 

The solar terrestrial theory program will be continued during 
fiscal year 1988. In addition, a comprehensive and quantitative ag- 
gregate model of solar-terrestrial interactions will continue to be 
developed. 
Payload and instrument development 

The Space Transportation System offers the unique opportunity 
for short duration flights of instruments. The Environmental Ob- 
servations prngram has incorporated this capability into the Shut- 
tleispacelab payload development activities in these important as- 
pects: early test, checkout and design of remote sensing instru- 
ments for long duration free-flying missions; and short-term atmos- 
pheric and environmeniai data gatheriiig f ~ r  hasic reseirch zr?d 
analysis where long-term observations are impractical. 

i 5 4  Fiscal year 1988 funds will be used to support the Measurement 
of Air Pollution from Satellites (MAPS) science team activities in- 
cluding data reduction, refurbishment for reflight and upgrading of 
the ground service equipment. 

The initial flight of the Atmosphere Trace Molecules Observed 
by Specstroscopy (ATMOS) instrument was completed in 1985, with 
greater t h m  expected science result,s. The fiscal year 1988 funding 
is required to support the ground observation program of ATMOS 
as well as continued science team activities, data processing and 
analysis, and limited refurbishments. 

Flscai year i988 funding is aiso required to coiitiiiiie the Acti:.c 
Cavity Radiometer (ACR) data processing, science team activities, 
and refurbishment for reflight on future Shuttle ATLAS flights, 
and development of a free-flyer version of ACR. 

Development activities will continue on the international (US. 
and French) Light Detection and Ranging (LIDAR) airborne instru- 
mentation following completion of conceptual definition, bread- 
board laboratory activities, and preliminary design reviews for this 
multi-phase user program. 

In fiscal year 1988, the Collaborative Solar Terrestrial Research 
Program (COSTR) will continue development of U.S.-provided in- 
struments for the ISASiNASA GEOTAIL Mission. NASA also will 
begin development of IJ.S.-provided instruments and mission sup- 
port equipment for the ESA/NASA joint CLUSTER and SOH0 
missions. 
Extended mission operations 

The objectives of the extended mission operations program is to 
provide for the operations, data processing, validation and data 
analysis of missions which have completed basic operations funded 
by approved project support. 

The Solar Mesosphere Exdorer (SME.) launched in October 1981, 
is providing major -input to bur overall atmospheric parameter data 
base. SME is producing simultaneous measurements needed to un- 
derstand the complex chemical processes taking place in the meso- 
sphere, including data measurements of ozone, atomic oxygen, 
nitric oxide and solar irradiance. Data results indicate greater 
short-term variations and magnitude than was expected of many of 
the mesospheric properties. A ground truth program to aid in the 
validation of the SME data is also being undertaken. SME is pro- 
viding excellent data on the effect of volcanoes on the Earth’s at- 
mosphere. 

Solar terrestrial research activities rely on data received from 
the International Sun-Earth Explorers, WEE-1 & 2), the Interplan- 
etary Monitoring Platform (IMP), the Active Magnetospheric Parti- 
cle Trace Explorer (AMWE), and the Dynamics Explorers (DE) 
which are still operational. IMP continues to provide the only 
flvailable source of solar wind input measurements to the Earth. 
IMP, aiong with i322-i 8z 2, DE, AMmE, and the Sacdish Viking 
satellite successfully conducted a multisatellite campaign called 
PROMIS in 1986. The ISEE-3 spacecraft, renamed the Internation- 
a! Cnrnetary Explorer (ICE). provided complementary solar wind 
measurements upstream of Comet Halley in 1986, and was retar- 



geted for a return to Earth orbit in 2014 for retrieval and presenta- 
tion to the National Air and Space Museum (NASM). 

Fiscal year 1988 funding is required to support continuing mis- 
sion operations and data analysis activities for the International 
Sun-Earth Explorers, the Interplanetary Monitoring Platform, the 
Dynamics Explorer, International Cometary Explorer, and the 
Active Magnetospheric Particle Trace Explorer. Operation of the 
Nimbus and SME satellites and processing of the collected data 
will be continued as will activities to provide ground truth for a 
NASAdeveloped ozone instrument to be flown on a NOAA metero- 
logical satellite. 

In addition, fiscal year 1988 funding is required for operating the 
Earth Radiation Budget Satellite (ERBS) spacecraft, data process- 
ing and analysis from the total three-instrument system, and from 
the SAGE-I1 instrument on ERBS. 
Interdisciplinary research 

Interdisciplinary research activities need to be conducted to 
quantitatively characterize the Earth’s chemical, physical, and bio- 
logical processes on the land, along with the interactions between 
the land, the oceans, and atmosphere, which are of particular im- 
portance in assessing the impact of these phenomena on global, 
physical, and biogeochemical processes. 

In fiscal year 1988, interdisciplinary studies will be continued 
with emphasis on integrating discipline-specific research activities 
of Oceanic Processes, Atmospheric Dynamics and Radiation, Upper 
Atmosphere/ Troposphere Chemistry, and Land Processes into a 
unified program which will help increase our understanding of crit- 
ical global processes. 
Tethered Satellite Payloads 

The Tethered Satellite System (TSS) will provide a facility for 
conducting experiments weighing 500 kg or less from distances of 
100 km above or below the Space Shuttle. The TSS will allow 
unique science to be undertaken such as observations of atmospher- 
ic processes occurring within the lower thermosphere (below 180 
km altitude), observations of crustal geomagnetic phenomena, and 
direct observation of magnetospheric-ionospheric-atmospheric cou- 
pling processes in the 125-180 kilometer region. 

The TSS is an international cooperative project with the Italian 
government. The United States is developing the tether deploy- 
ment and retrieval system and is responsible for overall project 
management and system integration, development and integration 
of the U.S.-provided instruments, and flight on the Shuttle. Italy is 
developing the satellite and is responsible for development and in- 
tegration of Italian-provided instruments. An Announcement of 
Opportunity for investigations was issued in April 1984. Selection 
of investigators was completed in late 1985, and instrument design 
initiated in 1986. 

The fiscal year 1988 funding is required to continue development 
of US-provided instruments on TSS-1 and core equipment devel- 
opment and integration. 

160 Scatterometer 
The Scatterometer will provide accurate, global measurements of 

ocean surface winds which will be useful for both oceanography 
and meteorology. In addition to providing wind field data, Scattero- 
meter data will permit the first global study of the influence of 
winds on ocean circulation, provide data on the effects of the 
oceans on the atmosphere, and provide improved marine forecast- 
ing (winds and waves). Flight of the instrument in 1990-91 will pro- 
vide an overlap of data gathering with the World Ocean Circula- 
tion Experiment, Tropical Ocean-Global Atmosphere Experiment 
planned by the international oceanographic community; and addi- 
tionally, concurrent flight with the Ocean Topography Experiment 
(TOPEX) would result in unique measurements of the Oceans’ driv- 
ing force (winds) and the resulting Ocean response (topography). 

Pursuant to a recent decision by the Secretary of the Navy, the 
Scatterometer will be flown on the Navy Remote Ocean Sensing 
System (N-ROSS) satellite in late 1990. This is a reversal of the p 
sition taken in the fiscal year 1988 DOD budget request that would 
have terminated the N-ROSS program and forced the Scattero- 
meter to fly on an alternative spacecraft. 

Planned fmal  year 1988 activities will include the continuation 
of hardware development leading to testing and integration of the 
Scatterometer Flight Model, delivery of the second computer 
system and beginning of its.testing, and continued refinement of 
post-launch research and verification plans. 
Upper A t w p h e m  Research Satellite Program 

The Upper Atmosphere Research Satellite WARS) program is 
the next logical step in conducting a comprehensive program of re- 
search, technology development and monitoring of the upper at- 
mosphere aimed at improving basic scientific understanding. This 
mission, scheduled for a STS launch in 1991, is essential for under- 
standing the key radiative, chemical and dynamical processes 
which couple together to control the composition and structure of 
the stratosphere. The UARS mission will provide the first integrat- 
ed global measurements of: ozone concentration; chemical species 
that affect ozone; energy inputs; temperature; and winds in the 
stratosphere and mesosphere. 

The fiscal year 1988 funds are required for continuation of the 
development of the ten UARS instruments including flight hard- 
ware fabrication, instrument assembly and environmental testing 
leading to instrument delivery to the spacecraft in 1989. In addi- 
tion, the spacecraft development and hardware fabrication activi- 
ties will continue. 

The ground data handling facility will enable a higher level of 
interaction among experimenters and theoreticians than has exist- 
ed with past programs. Implementation of this concept requires 
that the system be developed on a timely parallel path with the 
flight hardward so that individual experiment data processing s u b  
systems, including algorithms and the interactive data base, pro- 
vide maximum interaction and effectiveness in the design and de- 
velopment phase of the program and are fully verified a t  launch 
time. In order to achieve this, fiscal year 1988 funding is required 



to continue design and development of the ground data handling 
facility including hardware delivery and checkout, software prelim- 
inary and critical design reviews, science team support and science 
algorithm development. 
Ocean Topography Experiment 

The goal of the Ocean Topography Experiment (TOPEX) is to uti- 
lize satellite radar altimetry to measure the surface topography of 
the global oceans over a period of three years with sufficient accu- 

the oceans’ general circulation and its mesoscale variability. Such 
information is needed to better understand how the atmosphere 
drives the circulation of the oceans, how the oceans in turn influ- 
ence the atmosphere, and ultimately, the role of the oceans in cli- 
mate. 

On March 23, 1987, NASA and the French Space Agency (CNES) 
signed a Memorandum of Understanding (MOU) to collaborate on 
TOPEX in order to more fully exploit the scientific value of the 
data. Under the terms of the MOU, NASA will provide a spacecraft 
bus and several instruments including a radar altimeter, a micro- 
wave radiometer, and tracking systems whereas the French will 
provide a French altimeter and tracking system and will launch 
TOPEX in iate 1991 usiong Ariane. TOPEX is also being planned 
in concert with the World Ocean Circulation Experiment (WOCE), 
a major international oceanographic field program being planned 
under the auspices of the World Climate Research Program 
(WCRP,. WOCE will combine satellite observations from TOPEX 
with traditional in situ observations to enable the first comprehen- 
sive determination of the three-dimensional current structure of 
the global oceans. When further combined within ocean surface 
winds from the NASA Scatterometer (NSCAT), unique measure- 
ments of the oceans’ driving force (winds) and the resulting ocean 
response (topography) will have been obtained. 

In fiscal year 1988, preliminary design of the satellite and 
ground data systems will be well under way. Sensor development 
will continue through the Critical Design Review phase leading to 
the initiation of fabrication by late fiscal year 1988. At the same 
time, the science team will be refining their research plans and 
will assist in design options as they relate to achieving scientific 
success with TOPEX. 
Global Geospace Science 

The Global Geospace Science (GGS) is proposed as a fiscal year 
1988 new initiative and will be part of the United States’ contribu- 
tion to the International Solar Terrestrial Physics (ISTP) program. 
This program is an international, multi-spacecraft, collaborative 
science mission designed to provide the measurements necessary 
for a new and comprehensive understanding of the interaction be- 

The GGS is a complementary science mission to the Collabora- 
tive Solar Terrestrial Research (COSTR) program initiated in fiscal 
year 1987 to provide instruments and launch support and to gain 
science return in a cooperatlve effort with the European Space 
Agency (ESA) and the Japanese Institute of Space and Aeronauti- 
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cal Science (ISAS). The scientific value of this effort would be 
greatly enhanced by the addition of the two spacecraft proposed in 
the GGS program. The combined program would include five space 
craft missions: two US. spacecraft, WIND and POLAR; two ESA 
spacecraft, SOHO and Cluster; and one ISAS spacecraft, GEOTAIL. 
NASA will launch and provide upper stages for all spacecraft 
except WHO. ESA will provide for launch and associated costs for 
SOHO. Initiation of GGS in fiscal year 1988 will move the US.  
from a supporting to a leadership role in this international cooper- 

The Global Geospace Science (GGS) mission will measure and 
model the effects of the Sun on the Earth’s space system to en- 
hance our understanding of the processes and flow of energy and 
matter in the solar energy chain from outer geospace to atmospher- 
ic deposition. GGS will also enhance our ability to asses  the impor- 
tance of variations in atmospheric energy deposition from the geo- 
space system to the terrestrial environment. 

Essentially, all commitments by the foreign governments are in 
place, and their development activities have commenced. Approval 
of the GGS will allow the United States to become a full partner in 
the ISTP program reinforcing our commitment to international 
coopertion and is essential to maintaining continued leadership in 
solar terrestrial physics. 
Fiscal year 1988 funds are required to initiate development of 

GGS spacecraft instruments and ground system. Fiscal year 1988 
funding will allow initiation of these effects in time to take advan- 
tage of simultaneous measurements provided by the Collaborative 
Solar Terrestrial Research (COSTR) program and other solar-ter- 
restrial research efforts. 

Environmental Observations-Committee Comments 
The Committee authorizes $393.8 million for Environmental Ob- 

servations for fiscal year 1988. This is the same as the President’s 
budget request. 

The Committee was pleased to be informed that on March 23, 
1987, NASA and the French Space Agency (CNES) signed a Memo- 
randum of Understanding to collaborate on the Ocean Topography 
Experiment (TOPEX). This cooperative venture should enhance the 
standing of the United States in the international community and 
assist our understanding of global Ocean dynamics. TOPEX is 
scheduled to be launched in late 1991 on a French Ariane vehicle. 

The Committee also was pleased to see the Upper Atmosphere 
Research Satellite (UARS) on the October 1986 space shuttle mani- 
fest for the 4th quarter of 1991. Although this mission has been de- 
layed two years by the Challenger disaster, there is still a great 
deal of support on the Committee for the UARS mission since it 
will provide the first integrated global measurements of ozone con- 
cencration and chemical species that affect ozone. 

The recent reinstatement of the Navy Remote Ocean Sensing 
System (N-ROSS) by the Secretary of the Navy has been well re- 
ceived hy the C~mmittee. NP.SP, has been developing the scatter- 
ometer to fly on N-ROSS. The flight of both the N-ROSS Mission 
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and the TOPEX Mission simultaneously will significantly enhance 
the scientific return from these missions. 

Finally, the Committee has fully authorized the fiscal year 1988 
NASA budget request for the Global Geospace Science (GGS) pro- 
posal-the only “new start” included in the President’s budget re- 
quest. The GGS proposal is an international, multi-spacecraft mis- 
sion designed to improve the understanding of the interaction be- 
tween the Sun and the Earth. Approval of this proposal by the 
Committee should permit the United States to maintain its leader- 
ship in solar terrestrial physics. 

3. MATERIALS PROCESSING IN SPACE-$50,000,000 

The Committee authorizes $50,000,000 for Materials Processing 
in Space in fiscal year 1988. This is $4.1 million greater than the 
President‘s budget request. 

The Materials Processing in Space program emphasizes the sci- 
ence and technology of processing materials to understand con- 
straints imposed by gravitational forces and unique capabilities 
made possible by controlling these processes in the space environ- 
ment. Ground-based research, technology development, and pay- 
load definition activities in fiscal year 1988 are being concentrated 
on six major processing areas: metals and alloys, electronic materi- 
als, glass and ceramics, biotechnology, combustion, and fluid dy- 
namics and transport phenomena. These activities will provide the 
scientific basis for future space applications of materials processing 
technology as well as provide a better understanding of how these 
processes occur on the ground. Definition studies will be performed 
for Shuttle and Space Station experiment candidates in areas such 
as containerless experiments, combustion science, solidification and 
crystal growth, and blood storage. 

The Microgravity Shuttle/Space Station payloads budget SUP 
ports a consolidation of ongoing activities which provide a range of 
experimental capabilities for all scientific and commercial partici- 
pants in the Microgravity Science and Applications program. These 
include Shuttle middeck experiments, the Materials Experiment 
Assembly and the Materials Science Laboratory, which is carried 
in the orbiter bay. 

In fiscal year 1988, effort will continue at the centers for bioproc- 
essing research located at the University of Arizona and the Uni- 
versity City Science Center in Philadelphia, PA as well as the Mi- 
crogravity Materials Science Lab a t  the Lewis Research Center. 

Fiscal year 1988 funding also is required to continue basic and 
applied research activities using middeck and cargo bay experi- 
ments leading to several flights over the next few years. Investiga- 
tions will be planned in fluid dynamics, glasses, electronic materi- 
als, biotechnology, metals and alloys, and combustion. Development 
will begin on a number of Physics and Chemistry Experiments 
(PACE) as well as continued development of several pieces of ad- 
vanced equipment in the areas of electronic crystal growth, bio- 
technology, metallic casting, and levitation. 

Funding will also support definition activity for Space Station 
hardware development. 
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The Committee authorizes $50 million for Materials Processing 
in Space in fiscal year 1988. The increase of $4.1 million above the 
President’s budget request is to accommodate additional hardware/ 
instrumentation development activities that will better position the 
program when space shuttle flights resume. 

The Committee is most supportive of NASA’s materials process- 
ing activities and believes that the long-term returns from this pro- 
gram will be substantial. The Committee is concerned, therefore, 
with the Findings and Consequences of the Interim Dunbar Report 
that point to possible erosion of the microgravity science communi- 
ty, inadequate preparedness for space station, and the loss of inter- 
national competitive advantage. The Committee expects NASA to 
seriously review this report and its recommendations and to initi- 
ate corrective actions as soon as possible. 

The Committee also expects to be kept well informed of any de- 
velopments in the Centers of Excellence Program. The Committee 
is sensitive to the effect of the loss of flight opportunities on the 
Centers’ activities. However, these Centers of Excellence are ex- 
pected to yield significant breakthroughs and establish foundations 
for more sophisticated research in space, and, therefore, NASA is 
expected to maintain the highest standards for this program. 

4. COMMUNICATONS-$104,500,000 

The Committee authorizes $104,500,000 for Communications for 
fiscal year 1988. This is $84 million greater than the President’s 
budget request to accommodate the launch of the Advanced Com- 
munications Technology Satellite in 1990. 

Summary of Funding for Fiscal Year 1988 
Advanced commications technology satellite (ACTS) ............................ $84,000,000 
Research and analysis ................................................................................. 14,400,000 
Search and rescue ................................................... 1,300,000 
Technical consultation and support studies ............................................ 3,400,000 
Experiment coordination and operations support .................................. 1,400,000 

Total Communications ........................................................................ 104,500,000 

The Communications Research and Analysis program continues 
to provide the development of subsystem component technology re- 
quired by NASA, other government agencies, and US. industry for 
advanced communications satellite systems. Special emphasis is 
being given to pursuing technologies with high potential for im- 
proving spectrum utilization, satellite switching, and intersatellite 
link technologies, since these technologies are the key to future 
growth of the communication satellite and terminal markets. In 
addition, the mobile communications technology program will con- 
tinue to address the development of critical enabling technologies 
needed to insure growth of a commercial mobile satellite service in 
the United States. This effort, in cooperation with U.S. industry, 
Canada, and other government agencies, will help implement a 
first generation commercial system at  the end of the decade. 



Advanced Communications Technology Satellite 
The objective of NASA’s Advanced Communications Technology 

Satellite (ACTS) Program is to prove the feasibility of certain ad- 
vanced communications technologies through a flight test program. 

The specific technologies to be validated include: (a) the use of 
multiple fixed and scanning spot antenna beams; (b) frequency 
reuse; ici beam interconnectivity a t  boih intermediate Crequencies 
and at  baseband; (d) advanced system network concepts; and (e) dy- 
namic rain-compensation techniques. These technologies will apply 
t,n A wide range of communications systems in the 1990s. A con- 
tract was signed in August 1984 to develop the flight and ground 
hardware. 

The ACTS spacecraft is scheduled to be launched in 1990 from 
the shuttle into geostationary orbit. The spacecraft will consist of a 
commercial communications package, including a multibeam an- 
tenna, baseband processor, RF matrix switch, traveling wave tube 
amplifier, and low noise receiver. The ground segment will consist 
of a NASA ground station and a master control station. Following 
launch and checkout, a 2-year program of user-funded experiments 
will be initiated during which time ACTS system technologies will 
be tested, evaluated, and validated. To date, over 80 organizations, 
including DOD, have requested consideration for over 118 experi- 
ment opportunities on ACTS. 
Research and analysis 

The Communications Research and Analysis program empha- 
sizes the development of high-risk technology required to maintain 
US. preeminence in the international satellite communications 
market, to enable new and innovative public services, and to meet 
the communications needs of NASA and of other government agen- 
cies. This program focuses on the “interconnectivity technologies” 
of on-board switching, intersatellite links, and antennas, as well as 
advanced radio frequency (RF) technologies. Advanced studies are 
performed to determine the future satellite communications needs 
of the country and to define the technology required to meet those 
needs. The technology is developed and tested through an advanced 
proof-of-concept (POC) program. The POC devices and components 
are then integrated into a multiple terminal, satellite communica- 
tions network in a laboratory where they undergo comprehensive 
evaluation. 

The mobile communications technologies activity is aimed at  ac- 
celerating the introduction of a commercial mobile satellite service 
in the United States and developing and testing power, bandwidth 
and orbital-slot efficient ground segment technology and network- 
ing techniques needed to insure its growth. 

During fiscal year 1988, advanced studies and selected technology 
development will continue in the high risk areas of microwave and 
opticai technoiogy, sateiiite switching, RF systems, and intersatei- 
lite links. Work in these technology areas will support US. indus- 
try, NASA, and other government agencies and address national 
econnrr?ic and SPCWitY iaterests. 

In fiscal year 1988 all prototype components for the mobile com- 
munications technology experiment will be completed, and field 
testing of the full mobile terminal will begin. 
Search and Rescue 

The Search and Rescue program, developed by NASA and inte-r- 
national partners, has demonstrated the feasibility of using satel- 
lites to improve significantly the ability to detect and locate gener- 
al aviation aircraft and marine vessels during emergencies. The 
Search and Rescue satellite system has met all specifications and 
was dec!ared operatiofin! ifi Ju!y 198.5 The system has received 
world-wide acclaim and has been credited with saving over 675 
lives to date. In addition, the system is demonstrating the potential 
to save millions of dollars annually in search logistics costs. 

In fiscal year 1988, an experiment using geostationary satellites 
for instant alert will be completed and the results analyzed. Work 
to improve cost and performance of emergency beacons will contin- 
ue. 
Techuical cvthsultution u t d  support studies 

Technical consultation and support provide the technical basis 
for regulatory and policy development to assure the orderly growth 
of existing and new satellite services. Unique analytical tools are 
developed an& used to solve problems 3f inter- ar,d intra-satellite! 
terrestrial system interference. Emphasis is placed on orbit and 
spectrum utilization studies, which include the development of fre- 
quency and orbit sharing techniques and strategies, design stand- 
ards, and the determination of the effect of propagation phenom- 
ena and man-made noise on performance, design, and efficient use 
of the geostationary satellite orbit and the radio spectrum. 

In fiscal year 1988, work will be completed on the geostationary 
orbit arc allotment planning method, and support will continue for 
the second session of the Space World Adminstrative Radio Confer- 
ence. Studies will continue for the purpose of identifying tech- 
niques to increase the efficient use of the limited orbit/spectrum 
resources and to understand and alleviate the adverse effects of 
propagation phenomena on space communications. 
Experiment coordination and operations support 

The objectives of this program are to support and to document a 
wide range of user experiments and demonstrations of the applica- 
tion of satellite communications. Past experiments on experimental 
satellites, such as the Applications Technology Satellite (ATS) 
series and the Communications Technology Satellite (CTS), have 
successfully provided users with the experience necessary to make 
informed decisions regarding the satellite communications func- 
tions. NASA’s role to stimulate use of unique space facilities has 
led to wider application of commercial satellites that better meet 
the needs of potential users. 

ues to support the National Science Foundation, the National Oce- 
anic and Atmospheric Administration, several universities, state 
and local governments, and a number of domestic and internation- 
ai disaster reiief organizations. Support is provided through satei- 

The rerr?2ining P.pp!iCltinns Techno!ngg S2te!!ite, ATS-3, contin- 



lite voice and data links for scientific and communications experi- 
ments to North and South America, most of the Atlantic Ocean, 
and a large part of the eastern Pacific including Hawaii and Ant- 
arctica. 

In fiscal year 1988, operational support for ATS-3 will continue. 
NASA will maintain approval and policy control of the ATS pro- 
gram. NASA will continue planning support for educational, scien- 
tific, and public service communications experiments for organiza- 
tions within the Western Hemisphere, and will support similar ex- 
perimental activities of Pacific basin organizations within the foot- 
print of the ATS-3 coverage. 

COMMUNICATIONS-COMMITTEE COMMENTS 
The Committee authorizes $104.5 million for Communications for 

fiscal year 1988 including $84 million for the Advanced Communi- 
cations Technology Satellite (ACTS) that is scheduled for launch in 
November, 1990. 

The Committee strongly supports the ACTS program because it 
is critical to the future of the United States in the world communi- 
cations market. Furthermore, the Committee continues to believe 
that the development of the ACTS technologies is an appropriate 
research and development function for NASA. 

The Committee finds that the Office of Management and Budget 
justification for the exclusion of any funding request for ACTS in 
fiscal year 1988 is without merit. The Committee expects funding 
for the ACTS program to be included in the fiscal year 1989 budget 
submission. 

At a time when the United States suffers from an adverse bal- 
ance of trade and the Europeans and Japanese are mounting sub- 
stantial threats to our share of the world communications market, 
the Committee believes it is essential that the government and pri- 
vate sector cooperate to share the high costs and risks associated 
with the development of new technologies. The ACTS program 1s 
patterned on such a cooperative venture and represents a conscious 
effort on the part of the Congress to sustain the Nation’s leader- 
ship in communications. 

The Committee instructs NASA to proceed vigorously with the 
ACTS program and to have the satellite ready for launch in 1990- 
which is one to two years prior to the expected launch of compet- 
ing foreign experimental satellites. 

5. INFORMATION SYSTEMS-$22,300,000 
The Committee authorizes $22,300,000 for Information Systems 

for fiscal year 1988. This is the same as the President’s budget re- 
quest. 

The objectives of the Information Systems program are to: devel- 
op and demonstrate advanced capabilities of managing; distribut- 
ing, and processing data and information; implement information 
system standards and provide common software in order to lower 
data system costs; and develop the basis for data services to provide 
improved access to, and rapid delivery of, space data and advanced 
data systems in sup rt of the nation’s satellite programs and 
space science and appEations projects. 

164 
The fiscal year 1988 Information Systems funding is required to 

provide support for space science and applications programs. Funds 
are required: to continue development of planetary, Earth re- 
sources, and astrophysics data systems projects which are being im- 
plemented a t  the Jet Propulsion Laboratory, the Goddard Space 
Flight Center, and participating academic institutions; to continue 
implementation of on-line data directories and catalogs; to operate 
the large-scale computers in the Space and Earth Sciences Comput- 
ing Center (SESCC) and the archives a t  the National Space Science 
Data Center (NSSDC) (both facilities located at  the Goddard Space 
Flight Center); to develop common software to support ongoing re- 
search in the space and Earth sciences; and to continue develop- 
ment of data management and data archiving to support flight 
projects, discipline program offices, and other NASA program of- 
fices. The FY 1988 funding levels will also provide the university/ 
research community with improved access to NASA computational 
facilities and data archives by expanding network communications 
links, by increasing online data storage capacities, and by develop 
ing standards for data and protocols. 

Information System-Committee Comments 
The Committee authorizes $22.3 million for Information Systems 

in fiscal year 1988. This is the same as the President’s budget re- 
quest. 

The Committee strongly supports the development and demon- 
stration of advanced information systems and believes they are 
critical to the success of the Nation’s space program. 

E. COMMERCIAL PROGRAMS-$49,000,000 
The Committee authorizes $49,000,000 for Commercial Programs 

in fiscal year 1988. This is a reduction of $5 million from the Presi- 
dent’s budget request. 

Summary of funding for fiscal year 1988 
Technology utilization .................................................................................. $18,300,000 
Commercial use of space ............................................................................. 30,700,000 

Total commercial programs ............................................................ 49,000,000 

Technology Utilization 
The NASA Technology Utilization Program is designed to 

strengthen the national economy and industrial productivity 
through the transfer and application of aerospace technology re- 
sulting from NASA’s R&D programs. To accomplish this objective, 
NASA has established and operates a number of technology trans- 
fer mechanisms to provide timely access of useful technologies to 
the private and public sectors of the economy. Almost every part of 
US. industry is affected by the technology transfer process, espe- 
cially in such areas as automation, electronics, materials, and pro- 
ductivity. In the public sector, medicine, rehabilitation, transporta- 
tion and safety are areas in which aerospace technologies have 
been especially beneficial. The specific objectives of the program 
are: 



165 

to accelerate and facilitate the application of new technology 
into the commercial sector, thus shortening the time between 
the generation of advanced aeronautics and space technologies 
and their effective use in the economy; 

to encourage multiple secondary uses of NASA technology 
industry, education, arid goveiiiment, whcrc z ~ i d e  spectrum 
of technological problems and needs exist; and 

to develop applications of NASA’s aerospace technology, in- 
cluding its unique facilities, to priority non-aerospace needs of 
the Nation. 

NASA has continued its broad and comprehensive efforts to pro- 
mote and encourage the effective application and use of new and 
innovative aerospace technologies throughout the public and pri- 
vate sectors of the U.S. economy. Of particular note is the upward 
growth of industrial and business subscribers to NASA Tech Briefs 
which now exceeds 130,000 readers. This 60 percent increase since 
January 1985 represents a growth rate averaging over 5,000 new 
subscribers per month . . . an affective ineasirc of the importance 
and value which U.S. industry places on new and emerging tech- 
nologies. 

Moreover, the NASA-sponsored Industrial Applications Center 
(IAC! network has made significant strides in developing effective 
linkages with state-sponsored institutions engaged in industriai 
and economic growth. This broadening and strengthening of the 
nationwide technology transfer network is continuing to gather 
momentum with nearly 20 of the 50 states now being linked to 
transfer products and services available through the IAC efforts. 
NASA expects to continue this effort during the balance of fiscal 
year 1987 and on into fiscal year 1988. 

An additional milestone was reached in late 1986 when the Fed- 
eral Laboratory Consortium (FLC) for Technology Transfer (former- 
ly established under P.L. 99-502) and NASA elected to enter into 
an agreement which establishes formal linkages between the 
NASA IAC network and the various Federal laboratories. Based on 
the successful completion of an experimental program between the 
NASA IAC at the University of Southern California and the FLC 
Farwest Region, IAC industrial clients will now be able to gain con- 
trolled access to Federal laboratories nationwide that are engaged 
in research and development activities of paralled commercial in- 
terest. This effort should spur and accelerate the process for ,the 
transfer and application of federally sponsored technologies into 
the mainstream of the US. economy. 
Commercial Use of Spuce 

The goal of the Commercial Use of Space Program is to provide a 
national focus in support of the expansion of US .  private sector in- 
vestment and involvement in civil space activities, while emphasiz- 
ing new high technology commercial space ventures, and promoting 
the development of new markets for C I V I ~  space services. The bred- 
ic objectives of the program are to: 

Establish close working relations with the private sector and 
academia to encourage ir?vestment i n  spare technology and the 
use of the in situ attributes of space-vacuum, microgravity, 
and radiation for commercial purposes. 

Facilitate private sector space activities through improved 

Encourage an increase in private sector investment in the 

Develop and implement commercial space policy NASA-wide. 
In order to maintain momentum in commerciai use of space ac- 

tivities, NASA will continue to establish Centers for the Commer- 
cial Development of Space (CCDS). Institutions with strong re- 
zcxc!: czpzhi!itie~ i~ SCIPEC~S IEC! e~gineering, in cnllnhnratinn 
with industy and/or industrial associations, will be encouraged to 
participate. The Centers are joint undertakings involving, to the 
extent practicable, teams of industrial corporations and/or govern- 
ment agencies (other than NASA) and/or non-profit institutions. 
Resources support and technical assistance will be partially fur- 
nished by NASA with the remainder furnished by the Center mem- 
bers. 

!E fisca! year 1985, NASA provided partial funding to establish 
five Centers for the Commercial Development of Space. In fiscal 
year 1986, NASA funded four additional Centers for a total of nine 
CCDS in operation. Awards are planned for fiscal year 1987 and 
fiscal year 1988 for an eventual total of up to 18 Centers simulta- 
neously operating. NASA’s individual CCDS funding is planned for 
five years in order to stimulate and stabilize the Center’s activities. 
Nevertheless, NASA’s support, on a year-to-year basis, will depend 
on a favorable annual review of the Centers’ progress in stimulat- 
ing commercial use of space. There is a mandatory requirement for 
industry participation in each Center, including the expenditure of 
corporate resources. NASA support will be reduced and finally dis- 
continued at the end of five years as the successful Centers achieve 
self-sufficiency. 

NASA’s goal of expending opportunities for US.  private sector 
investment and involvement in civil space and space-related activi- 
ties will be partially achieved by increasing the amount of space- 
related research conducted by the private sector, the number and 
type of NASA and private sector facilities available for space use, 
and the private sector awareness of the opportunity to use NASA’s 
terrestrial and space-based facilities for potential commercial re- 
search. 

Through coordination with various industrial sectors, the com- 
mercial R&D enhancement efforts will provide generic, multi-use 
research experimentation equipment. This equipment, as well as 
ground-based hardware, software and analytical tools will be devel- 
oped in order to expand the technical research data base on the 
commercial uses of space required by the private sector to help 
make economic decisions to commit to research and, potentially, 
manufacture. Emphasis is placed on building the required techni- 
cal intrastucture The main tnrust of tne efforL wiii be riirecied Lj 
the private sector in coordination with NASA. Resources will also 
be made available to obtain flight support experimentation hard- 
::‘zr,n reqnire:! by igd~stria! researcher4 

access to available NASA capabilities. 

commercial use of space independent of NASA funding. 



Corn mercia 1 Programs-Corn m it tee Corn men ts 
The Committee authorizes $49.0 million for Commercial Pro- 

grams for fiscal year 1988. This includes $18.3 million for Technolo- 
gy Utilization and $30.7 million for the Commercial Use of Space. 
This is $5 million less than the President’s budget request which 
represents a general reduction to Commercial Use of Space to be 
made at the discretion of the Administrator. 

The NASA Technology Utilization Program was created to 
ensure that technology developed for NASA aerospace research 
could be transferred to other areas. One of the areas in which tech- 
nology transfers has been successful is in adapting aerospace tech- 
nology to meet the unique needs of individuals with physical dis- 
abilities. This has resulted in advancement in voice controlled 
wheelchairs, communication aids, and prosthestic devices, etc., 
which have allowed individuals with physical disabilities to have 
greater access to education, employment, housing and recreation 
resulting in greater independence and productivity for these indi- 
viduals. 

The Committee, therefore, directs NASA’s Technology Utiliza- 
tion Program to place additional emphasis on its projects and ac- 
tivities in applying technology to meet the needs of individuals 
with disabilities in the areas of employment, education, housing 
and recreation, as well as the dissemination of information on such 
technology transfers to persons and organizations involved with 
disabilities. In addition, the Committee directs NASA’s Technology 
Utilization Program to report back to Congress within 180 days on 
what they are currently doing nationally in applied technologies 
with regard to employment, education, and housing, as well as how 
they are disseminating information on such technology transfers. 

The Committee continues to support the Commercial Use of 
Space Programs and the establishment of Centers for the Commer- 
cial Development of Space. Yet, the Committee is concerned about 
the effect that the grounding of the space shuttle and the current 
unavailability of flight opportunities could have on the program/ 
project plans of the Centers. Consequently, it might even be neces- 
sary to extend the original financial commitment that NASA made 
to those Centers beyond three years. 

In light of these developments, the Committee recommends that 
NASA perform a midcourse reassessment of the program’s goals, 
objectives, funding requirements, and flight opportunities prior to 
the solicitation for additional Centers in fiscal year 1988. 

The Committee is most supportive of the Office of Commercial 
Programs’ efforts to build multi-use, multi-user government hard- 
ware that will reduce individual entrepreneur experiment costs to 
a level that can be afforded. The Committee supports full funding 
of these activities in fiscal year 1988 and believes the availability of 
this hardware will substantially increase interest in the program 
and broaden the base of participation to entrepreneurs and small 
non-aerospace firms. 

F. AERONAUTICS AND SPACE TECHNOLOGY-$375,000,000 
The Committee authorizes $375,000,000 in fiscal year 1988 for 

Aeronautics and Space Technology. This is the same as the Presi- 
dent’s budget request. 

Summary of fiscal year 1988 funding leoels 
Research and technology base.. ............................................................ $285,200,000 
Systems technology programs ................................................................. 89,800,000 

Total Aeronautics and Space Technology .................................... 375,000,000 
The goal of the NASA aeronautical research and technology pro- 

gram is to conduct effective and productive aeronautical research 
and to develop technology which contributes materially to the en- 
during preeminence of U S .  civil and military aviation. This goal is 
supported by five comprehensive program objectives: (1) identify 
and concentrate on those emerging technologies with potential for 
order-of-magnitude advances in aircraft capability and performance 
that will enhance US. industrial competitiveness; (2) sustain the 
excellence of NASA’s research centers by modernizing and enhanc- 
ing the efficiency of national facilities, advancing scientific and en- 
gineering computational capabilities, and enhancing staff technical 
excellence by selecting highly qualified personnel and providing 
them with challenging career opportunities; (3) ensure timely and 
efficient transition of research results to the US. aerospace com- 
munity through reports, conferences, workshops, and active partici- 
pation of industry in contractual and cooperative programs; (4) 
ensure the strong involvement of universities in NASA’s program 
to broaden the nation’s base of technical expertise and innovation; 
and ( 5 )  provide technical expertise and facility support to the DOD, 
other government agencies, and US. industry for major aeronauti- 
cal programs. 

1. RESEARCH AND TECHNOLOGY BASE-$285,200,000 
The Committee has authorized $285,200,000 for fiscal year 1988 

for Research and Technology Base. This is the same as the Presi- 
dent’s budget request. 

Summary of fiscal year 1988 funding levels 
Fluid and thermal physics research and technology ............................ $29,000,000 
Applied aerodynamics research and technology ..................................... 61,000,000 
Propulsion and power research and technology ..................................... 41,000,000 
Materials and structures research and technology .............................. 42,000,000 
Information sciences research and technology ....................................... 26,000,000 
Controls and guidance research and technology ................................... 27,600,000 
Human factors research and technology ................................................. 26,000,000 

26,100,000 
Systems analysis 6,500,000 

285,200,000 

Flight systems research and technology .................................................. 
.................................................................................. 

Total research and technology base.. .......................................... 

Fluid and thermal physics research and technology 
The fluid and thermal physics research and technology program 

is a combined analytical and experimental research effort directed 
at  external aerodynamics. 



A principal ohjertivo is the development of computational meth- 
ods to enhance the ability to predict and simulate aerodynamics 
flow fields for complete aircraft or missile configurations in any 
flight condition. 

In fiscal year 1988, the fluid and thermal physics program will 
focus upon 3-D configuration analysis and design. Particular focus 
will be given to validating Navier-Stokes prediction codes. 
i?pp!ied Gerdyizaxics KseG,-ch m d  tethno!c?;’ 

The objective of applied aerodynamics research is to generate ad- 
vanced technology to improve the performance and flight dynamics 
of filturp Eirrrrrft and missiles through analytical and experimental 
programs. 

This effort is directed at specific technology goals in all classes of 
aircraft: subsonic, rotorcraft, short takeoff and vertical landing 
(STOL), supersonic and hypersonic. 

In fiscal year 1988, activites will focus upon subsonic and roto- 
craft technologies including reduced drag, laminar flow wings and 
uncoventional configurations. Additional work will be performed in 
the supersonic and hypersonic areas. 
Propulsion and power research and technology 

The objective of the propulsion and power research and technolo- 
gy program is to provide the understanding of the governing physi- 
cal phenomena a t  the disciplinary, component, and subsystem 
levels that will support and stimulate future improvements in pro- 
pulsion system performance capability, efficiency, reliability, and 
durability. Research is being performed on a wide variety of sub- 
systems with applications ranging from the general aviation class 
through hypersonic/aerospace planes. 

Major emphasis will be in the hypersonic/supersonic cruise areas 
and in further development of fuelefficient propulsion systems. 

In 1988, activities will focus upon the development of the analyti- 
cal and experimental data base for supersonic combustion and 
Mach 3-6 high speed cruise systems, as well as all other propul- 
sion-related areas. 
Materials and structures research and technology 

The objectives of the materials and structures research and tech- 
nololgy program are to: (1) investigate and characterize advanced 
metallic, ceramic, polymer, and composite materials; (2) develop 
novel structural concepts and design methods to exploit the use of 
advanced materials in aircraft; (3) advance analytical and experi- 
mental methods for determining the behavior of aircraft structures 
in flight and ground environments; and (4) generate a research 
data base to promote improvements in performance, safety, dura- 
bility, weight reduction, and economy in aircraft. 

The development of high temperature, higher reliability ceramic 
materials for use in engines has produced significant results. Other 
research into composites, aeroelasticity and hypersonics has also 
h s i l  fr.;itfs!. 

In fiscal year 1988, research on materials will concentrate on ad- 
vancing the understanding of material behavior, properties, micros- 
tructures, and processing paramenters for advanced metallic, ce- 
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ramic, po!yme!-, and ccmpcsite -2teria!s. !r. the structnres area, 
emphasis will be placed on development of innovative structural 
concepts for composites using advanced filament winding and pul- 
trusion, as well as design concepts using high-temperature brittle 
materials. 
Information sciences research and technology 

The ohjertiws of the i n fo rma t ion  sciences rt‘searrh and tt’chnnln- 
gy program are to increase NASA’s capabilities in advanced aero- 
space computing and to exploit key computer science disciplines to 
meet the agency’s unique computing requirements. Support for 
computationai fluid dynamics tCFD1 and other aerospace research 
disciplines is provided by developing a fundamental understanding 
of the relationships between essential algorithms and advanced ar- 
chitectures and expioting the potentiai of concurrent processing to 
singificantly increase computing power. 

In fiscal year 1988, research in matching computer architectures 
and algorithms will continue to serve NASA’s needs for efficient 
processing of aerospace algorithms. Investigations of the most ad- 
vanced supercoputers, such as the Cray 2, and their use for 
computational fluid dynamics research and similar problems will 
continue. 
Conlrols and guidance research and technology 

The objectives of the controls and guidance research and technol- 
ogy program are to: (1) investigate emerging controls, guidance, ar- 
tificial intelligence, and display technologies which offer automa- 
tiodsystem integration for aviation effectiveness and efficiency; (2) 
develop architectures for flight-crucial systems for future aircraft 
and devise analytical methods and techniques for assessing their 
reliability and performance; (3) develop methods to alleviate the 
threat of wind shear and heavy rain though airborne detection and 
avoidance; (4) develop advanced controls and guidance theories and 
analysis methods for extending the performance envelope and reli- 
ability of highly augmented future aircraft; and ( 5 )  explore new 
concepts for achieving integration of multidisciplinary technologies. 

In fiscal year 1988, a key goal is to develop robust control algo- 
rithms which are resistant to vehicle or environment uncertainties. 
Additionally, nonlinear modeling and system identification meth- 
ods are being developed to support high angle-of-attack controls re- 
quirements. In the flight-crucial systems area, research will stress 
validation techniques, assessment technology, software reliability, 
lightning effects, and advanced architectures. 
Human factors research and technology 

The objective of the aeronautical human factors research and 
technology program is to provide the capability to design effective 
crew-cockpit systems using advanced cockpit automation technol- 

and procedures. This is necessary for safety, efficiency, and in- 
creased capability in transcentury rotorcraft and transports and, 
ultimately, in the National Aerospace Plane. 

ngies which wi!! prcrper!y ifiteprate the diverse systems, nper.ltors, 



In fiscal year 1988, research will continue in the areas of pilot 
error in operational aviation environments, as well as in cockpit 
design and automation. 
Flight systems research and technology 

The objective of the flight systems research and technology pro- 
gram is to provide the necessary research and technology develop 
ment for an improved and validated base of advanced technology 
for application by industry to future generations of the entire spec- 
trum of aircraft. 

Major thrusts of this program are flight safety, flight instrumen- 
tation, and flight support. 

In fiscal year 1988, the aviation safety program will emphasize 
coordinated wind tunnel and analytical investigations of ice accre- 
tion and its effects on fixed- and rotary-wing aircraft performance 
and handling qualities. Research to establish a flight-validated 
severe storms and lightning effects data base will be completed and 
the results reported to the FAA and industry. Flight test support of 
flight research projects will continue using a variety of both fixed- 
and rotary-wing aircraft. 
Systems analysis 

The objective of the systems analysis effort is to identify and 
quantify the impact of emerging technologies in aerodynamics, ma- 
terials, structures, propulsion, and systems that can lead to new 
plateaus or major improvements in civil or military aircraft of the 
future, create new markets, and provide potential economic bene- 
fits. Systems analysis studies of subsonic aircraft, which include 
general aviation, commuter, and transport aircraft, concentrate on 
the impact of very advanced materials and structures for propul- 
sion systems on a 150-passenger class of transports powered by ad- 
vanced turboprops and on a 500-passenger class of transports pow- 
ered by turbofans. 

In fiscal year 1988, rotorcraft efforts will assess the impact of ad- 
vanced technologies on high-speed tilt rotor configurations and X- 
wing concepts. The high-speed civil transportation studies will also 
continue through fiscal year 1988. Systems studies for advanced 
high-performance aircraft will focus on new capabilities enabled by 
key technology developments in high thrust-to-weight ratio propul- 
sion, propulsive control, and systems integration. 

2. SYSTEMS TECHNOLOGY PROGRAM-$89,800,000 

The Committee has authorized $89,800,000 for fiscal year 1988 
for Systems Technology Programs. This is the same as the Presi- 
dent’s budget request. 

Summary of Fiscal Year 1988 funding levels 
Rotocraft systems technology .............................................................................. $5,000,000 
High-performance aircraft systems technology ................................................. 14,600,000 
Advanced propulsion systems technology ........................................................... 30,500,000 
Numerical aerodynamic simulation .................................................................... 39,700,000 

Total Systems Technology Program ....................................................... 89,800,000 
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Rotocraft s-ystems technology 

The rotorcraft systems technology program consists of research 
conducted on two fronts. The first element focuses on advanced 
technology applicable to the broad class of rotorcraft, with a 
present focus on reducing noise and vibration and increasing the 
performance of helicopters. The second element consists of research 
leading to new, enabling rotorcarft concepts with vastly greater ca- 
pabilities, such as triple the speed, range, and altitude of current 
generation helicopters. 

In fiscal year 1988, the NASA/American Helicopter Society 
(AHS) cooperative industry noise research program will conclude 
with the release of the operational version of the comprehensive 
noise prediction code called ROTONET. A task of this program will 
be a design exercise for a low noise rotor with practical operational 
limitations with a view toward validating improvements in the 
technology. An effort will also be accelerated to gather a modern 
data base on rotor airloads with comprehensive measurement of 
pressures, structural shears, pilot control activity, and acoustics. 
High-performance aircraft systems technology 

The objective of the high-performance aircraft systems technolo- 
gy program is to generate validated engineering methods and 
design data applicable to the development of advanced high-per- 
formance, high-speed aircraft applications. The program objectives 
are accomplished by analysis, ground-based simulations, wind 
tunnel experimental research, and flight research tests of advanced 
aircraft concepts and systems. 

A particular focus of the program has been the turbine engine 
hot section technology (HOST) program. 

In fiscal year 1988, the flight research activity will involve a va- 
riety of high-performance aircraft to investigate advanced concepts. 
Several projects will continue their flight phases during this 
period. The turbine engine hot section technology element and the 
ceramics for turbine engines element have been combined and aug- 
mented to form the advanced high-temperature engine materials 
program in the Advanced Propulsion Systems Technology program. 
The programs were combined to focus the efforts on developing 
fundamental technology for revolutionary advances in high-temper- 
ature materials for advanced propulsion systems and will be re- 
ported under advanced propulsion systems technology. 
Advanced propulsion systems technology 

The objective of the advanced propulsion systems technology pro- 
gram is to explore and exploit advanced technology concepts for 
future aircraft propulsion systems in high payoff areas through the 
focusing of fundamental research and technology efforts and inte- 
gration of advanced propulsion components. 

Activities in the advanced turboprop systems program are devot- 
ed to establishing concept feasibility and providing the broad re- 
search and technology analytical and experimental data base nec- 
essary for achieving the concept’s full potential. 

In the general aviation and commuter engine technology pro- 
gram, will the objective of raising the performance level of small 
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L U I U L I I C  C I I ~ ~ R I C ~  tu 111u1-e ~reariy rriaich that of iarge engines, the 
work continues to be focused on providing fundamental experimen- 
tal data to obtain a detailed understanding of the design param- 
eters that affect component performance as size is reduced. 

In fiscal year 19x8, advanced turboprop systems research will 
emphasize source noise, cabin environment, turboprop installation 
aerodynamics, and the development of advanced aerodynamic and 

propellers. Advanced high-temperature engine materials research 
will develop fundamental technology to enable very high thrust-to- 
weight (20 to 1) gas turbine engines with durable, long-life hot sec- 
Lion components. 
Numerical Aerodynamic Simulation 

The Numerical Aerodynamic Simulation (NASI program objec- 
tive is to significantly augment the native’s capabilities in compu- 
tational fluid dynamics and other areas of computational physics 
by developing a preeminent capability for numerical simulation of 
aerodynamic flows. This program will provide the computational 
Capabilities required to sbtain solutions to problems which are cur- 
rently intractable. Ongoing research and technology base efforts in 
computational aerodynamics will benefit significantly from the ad- 
vanced computational capabilities to be provided by the NAS pro- 
gram. 

Fiscal year 1988 will be an important year in the development of 
the NAS system. The second high-speed processor (HSP-21, which 
will be four to six times more powerful than HSP-1, will be in- 
stalled and integrated into the NAS system. NAS operations sup- 
port funding has been consolidated in the NAS program from the 
Research and Technology Base. This consolidation of funding sim- 
plifies management and reporting of NAS progress. 

Aeronautics Research and Technology-Committee Comments 
The Committee authorizes $375 million for Aeronautics Research 

and Technology in fiscal year 1988. This is the same as the Presi- 
dent’s budget request. 

In 1987, the Aeronautical Policy Review Committee issued its 
second report entitled “National Aeronautical R&D Goals, Agenda 
for Achievement.” This report recognized the considerable impor- 
tance the aeronautics sector has to the balance of trade and to the 
overall competitive position of the United States in world markets, 
a position that is strongly endorsed by this Committee. The aero- 
space trade surplus in 1986 was almost $12 billion, but there are 
signs that this sector of the economy is facing serious and sus- 
tained threats from other nations, such as Japan, the European 
Economic Community (EEC),Brazil, Indonesia, and others. The 
report states, for example, that in 1986, for the first time in our 
history, high technology imports exceeded exports. 

The ,Committee has long recognized the relationship between 

national economic and defense security. The United States has long 
been the world leader in aeronautical technology development, and 
we must maintain this lead. To do so, we must continue the suc- 

strurt~~ra! ~ n i ! y s i s  techniques fnr bnth  sing!^^ znd csunte;-;otatisii 
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cessful government-industry partnership that has successfully iden- 
tified the opportunities, provided the advanced technologies, and 
made possible the .industry we enjoy today. In that same tradition, 
it is expected that the studies on long-distance, high-speed trans- 
ports, recently initiated by NASA with the aeronautics industry, 
may confirm this area as one of the most important unexploited 
opportunities for leadership in world civil aviation markets a t  the 
turn of the century and beyond. ‘These studies should be applauded 
and supported because they could lay a foundation upon which the 
United States establishes new technological and market leadership. 

The recent hiatnry of fi.!nding fer the aeronautics R&I! prcgrz~  
has not reflected the full importance of the program. Overall, fund- 
ing for aeronautics research and development has declined 25 per- 
cent in the last decade. This trend is dist,urbing, since this program 
offers a tremendous economic benefit to this country. The two 
major categories of funding within the area, the Research and 
Technology Base and the Systems Technology program reveal an 
even more unsettling narrowing of emphasis in aeronautics. The 
R&T Base. which funds the research and innovations that produce 
new concepts and designs is a t  an adequate level-the important 
basic seed work is being done. The Systems Technology programs, 
however, have been reduced 70 percent in the same time period. It 
is this category of programs which identify the concepts from the 
R&T programs and, in cooperation with industry, take the first 
step along the path to transform these concepts into commerically 
viable applications. These programs, which are generally high risk 
in nature and the most costly part of the R&T chain because they 
often require large-scale hardware, ensure that the products of the 
basic R&T programs at NASA don’t simply end up on the shelf 
somewhere, but are introduced into the commerical markets to 
help keep our industry a world leader. 

In preparation of its fiscal year 1989 budget request, the Commit- 
tee requests that NASA review these perceived trends in the Sys- 
tems Technology programs and initiate corrective measures. At the 
same time, NASA is directed to prepare a multi-year technology 
development validation plan that will help the United States 
retain its leadership in aeronautics research and technology and 
compete in the international marketplace for future civil aircraft. 
This plan shall be prepared in cooperation with private industry 
and shall be designed to assure continued U S .  leadership in future 
civil aircraft markets. This Plan should be submitted to the com- 
mittee by March 1, 1988. 

G.  TRANSATMOSPHERIC RESEARCH AND TECHNOLoGY-$66,000,000 
The Committee authorizes $S6,000,000 for Transatmospheric Re- 

search and Technology for fiscal year 1988. This is the same as the 
President’s budget request. 

The National Aerospace Plane (NASP) program is a joint effqrt 
‘oeiwet.11 NASA and ihe Department of Defense to acceieraLe m e  
development of critical enahling techologies for this revolutionary 
class of hypersonic/transatmospheric vehicles. Such vehicles could 
be capable of taking off from and landing on cnnvmtinnal rnnways, 



using airbreathing propulsion u p  to, or near, orbital speed, and pro- 
viding rapid and low-cost access to space. 

For fiscal year 1988, ongoing activities in the National Aerospace 
Plane program include technology development in subsonic, super- 
sonic, and hypersonic hydrogen-fueled propulsion technology; ad- 
vanced high-temperature materials and lightweight, high-strength, 
thermal structural concepts; and computational fluid dynamics, 
which remain the three critical technologies for all trans- 
atmospheric vehicle applications. The engine and airframe con- 
tracted efforts will be supported by an extensive focused technology 
effort a t  NASA centers (Ames, Langley and Lewis) and other gov- 
ernment laboratories. Work will continue on development of, and 
manufacturing technology for, lightweight, high-temperature ad- 
vanced materials. For example, processing techniques for fabricat- 
ing ceramic matrix composite panels will be demonstrated. Tests 
will be conducted on subscale component integration models of 
scramjet concepts over the speed range of Mach 3.5 to Mach 8. 

TRANSATMOSPHERIC RESEARCH A N D  TECHNOLOGY-COMMITTEE 
COMMENTS 

The National Aerospace Plane program continues to represent 
an important opportunity for revolutionary advances in U.S. aero- 
nautical and space capabilities. The most significant technological 
barriers to the successful completion of the NASP program-air- 
breathing propulsion, structures and materials, and aerodynamic 
computational methods-will require many years of sustained 
effort and support if they are to lead to the development of a proto- 
type and eventually an operational vehicle. While the Committee is 
fully aware of the fact that national security missions are the most 
likely, early applications of this joint NASA/DOD program, in the 
long term the NASP offers the promise of enhancing our competi- 
tive position in several major areas of aeronautical research and 
development. With the technology base that emerges from thls,pro- 
gram, the United States should be able to meet the competltion 
that we face in this area from the Soviet Union, Japan, ESA and 
others. 

Recognizing the value of this fundamental research and develop 
ment program, the Committee authorizes the Administration:s full 
request of $66 million in fiscal year 1988 for the NASA portion of 
the program. 

H. SPACE RESEARCH AND TECHNOLOGY-$812,000,000 
The Committee authorizes $212,000,000 for fiscal year 1988 for 

Space Research and Technology. This is $38,000,000 less than the 
President’s budget request. However, pursuant to the approach 
taken in H.R. 1827 (S. Report 100-481, the fiscal year 1987 Supple- 
mental Appropriations Bill, for the development of an Advanced 
Launch System, the Committee assumes that NASA will be reim- 
bursed by DOD to carry out the propulsion technologies activities 
associated with the Committee reduction. 

Summary of funding for fiscal year 1988 
Research and technology base .................................................................... 

Civil Space Technology Initiative (CSTII Program ................................. 
$115,900,000 

96,100,000 
Systems technology programs .................................................................. 0 

Total Space Research and Techno1 ogy .......................................... 212,000,000 
The goal of the space research and technology program is to 

retain national preeminence in space by advancing the technology 
base that supports the civil space program. The specific objectives 
are to provide a broad base of advanced technology for vehicle and 
subsystem concepts, components, devices and software; to develop 
the underlying analyses methods, materials behavior, and disci- 
pline technologies; and to perform ground and in-space experi- 
ments to provide basic data and verify concepts so that new tech- 
nology can be utilized with confidence. 

1. RESEARCH AND TECHNOLOGY BASE-$115,900,000 

The Committee authorizes $115,900,000 for fiscal year 1988 for 
Research and Technology Base. This is the same as the President’s 
budget request. 

Summary of funding for fkcal year I988 

....................... 4,900,000 
........ 23,200,000 

115,900,000 

Aerothermodynamics research and technology 
Future aerospace vehicles, such as aeroassisted orbital transfer 

vehicles (AOTV), aerospace planes, and hypersonic cruise and ma- 
neuver vehicles, must be capable of hypervelocity flight in the at- 
mosphere-ranging from the rarefied to the continuum flow re- 
gimes. 

In fiscal year 1988 continued emphasis will be placed on develop 
ing computer codes capable of simulating external flows relevant to 
aerospace transportation systems and on providing analysis and 
design capability to predict aerodynamic and aerothermodynarnic 
loads. 
Space energy conversion research and technology 

The objectives of this program are to explore concepts and com- 
ponents to improve the performance, lifetime, and cost effective- 
ness and to reduce the size and weight of power and life support 
systems for large manned space systems, small earth-orbiting and 
planetary exploration spacecraft, and other ambitious future space 
missions. 

In fiscal year 1988, a system program in highcapacity nuclear 
power will be established as part of the new CSTI program. Nucle- 
a r  technologies needed to meet the highcapacity power systems re- 
quirements for evolutionary space statiods), lunar and planetary 

Total Research and Technology Base ............................................ 



bases, and for high-power demand electric propulsion systems will 
be developed in this program. 
Propulsion research and technology 

The objective of the propulsion research and technology program 
is to establish a base of design concepts and analytical tools that 
will allow the design and development of advanced propulsion sys- 
tems with the known performance, life, and operational character- 
istics essential for next generation space transportation systems. 

In fiscal year 1988, fundamental efforts in reusable engine re- 

nology base for component life extension and prediction, will con- 
tinue in the research and technology base program. 
Materials and structures research and technology 

The objective of the materials and structures program is to pro- 
vide technology that will allow the development of future space- 
craft, large-area space structures, and advanced space transporta- 
tion systems with significant improvements in performance, effi- 
ciency, durability, and economy. 

In fiscal year 1988, the materials program will continue to focus 
on the effect of the space environment on structural materials for 
spacecraft, large-area space structures, advanced space transporta- 
tion systems, and orbitai transfer vehicies. 
Space data and communications research and technology 

The space data and communications research and technology 
program is directed toward developing the advanced ability to con- 
trol, process, store, manipulate, and communicate space-derived 
mission data and enabling new communications concepts. 

In fiscal year 1988, the space data research and technology pro- 
gram will emphasize general purpose, fault-tolerant computing. All 
space communications research and technology will remain in this 
research and technology base program. 
Information sciences research and technology 

The objectives of the information sciences research and technolo- 
gy program are to discover advanced concepts, techniques, and 
system algorithms and to invent system architectures, hardware 
devices and components, and software in order to enable viable and 
productive space information systems. 

In fiscal year 1988, technologies needed to meet the science 
sensor requirements of the Earth Observing System and Large De- 
ployable Refractor will be developed in this program. 
Controls and guidance research and technology 

The controls and guidance research and technology program 
goals are to generate the practical design methods and techniques 
requried to enable precise po in t ing  2nd  dnhi l i7pt inn fnr  fiitiirp 
NASA spacecraft and payloads. 

In fiscal year 1988, this activity will continue theoretical explora- 
tipn of modern control :heor? methods associated. with both system 
iueniificaiion ana distrioutea and aaaptive control. 

9PlrCh 2nd ?echr?o!ogy, &ich O r e  2iZl-e.' O t  cstnb!:shing thc tech- 

H-uman factors research and technology 
The objective of the space human factors research and technolo- 

gy program is to provide the technology base for productivity, effi- 
ciency, and safety in increasingly complex manned space oper- 
ations, including the space station and a potential National Aero- 
space Plane. 

In fiscal year 1988, work stations for proximity operations will be 
evaluated. The virtual work station will undergo hardware integra- 
tion and display upgrade. 
S p r p  ,flight rpwnrrh nnd t e r h n n l n ~  

The objective of this program is to provide researchquality flight 
data supportive of ground-based research and technology efforts for 
the development and operation of future space systems. This objec- 
tive is accomplished through the utilization of current and future 
space facilities such as in-space research laboratories. 

In fiscal year 1988, under the orbiter experiments program, key 
aerodynamic, aerothermodynamic, and thermal protection system 
experimenta may resume flights for completion of the previously 
planned six-flight series for these experiments. 
System analysis 

One of the primary objectives of the systems analysis program is 
to conduct systems analyses to identify technology requirements 
for spacecraft systems, space transportation systems, and large 
space systems for the national space program and integrate these 
requirements into a comprehensive technology plan. 

In fiscal year 1988, the Mars rover studies will be completed; em- 
phasis will be redirected toward an outer planet science station 
study; and astrophysics activities will center on the technology re- 
quirements for interferometric observatories across a range of 
wavelengths. 
2. CIVIL SPACE TECHNOLOCY INITIATIVE (CWI) PROCRAM-$96,100,000 

The Committee authorizes $96,100,000 for fiscal year 1988 for 
Civil Space Technology Initiative (CSTI) program. This is 
$38,000,000 less than the President's budget request. The reduction 
results from the assumption that NASA will be reimbursed for pro- 
pulsion technology activities by DOD. 

Summary of funding for fisc01 year 19861 
................................................................................................ $l.roo.ooo 
................................................................................................ 15.000.000 

Information .................................................................................................... 11.400,000 
Large structures and control ............................................................ 2p.XOO.000 
Power .............................................................................................. ll.0~H).OoO 
Automation and robotics ................................................................ 25.70U.OUO 

Total CSTI .................................................................................. LJC.l(K).OO 
__ 

Many of these activities have been transferred from previous 
Space Research and Technology Activities and augmented in the 
CSTI program. 



172 

Propii lsion 
The objective of the CSTI propulsion program is to develop and 

demonstrate main engine and booster propulsion technology which 
will enable the development of the next generation of earth-to-orbit 
vehicle. 

In fiscal year 1988, the CSTI propulsion program will include 
earth-to-orbit technology for both LOXIhydrogen and LOX/hydro- 
carbon propulsion systems. 
Vehicle 

The aeroassist flight experiment (AFE) will investigate the criti- 
cal vehicle design and environmental technologies applicable to the 
design of an aeroassisted orbital transfer vehicle (AOTV). 

In fiscal year 1988, development of the AFE will be initiated. 
Information 

The objective of the information systems technology program is 
to discover and develop new materials, devices, and components in 
order to enable viable and productive detection, imaging, and stor- 
age systems for future space and planetary missions in the next 
century. 

In fiscal year 1988, onboard computing and optical disk memory 
technology elements of the space data and communications pro- 
gram have been incorporated into the CSTI program to focus on 
the high-rate/capacity data requirements of future NASA missions. 
Large structures and control 

The objective of the large structures and control program is to 
provide experimental validation of analytical methods for predict- 
ing coupled structural dynamics and controls response for multi- 
body space structures with special emphasis on the control of flexi- 
ble structures (COFS) program. 

In fiscal year 1988, ground-based elements initiated earlier will 
be continued for the COFS I and I1 structures. 
Power 

The objective of this program is to develop the technology needed 
to meet the high-capacity power systems requirements for evolu- 
tionary space station, lunar and planetary bases. 

In fiscal year 1988, an aggressive dynamic conversion systems 
technology development and verification program will be initiated. 
Automation and robotics 

The objective of the automation and robotics program is to ex- 
ploit the potential of artificial intelligence and telerobotics to in- 
crease the capability, flexibility, and safety of space and ground op- 
erations while decreasing associated costs. 

In fiscal year 1988, the initial demonstration will be of a two- 
armed remote manipulator for satellite module replacement and 
fluid transfer tasks. 

Space Research and Technology-Committee Comments 
The Committee authorizes $212 million for Space Research and 

Technology for fiscal year 1988. This is $38 million less than the 
President’s budget request. The Committee’s reduction is made 
without prejudice to the Civilian Space Technology Initiative 
(CSTI), an initiative strongly endorsed and prescribed by the Com- 
mittee. 

The Committee strongly supports an enhanced level of activity in 
the NASA Space Research and Technology Program as evidenced 
in the fiscal year 1987 NASA authorization bill that earmarked an 
additional $20 million for advanced technology development toward 
next generation launch systems that would provide low-cost, reli- 
able access to lowearth and geosynchronous orbits. 

Despite the Committee’s strong support for Space Research and 
Technology, the initiation of the Advanced Launch System (AM) in 
conjuction with the submission of the President’s fiscal year 1988 
budget request has raised the possibility that duplication may exist 
between the ALS and CSTI propulsion proposals, both of which 
emer ed from the ongoing National Space Transportation Architec- 
ture study. In light of this situation, the Committee has reduced 
the fiscal year 1988 level of activity in accordance with the as- 
sumed reimbursement of NASA by DOD for these particular pro- 
pulsion activities (H.R. 1827, S. Report 100-48). 

The Committee assumes that this duplication will not appear in 
the fiscal year 1989 budget request and that any future DOD reim- 
bursements to NASA will be in addition to the base CSTI program. 
The Committee also anticipates that NASA will initiate additional 
civilian space technology initiatives in the fiscal year 1989 budget 
submission, including propulsion technologies for space systems 
other than the ALS. 

The Committee feels strongly that the National Commission on 
Space identified a serious deficiency in the Nation’s space program 
when it recommeneded that the United States substantially in- 
crease its investment in the space technolo base-the Commis- 
sion recommended a threefold growth in N E A / s  base technology 
budget. The Committee is committed to correcting this deficiency 
and continues to strongly support space research and technology 
activities, in particular the Civilian Space Technology Initiative. 

I. SAFETY, RELIABILITY AND QUALITY ASSURANCE-$16,200,000 
The Committee authorizes $16,200,000 for fiscal year 1988 for 

safety, reliability and quality assurance. Thls IS the same as the 
President’s budget request. 

The objective of the Safety, Reliabilit and Quality Assurance 
(SR&QA) program, formerly the Standaris and Practices Program, 
is to support NASA’s goals through activities in  safety, productivi- 
ty, reliability and quality assurance. maintainability. software as- 
surance, systems engineering. and program practices which reduce 
program risk; to improve product confidence; and to encourage 
good program procedures in the technical execution of NASA pro- 
grams. 

In fiscal year 1988, the SR&QA program will continue to conduct 
activities in support of the objectives of the agency. The incrense in 



funding from the fiscal year 1987 level reflects an increase in 
safety related activities and the creation of a Technical Assessment 
Program. The Technical Assessment Program will develop systems 
that monitor the status of equipment; validate technical designs; 
report and analyze problems; analyze trends; and judge system ac- 
reptehility in apencv-wide programs. 

The Technical Assessment Program w~ll  address the reporting 
and documentation of problems, problem resolution and trends, 
and other safety systems as required. One component of the assess- 
rrieni plljgiaiii is a computcr:zed, ren!-time, agency-wide problem 
reporting and corrective action system which will allow an assess- 
ment of SR&QA problems. As currently planned, the system will 
contain data on failures, nonconformance anomalies. and unsatis- 
factory conditions for problems analysis and resolution, remedial 
and preventive actions, and trend analysis for flight and critical 
ground hardware, as well as certain generic program hardware. 
The information resulting from the system will be used to design, 
flight, and test reviews It will be specifically designed to provide a 
board data base which will be accessible by NASA and its contrac- 
tors on an iterative basis. I t  will provide a means whereby effective 
trend analysis can be accomplished, thus providing early and more 
complete illumination of problems to management. 

Efforts are being pianned that wil l  revitalize the basic NASA 
safety program. Major activities will be focused on increasing the 
safety of high hazard operations, better understanding the failure 
modes of highly stressed wind tunnel components and pressure sys- 
tems, and quantifying the hazard potential of new, exotic propel- 
lants, existing cryogenic propellants, and new composite materials. 
The existing effort to automate mishap reporting will be expanded 
to include the capability for trend analysis and generation of multi- 
media, generic lessons learned from the central data base. Critical 
policies, procedures, practices, regulations, guidelines, and direc- 
tives will be reviewed and revised, or developed, as appropriate. 
Risk assessment of hazards identified in NASA activities will be 
conducted to determine the implied risks to people and property. 

Safety, Reliability and Quality Assurance-Committee Comments 
The Committee authorizes $16.2 million for Safety, Reliability 

and Quality Assurance for fiscal year 1988. This is the same as the 
President’s budget request. 

The Committee remains strongly committed to the restoration of 
NASA’s Safety, Reliability and Quality Assurance (SR&QA) pro- 
grams as the hallmarks of the agency. The inclusion of a separate 
line item in the fiscal year 1988 NASA Research and Development 
budget request for SR&QA helps to identify the level of effort, but 
the budget justification does not provide adequate supporting docu- 
mentation. The Committee is hopeful that this situation will be 
cnrrecterl in the fiscal year 1989 NASA budget subrnissi9c.- 

As an indication of the Committee’s support of the YttaLQA pro- 
gram, the Committee has approved 99 additional slots for these ac- 
tivities in the Research and Program Management account. Thirty- 
three of these siois will be !ocated at  NASA Hezdquartcrs; and 
sixtg-six of the slots will be at  the NASA field centers. These addi- 
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tional persons should greatly increase NASA’s internal capabilities 
and reduce the need to contract out for SR&QA services. 

The Committee must note its dissatisfaction with the “process” 
and the “personnel” involved in the Atlas/Centaur Fltsatcom 
launch which failed on March 26, 1987. Regrettably, this launch 
failed to meet all existing launch commit criteria and, in some re- 
gnrds, n reasonshle standard of care. The Committee sees the fail- 
ure of NASA and the SR&QA Office to reassess the expendable 
launch vehicle launch commit criteria and the associated launch 
process as a grievous error of judgment. There was no excuse for 
the AtiasZentaur faiiure, and ihe raiiure uf NASA to i - d k  that 
the lessons learned from the Challenger tragedy were also applica- 
ble to other NASA programs is incomprehensible. 

The Committee, therefore, instructs the Office of Safety, Reliabil- 
ity and Quality Assurance to include as part of its fucal year 1989 
budget justification, a detailed accounting of the systems and proc- 
essea currently under review or proposed for review by the Office. 
The Committee expects SR&QA to be the hallmark of NASA’s 
manned and unmanned space activities, and it will continue to 
work with the Office of SR&QA to ensure the reestablishment of 
this standard. 

J. TRACKING AND DATA ADVANCED sYSTEMS-$~8,100,000 
The Committee authorizes $18,100,000 for Tracking and Data Ad- 

vanced Systems fucal year 1988. This is the same as the Presi- 
dent’s budget request. 

The objective of the Advanced Systems Program is to perform 
studies and provide for the development of tracking and data sys- 
tems and techniques required to: (1) obtain new and improved 
tracking and data handling capabilities that will meet the needs of 
approved new missions and near-term new starts; and (2) improve 
the cost effectiveness and reliability needed for overall support of 
the total mix of spaceflight missions. 

Activities planned for fiscal year 1988 include efforts to obtain lo- 
cation accuracies within the one meter level for Earth-orbiting 
spacecraft which would make possible a new class of high precision 
Earth observatory missions on the Shuttle, Space Station and on 
free flying spacecraft; studies on ground based navigation strate- 
gies, analyses and demonstrations for Galileo, Uylsses, and Mars 
Observer; efforts to improve communications between the ground 
and spacecraft; and investigations on achieving more efficient oper- 
ation of the mission control facilities and providing for the neces- 
sary real time interaction between the spacecraft experimenters 
and their experiments. 

Trucking and Data Advanced Systems-Committee Comments 
The Committee authorizes $18.1 million for Tracking and Data 

Systems for fiscal year 1988, which is the same as the President’s 
budget request. 

The Committee continues to strongly support these activities 
that will improve the cost effectiveness and reliability of the total 
mix of spacefiight missions. 



174 11.-SPACE FLIGHT, CONTROL AND DATA 
COMMUNICATIONS-$4,081,300,000 

The Committee authorizes $4,081,300,000 for fiscal year 1988 for 
Space Flight, Control and Data Communications. This is $17 mil- 
lion more than the President's budget request. 

The objective of the NASA program of space flight, control and 
data communications is to provide for the operational activities of 
the Space Transportation System and tracking and communication 
system support to all NASA flight projects. This objective is 
achieved through the following elements: 

Shuttle Production and Operational Capability.-A program to 
provide a fully capable fleet of Space Shuttle orbiters, main en- 
gines, launch site and mission operations control requirements, ini- 
tial spares, production tooling, and related supporting activities. 

Space Transportation Operations.-A program to provide the 
standard operational support services for the Space Shuttle and the 
expendable launch vehicles. Within Shuttle operations, external 
tank and solid rocket booster flight hardware is produced; oper- 
ational spare hardware is provisioned, overhauld and repaired; 
and manpower, propellants, and other materials are furnished to 
conduct both flight and ground (launch and landing) operations. 

Space and Ground Network, Communications and Data Sys- 
tems.-A program to provide vital tracking, telemetry, command, 
and data acquisition support to meet the requirements of all NASA 
flight projects. This support is currently provided by a worldwide 
network of NASA electronic ground stations interconnected by a 
communications system using ground, undersea, and satellite cir- 
cuits. The Tracking and Data Relay Satellite System (TDRSS) will 
become the primary system for supporting upcoming Earth orbit- 
ing missions. 

Summary of fiacal year 1988 funding leuels 
Shuttle production and operational capability ....................................... $1,150,600,000 
Space transportation operations ................................................................ 1,885,800,000 
Space and ground networks, communication and data systems .......... 944,900,003 
Expendable launch vehicle operations ..................................................... 100,000,000 

Total space flight, control, and data communications ............... 4,081,500,000 

The primary program objective of current activity in the Space 
Transportation System is to complete the safe return to Space 
Shuttle flight activities. The Space Shuttle is the key element of a 
versatile Space Transportation System (STS) that is available to a 
wide variety of national users and certain international users. The 
Space Shuttle is the first reusable space vehicle and is configured 
to carry many different types of space apparatus, spacecraft scien- 
tific experiments, and national security payloads. In addition to 
transporting materials, equipment and spacecraft to orbit, the 
Shuttle offers unique capabilities that cannot be achieved with ex- 
pendable launch vehicles (ELV)-to retrieve payloads from orbit 
for reuse; to service and repair satellites in space; to transport to 
orbit,, operate, and return space laboratories; and to perform rescue 
missions. 

Shuttle Production and Operational Capability provides for the 
national fleet of Shuttle orbiters including the replacement orbiter 

which is fiilly funded in fiscal year 1987. Funding also provides for 
the launch site facilities, initial spares, production tooling, and re- 
lated supporting activities. This line item also includes the design, 
test, analysis and certification associated with the recovery actions 
necessary, as a result of the Challenger accident to verify the flight 
hardware and mission support processes necessary for return to 
fli ht 

8huttle Operations provides the standard operational support 
services for the Space Shuttle. Within Shuttle Operations, flight 
hardware is produced, refurbished and repaired, and manpower, 
propellants, and other materials are furnished to conduct and s u p  
port both flight and ground operations. The Shuttle Operations 
program provides for the launch of NASA missions, DOD, other 
U.S. government and certain commercial and international mis- 
sions on a reimbursable basis. The launch schedule calls for 3 
flights in 88 (the first launch after the Challenger accident is sched- 
uled for June 1988), and 7 flights in 1989. However, pending NASA 
decisions and the results of the solid rocket motor test program, 
this schedule could change. 

The ELV program is currently totally funded through reimburse- 
ments from users. Privatization of these systems continues to be ac- 
tively pursued. The only planned NASA launch at  this time is for 
the Cosmic Background Explorer spacecraft which wlll utilize a 
Delta launch vehicle acquired with reimbursements for replace- 
ment of residual assets. 

The p u r r  of the Space Ground Networks, Communications, 
and Data ystems program is to provide vital tracking, telemetry, 
command, data acquisition, communications and data processing 
support to meet the requirements of all NASA flight projects. In 
addition to NASA flight projects, support is provided on a reim- 
bursable bas= for projects of the DOD, other government agencies, 
commercial firms, and other countriea and international organba- 
tions engaged in space research. 

Support is provided for Earth orbital, planetary and solar system 
exploration missions, research aircraft, sounding rockets and bal- 
loons. Included in Earth orbital support are the Space Shuttle 
Spacelabs and scientific and applications missions. 

Tracking and acquisition of data for the spaceflight projects res 
entl accomplished through the use of a worldwide networt of 
NAJA ground stations and by the first of a system of three track- 
ing and data relay satellites in geosynchromous orbit workjng wlth 
a single highly specialized ground station. Ground facilities are 
interconnected by terrestrial and communications satellite circuits 
which tie together the spacecraft and control centers for control of 
the missions. 

To meet the support requirements levied by the wide variety and 
large number of flight projects, NASA has three basic support ca- 
pabilities to meet the needs of all classes of NASA flight missions. 
These are the Spaceflight Tracking and Data Network (STDN) 
which supports Earth orbital missions; the Deep Space Network 
(DSN) which primarily supports planetary and interplanetary 
flight missions; and the Space Network includinq the Tracking and 
Data Relay Satellite System ( T D q S )  which will provide. all low 
Earth orbital mission support when it becomes fully operational. 
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Launch mission support 

This activity supports the development of launch and mission 
support capabilities, principally at the Johwon Space Center (JSC) 
and Kennedy Space Center (KSC). This budget contains funding re- 
quired to conduct the necessary modifications to the KSC ground 
support equipment to return to flight status, such as improving the 
external tank hydrogen vent system on the launch pad, installation 
of debris traps in the main propulsion system propellant lines and 
new support equipment for the redesigned solid rocket boosters. 

runway end barriers for the current, and one additional, contingen- 
cy/abort landing site. Capability improvements have been added 
for weather prediction and information handling to improving 
system monitoring, notably for anomaly tracking. A shift in priori- 
ty in the ground systems replacement/refurbishment program, con- 
sistent with the Rogers Commission recommendations, has delayed 
improvements to the Mission Control Center and accelerated im- 
provements in the simulation training facility including new host 
computers and associated interface controllers. Funding also is in- 
cluded for a “kit” to allow the modification of a k i n g  747 into a 
(second) Shuttle Carrier Aircraft (SCA), thus reducing the potential 
downtime impact of this major single point of failure. 

In fBcai year 1988, the launch site equipment activity includes 
finalizing the return-to-flight status modifications in the KSC 
ground support equipment associated with the vehicle and launch 
processing facilities. Activities are also under way to improve the 
capability to support the flight rate requirements a t  KSC. 

Mission operations capability funding in fmcal year 1988 provides 
for completion of replacement of the host computers and selected 
critical items for the Shuttle training simulators. Fiscal year 1988 
is the initial year in the efforts to procure a fourth Shuttle Train- 
ing Aircraft (STA), to reengine the Shuttle Carrier Aircraft (SCA) 
and to replace ADP and other hardware in the Software Produc- 
tion facility. Continuing projects include the procurement of the 
Shuttle Carrier Aircraft (SCA) mod kit and improvements to 
weather prediction, information handling, and mission control sys- 
tems. 
Propulsion Systems 

Propulsion Systems provide for the production of the Space Shut- 
tle main engines (SSME), the implementation of the capability to 
support operational requirements, and anomaly resolution for the 
SSME, solid rocket booster (SRB), and external tank (ET). The 
SSME program includes the production of the main engines re- 
quired for the orbiter fleet, the procurement of spares, ground test- 
ing operations, development and certification activities to improve 
operating margins, reliability and durability, and anomaly resolu- 
tion capability. The SRB program includes a major redesign, devel- 
opment and qualification effort for the solid rocket motors to im- 
prove safety margin and correct the deficiencies that led to the 
Challenger accident. The SRB program also includes a thorough re- 
evakitioii of the h o & i  liardivare, redesigfi of the hardware fcr 
reusability and operational cost reductions, and procurement of 

Fu,rding hiis keii iiic1r;ded h i  additionn! !anding nids 2nd 

A. SHUTTLE PRODUCTION AND OPERATIONAL CAPABILITY- 
$1,150,600,000 

The Committee authorizes $1,150,600,000 for fiscal year 1988 for 
Shuttle Production and operational Capability. This is $79 million 
less than the Presldents budget request. 

Summary of fiscal year 1988 funding Ieuels 
Orbiter omrational capability .................................................................... $324,200,000 

Propulsion systems ....................................................................................... 552,100,000 
Changes and systems upgrading ........................................... 

Launch and mission support ...................................................................... 249,200,000 

25,000,000 

1,150,600,000 Total shuttle upgrading and operational capability ................... 

Orbiter opera tiona 1 capa bi 1 i ty 
With the recent loss of Challenger (OV-0991, our primary objec- 

tive is to return the three orbiter fleet to safe flight in fiscal year 
1988. This will provide safe and reliable access to space for EASA, 
the Department of Defense and certain domestic and international 
users of space, In support of this objective, orbiter production ac- 
tivities include the necessary safety modifications identified by the 
Rogers Commission and the post-Challenger accident review proc- 
ess and the development and installation of necessary hardware, 
software and procedural modifications. Also, work continues on im- 
provements to achieve greater operational capabilities, reduce oper- 
ational costs, and meet system requirements. 

The structural spares program initiated in fiscal year 1983 pro- 
vided the foundation for a production of a replacement orbiter with 
a delivery date planned for mid-1991. A new set of structural 
spares was proposed by the Administration in fiscal year 1988 in 
order to sustain the capability to produce another uehicle, in addi- 
tion to providing additional spares for inventory. Pending further 
review of the Nation’s space transportation requirements and the 
role expendable launch vehicles will play in that system, the Com- 
mittee has deferred initiation of this program in fiscal year 1988. 

The procurement and fabrication of the orbiter spares inventory 
is ongoing. A concerted effort has been made to better define the 
spares requirements and production capability a t  various vendors. 
A study is under way to determine logistics depot and maintenance 
requirements. 

In fiscal year 1988, orbiter funds provide for the procurement of 
a logistics capability including establishing an inventory of spares 
to support operations requirements, the continuation of previously 
approved systems improvement programs, necessary safety modifi- 
cations identified as a result of the Challenger accident review 
process, completing the existing set of structural spares to support 
the production of a replacement orbitcr, xx! the engineering analy- 
sis and integration support for the increasing flight rate. Orbiter 
funding also provides for orbiter support activities such as the 
remote manipulator system, the on-board flight software, and po- 
tential implementation of a crew escape system during orbiter con- 
trolled gliding flight. 
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manufacturing tooling and equipment to support the projected 
flight rate. In the ET program, the objectives are to support recov- 
ery activities and the return to safe flight. Systems support primar- 
ily provides for the testing of the SSME in the main propulsion test 
article configuration. 

The solid rocket booster (SRB) funding requirements support the 
redesign and qualification efforts necessary as a result of the 
Challenger accident. Based upon the investigation results of the 
failure and the actions recommended by the Rogers Commission, a 
complete reassessment of the certification program on all hardware 
and a redesign of the solid rocket motor joint configurations are 
under way. Indepth reviews of the systems failure mode and ef- 
fects analysis (FMEA), operational procedures and the design of 
critical hardware on the critical items list (CIL) is being conducted 
and changes will be implemented as necessary. Extensive testing 
will be conducted of all design alternatives under conditions that 
accurately simulate the launch environment to insure that the 
final design meets the program safety and performance require- 
ments. A second SRM static firing test stand is being provided to 
assure the capability to initiate the flight program in fiscal year 
1988. All necessary hardware replacement on refurbishments will 
be procured to support resumption of flight activities and the 
planned build-up in flight rate. Funding is also included for alter- 
native source procurement studies for the advanced solid rocket 
motor (ASRM). The filament wound case (FWC) program is being 
deferred as a result of the extensive changes being considered in 
the basic SRB program and the Air Force’s decision to defer activa- 
tion of the Vandenberg launch site. FWC funding is provided 
through completion of the structural test program. 

In systems support, capability is being maintained for the full 
power level test of three clustered engines in the National Space 
Technology Laboratory (NSTL) main propulsion test stand in early 
1989. This test will provide for a verification of the main propul- 
sion system operations at full power level using the main propul- 
sion system test hardware mounted in the aft end of the simulated 
orbiter. 

The funding request for the fiscal year 1988 budget is based upon 
resumption of the flight program in February 1988-a date that 
was recently slipped to June 1988-and the design, test, and certifi- 
cation of the propulsion hardware for flight. A complete reassess- 
ment of the program is included. It consists of a thorough review of 
the FMEA/CILs and recertification of all flight hardware to assure 
compliance with flight requirements. The SSME program will con- 
tinue production of flight hardware and the development programs 
including necessary improvements to the current configuration and 
the alternate turbopump programs. The SRB program will com- 
plete the redesign of the solid rocket motors and be recertified 
prior to the first flight. The external tank program will complete 
the FMEA/CIL reviews and continue the efforts to develop process- 
ing improvements to reduce the cost of manufacturing tanks, the 
continued installation of rate tooling to support the future flight 
rates and overhaul of the barges used to transport finished tanks 
from Michoud to the launch sites. 

Changes and Systems Upgrading 
The Changes and Systems Upgrading budget represents the esti- 

mated requirement for potential changes and systems modifica- 
tions and unanticipated developments which are not included in 
the program element budget estimates. Such funds are necessary to 
provide for programmatic and technical changes, such as modifica- 
tions to the flight hardware to improve systems reliability, safety 
and performance; changes and upgrading of ground systems to 
reduce turnaround time between missions, and replacement/modi- 
fication of hardware elements to achieve increased operating econo- 
mies. 

The funding requested for fiscal year 1988 will provide for those 
changes which are considered to have the highest priority. The o b  
jectives are to improve reliability, increase operating safety mar- 
gins and efficiency, and reduce costs. 

Space Shuttle Production and Operational Capability-Committee 
Comments 

Restoring the Space Transportation system to flight readiness is 
the highest priority for NASA in fiscal year 1988. Therefore, the 
Committee has authorized $1,150.6 million for Space Shuttle Pro- 
duction and Operational Capability for fiscal year 1988. In addition, 
in Section 111, the Committee has authorized “such sums as may 
be necessary” for the Administrator to take the necessary steps to 
return safely the space shuttle fleet to flight status. These monies 
are authorized in anticipation of a fiscal year 1988 NASA Budget 
Amendment for additional anomaly resolution activities and 
Rogers Commission recommendations. 

The only change made to the Space Shuttle Production and 
Operational Capability budget request by the Committee was the 
deletion of $79 million of funding for the structural spares pro- 
gram. This decision was based on the fact that until there is a final 
determination as to how and what mix of expendable launch vehi- 
cles, including an Advanced Launch System, will be used to meet 
the Nation’s space transportation requirements, funding of struc- 
tural spares would be premature. The Committee is well aware of 
the original intent of the structural spares program and recognizes 
the value of the existing structural spares to the construction of a 
new orbiter. However, at this time, the Committee does not feel 
that funding for this initiative is warranted in fiscal year 1988. 

The most immediate concern to the Committee is the restoration 
of the space shuttle fleet to flight status. Successful implementa- 
tion and verification of the proposed anomaly resolution activities 
and Rogers Commission recommendations are the critical elements 
of this area of the program. 

In general, the Committee is pleased with NASA’s effort in this 
regard. However, the Committee agrees with the National Re- 
search Council Panel for the Technical Evaluation of the Redesign 
of the Space Shuttle Solid Rocket Booster that the real barometer 
of the success of the anomaly resolution orogram will be the out- 
come of the proposed test program. Since the first full-scale test is 
not scheduled until August 1987, it is still premature for the Com- 
mittee to comment on these activities. 



The Committee remains convinced that NASA should fully in- 
volve the solid rocket motor industry in the solid rocket motor re- 
design and test activities. However, the Committee is still uncer- 
tain that NASA is pursuing this matter as virogously as the Com- 
mittee desired. Restoration of the space shuttle fleet to flight status 
is a national priority, and no available resource should be over- 
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NASA fully understands the Committee’s position on this matter. 
Meanwhile, the Committee intends to closely review anomaly 

resolution activities and implementation of the Rogers Commis- 
sion’s recommendations. An oversight hearing to iook at these and 
other related issues will be conducted during this summer. The 
Committee also intends to review closely the fscal year 1988 
budget amendment for anomaly resolution activities and to provide 
funds for critical activities related to the safe return of the shuttle 
to flight status. 

Despite the fact the Committee is anxious to see the space shut- 
tle return to flight, the Committee recognizes the need for the Ad- 
ministrator’s recent decision to slip the flight date from February 
until June 1988. The conduct of a “wet” countdown test and a 
Flight Readiness Firing Test is a prudent decision that should help 
hone the skills of the launch team. 

The Committee looks forward to the receipt of a new manifest as 
soon as possible and hopes the proposed delay wil not have an ad- 
verse impact on major space science payloads. The Committee also 
supports the more by NASA toward more realistic flight rates for 
1988 and 1989. 

For the mid-term, the critical issue is the successful implementa- 
tion of an Advanced Solid Rocket Motor (ASRM) program. The 
Committee is pleased that NASA submitted an ASRM program to 
the Committee on March 31, 1987 and that a Request for Proposals 
for Phase B studies was released on May 29. However, the Commit- 
tee will reserve its final judgment on the proposal until after it has 
conducted an oversight hearing. In general, the Committee feels 
that an ASRM program that provides added reliability and per- 
formance, with the emphasis on the former and not the latter, is a 
step in the right direction. The Committee also feels strongly that 
NASA cannot depend upon the redesigned solid rocket motor, a 
technical fix to a design flaw, for the long-run. However, the Com- 
mittee does have concerns about the proposed extension of the cur- 
rent contract and the proposal for a government-owned, contractor- 
operated facility to manufacture the ASRM. 

Based on the Committee’s review of the available data, it does 
not believe the Second Sourcing of the redesigned motor is now 
warranted. The emphasis should be directed to an Advanced Solid 
Rocket Motor as has been properly done by NASA. 

For the long-term, the Nation must begin to make some decisions 
about the space transportation network of the future. The space 
shuttle fleet has a limited life expectancy and will need to be re- 
piaced. Kew generations of expendabie iauncn venicies wiii need io 
be developed that dramatically reduce the cost of transportation. 
The dilemma confronted by the Committee is that it is trying to 
restore the existing space transportation infrastructure: while si- 
multaneously trying to lay the foundation for the future. Unfortu- 
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nately, a clear set of requirements has not yet been made available 
to the Committee in terms of the future space transportation re- 
quirements. The Committee requests that NASA and DOD provide 
such a set of requirements to assist in its determination and 
strongly suggests that the final National Space Transportation Ar- 
chitecture Study be released to the appropriate Congressional Com- 
-; ttonr 
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B. SPACE TRANSPORTATION ~ P E R A T I O N S - $ ~ , 8 8 ~ , 8 ~ ~ , ~ ~ ~  

The Cnmmittne authorizes 21.885,800.000 for fiscal year 1988 for 
Space Transportation Operations. 

Flight Operations .......................................................................................... $561,100,000 
Flight Hardware ........................................................................................ 923,100,000 

1,885,800,000 

Fdnding for Shuttle Operations is normally combined with the 
reimbursements for Shuttle launch services received from other 
U.S. government, commercial, and international users to  support 
the launch and flight operations requirements of the Space Shuttle. 
However, in fiscal year 1988 there are no anticipated reimbursa- 
bles due to policy changes and the grounding of the space shuttle 
fleet. 

The Flight Operations activity is divided into three major ele- 
ments: mission support, integration, and support. Mission support 
includes training, flight operations activities and a wide variety of 
planning activities ranging from operational concepts and tech- 
niques to detailed systems operational procedures and checklists. 
Integration includes launch support services and sustaining engi- 
neering for orbiter systems, cargo analytical integration, and sys- 
tems integration. The support element includes base operational 
support at JSC and systems support activity a t  JSC, Headquarters, 
and the Goddard Space Flight Center. 

The Flight Hardware program element provides for: the procure- 
ment of external tanks (ET), solid rocket motors, booster hardware, 
and propellants; spare components for the Space Shuttle Main 
Engine (SSME); orbiter spares; ET disconnects, logistics support for 
the ET, SRB, and SSME flight hardware elements; and mainte- 
nance and operations of flight crew equipment. 

Launch and Landing Operations provides for the pre-launch 
preparation, launch, and landing operations of the Shuttle and its 
cargo. Also, liquid propellants used in launch operations are pro- 
vided for in this budget. 

There are currently no planned reimbursable funds for Shuttle 
Operations in either fiscal year 1987 or 1988. It is anticipated that 
reimbursable funding wi!! resume in the future as the shuttle 

The Expandable Launch Vehicle iELVi program provides for the 
procurement of expendable launch vehicles and launch support 
services. The only planned NASA launch .is for the COBE ,space- 
craft which will utilize a Delta launch venicle maae avallaDle Dy 

Summa,? of fiscal year 1988 funding 

Launch and Landing Operations ............................................................. 401,600,000 

Total Space Transportation Operations. ..................................... 

fight rnte !xi!& ‘Lp. 
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using reimbursements for residual vehicle hardware made avail- 
able to other users. 
Flight Operations 

The Flight Operations portion of the Shuttle Operations budget 
continues to support that activity predominately associated with 
the effort a t  JSC to plan for and conduct the on-orbit portion of 
STS missions from launch to landing. The functions are essentially 
the same as in the past: maintain and operate all the ground facili- 
ties necessary for flight preparation and execution, and to instruct 
the flight and ground controller crews; maintenance and operation 
of proficiency, training and orbiter ferry aircraft and to perform 
analyses and operation of the mission planning necessary to con- 
duct and control each mission. It also includes the sustaining engi- 
neering required to integrate all flight and ground elements and to 
assure systems safety and integrity; the analytical integration of 
the payloads into the orbiter and the planning to assure compat- 
ibility and verification of interfaces; and support of crew operations 
and training programs. Orbiter engineering manpower continues 
the required support of procedure and hardware modifications re- 
sulting from the FMEAXIL reviews in addition to the sustaining 
engineering activities that ensure maintainability, reliabillty, and 
anomaly resolution during operations. 
Flight Hardware 

The Flight Hardware program element provides for the procure- 
ment of external tank (ET), the manufacturing and refurbishment 
of solid rocket booster (SRB) hardware and motors, spare corn 
nents for the main engine (SSME); orbiter spares includin ET E 
main engine flight hardware elements; and maintenance and oper- 
connects, sustaining engineering and logistics support for 4 TISRBI 

ation of flight crew equipment. 
In fiscal year 1988 requirements for orbiter flight spares, crew 

epuipment spares, and logistics are based on estimates  that^ consid- 
e; piojected flight rates, maintenance schedules, operational hours, 
turnaround times, and lead times to procure or repair flight hard- 
ware. The budget provides replenishment line and shop replaceable 
units, as well as the manpower to support the overhaul and repair 
activity for the orbiter, extravehicular maneuvering unit and other 
crew equipment. The flight equipment processing contract (FEPC) 
which was initiated during fiscal year 1986 is continuing its build 
up to full capability to support the projected flight rates. Main 
engine hardware provides for manufacturing and delivery of over- 
hauled engines, engine component spares and flight support. Flight 
hardware requirements activity for the SRB and ET include the 
procurement of the materials and labor required for refurbishment 
and fabrication of units which will be flown during fiscal year 1988, 
as well as the support of the production of units which will be 
flown thereafter. 
Launch and Landing Operations 

Launch and Landing Operations provides for the manpower and 
materials to process and prepare the Shuttle flight hardware ele- 
ments for launch as they flow through the ground processing facili- 

ties a t  KSC. These services are primarily provided by means of 
three separate operations contracts. 

Operation of the launch and landing facilities and equipment a t  
KSC is the primary function of the Shuttle Processing Contractor 
(SPC). Base support to the Shuttle program is provided by the Base 
Operations Contract (BOC1 which is responsible for operations s u p  
port functions such as printing and graphics, calibration of instru- 
mentation, and evaluation, test and modification to launch support 
equipment, and other launch support services included in this 
budget are maintenance and repair of the central data subsystem, 
which supports both Shuttle processing as an on-line element of 
the launch processing system, range support provided by the DOD, 
Shuttle related data management functions such as work control 
and test procedures, and purchase of equipment, supplies and serv- 
ices not related to the Shuttle Processing Contractor. 

The Payload and Ground Operations Control (PGOC) is the major 
contract for the payload processing activities including Spacelab 
and Space Station payload processing at KSC. 

Launch operations funding in fiscal year 1988 provides for man- 
power and support services necessary for processing launches from 
KSC. This includes manpower to process the build-up of the SRB’s, 
mate the boosters and tanks; process the orbiter; mate the orbiter 
to the integrated SRB’s and tank; process and checkout integrated 
flight elements through launch; retrieve the SRBs for refurbish- 
ment; and support landing of the orbiter either at KSC or at a con- 
tingency landing site when required. Funding also supports the 
manpower required for sustaining engineering, spares provisioning, 
logistics, launch processing system operation and maintenance, and 
maintenance/modifications of all other Shuttle-related ground s u p  
port equipment and facilities. 

Payload and launch support funding provides propellants for 
launch operations and base support, and contractor support for the 
assembly of individual payloads into a total cargo. 

Space Transportation Operations-Committee Comments 
The Committee authorizes $1,885.8 million for Space Transporta- 

tion Operations. This is the same as the President’s budget request 
and reflects the Committee’s strong support of activities critical to 
the restoration of the space shuttle fleet to flight status. 

The Committee is very supportive of and most interested in the 
changes that are being made in the space shuttle launch and land- 
ing operations programs. Many of these changes stem from the rec- 
ommendations of the Rogers Commission and the NASA Manage- 
ment Study Group and are designed to increase flight safety and to 
improve the launch decisionmaking process. 

The Committee notes with concern the events surrounding the 
recent Atlas Centaur failure and hopes that NASA fully under- 
stands the importance of its personnel to any launch process. The 
Committee also expects to see a significant improvement in the 
weather forecasting capabilities and in the communications be- 
tween Air Force and NASA personnel, along with a clarification of 
launch commit criteria for the Kennedy Space Center prior to the 
launch of any orbiter or expendable launch vehicle. 



As noted in the prior section, the Committee anticipates addi- 
tional fiscal year 1988 budgetary requirements for anomaly resolu- 
tion activities, including Space Transportation Operations. The 
Committee, therefore, has provided “such sums as may be neces- 
sary” for these additional activities. It is the Committee’s intent to 
include a specific amount for these activities before final action IS 
completed on the fiscal year 1988 NASA Authorization Bill. 

SPACE &NS) Gpnr_lNn NETWORKS; ~ ~ M M I J N I C A T I O N S  AND DATA 
sYSTEMS-$944,900,000 

The Committee authorizes $944,900,000 for fiscal year 1988 for 
ground networks, communications and data systems. This is $4 mil- 
lion less than the President’s budget request. 

Summary of fucal year 1988 funding kwls 
Space Network .............................................................................................. $481,500,000 
Ground Networh ........................................................................................ 257,100,000 
Communications and Data Systems .......................................................... 210,300,MM 

Total Space and Ground Networks, Communications and 
Data Systems ...................................................................................... $948,900,000 

I The Administrator of NASA is given discretion to apply a general reduction of S4 million to 
thls total amount of funding. 

The purpose of this program is to provide vital tracking, teleme- 
try, command, data acquisition, communications and data process- 
ing support to meet the requirements of all NASA flight projects. 
In addition to NASA flight projects, support is provided on a reim- 
bursable basis for projects of the DOD, other Government agencies, 
commercial firms, and other countries and international organiza- 
tions engaged in space research. 

The Space Tracking and Data Network (STDN) will provide 
Earth orbital support until the Tracking and Data Relay Sa@kte 
System (TDRSSj-becomes operational. At that time the STDN 
phase down will continue with the closure of several ground sta- 
tions. The Deep Space Network (DSN) under the management of 
the Jet Propulsion Laboratory (JPL), provides support to geosyn- 
chronous, highly elliptical, and planetary and solar system explora- 
tion missions, as well as support to those spacecraft, now in low- 
Earth orbit, which are not compatible with TDRSS. 
Space Network 

The Space Network consists of the Tracking and Data Relay Sat- 
ellite System (TDRSS) and a number of NASA ground elements to 
provide the necessary tracking, telemetry, command, and commu- 
nications services to low Earth orbital spacecraft. The TDRSS 
itself, when fully operational, will consist of a three satellite con- 
stellation including an on-orbit spare in geostationary orbit and 
ground facilities located at  White Sands, New Mexico. From the 
White Sands location, satellite and ground communication links 
interconnect the NASA elements of the network and any remotely 

crease in the orbital coverage compared to the eight existing 
ground stations. 

kiitei: iisei f~ii:itie~. The TDRSS i ~ i i  provide B iieai!y aiz-fdd in- 

The fiscal year 1988 request includes funding for: repayment of 
the loans extended by the Federal Financing Bank for TDRSS de- 
velopment: maintenance and operation of the White Sands complex 
and other NASA elements of the network; support activities such 
as systems engineering, documentation and mission planning; 
equiprnenr. modification and replacement: analytical studies to 
define the spacecraft required for the next generation TDRSS; the 
procurement of an additional TDRS spacecraft and long-lead parts 
from TRW to replace the sparerraft lnst i n  the C.ha!!e,?gc ~e5der . t  
and provide the option for an additional spacecraft; and the imple- 
mentation of a second ground terminal a t  White Sands. 

The TDRS-1 was launched in April 1983, and since that t,ime it 
has supported Shuttle missions. The TDRS-2 was destroyed in the 
Challenger accident in January 1986. The four remaining spacecraft 
are undergoing modifications to be compatible with Shuttle safety 
requirements and are in various stages of construction, assembly 
and retesting. Launch of the next TDRS is expected to occur in 
June 1988 on the first Shuttle mission when flights resume. The 
launch date of the third TDRS is currently under review. Once 
these two spacecraft have been successfully launched and the 
system achieves operational status, TDRS-1 will become the on- 
orbit spare. 

Due to the aging of the equipment and the necessary replace- 
ment of major subsystems and components in the existing TDRSS 
ground terminal, a second TDRSS ground terminal will eventually 
be required, necessitating an alternate means of conducting net- 
work operations while the replacement activity is underway. The 
addition of a second ground terminal will provide the necessary al- 
ternative means for continuing operational support while the exist- 
ing terminal is down during the replacement. 

At  the same time, because the design of the current terminal is 
limited to full operation of two TDRS spacecraft, a second terminal 
will also provide the additional flexibility to operate more space- 
craft if, as anticipated, NASA and DOD mission requirements 
exceed the two satellite operations capability in the mid-1990’s. 
Ground Networks 

The Ground Networks provide support to three broad categories 
of missions: earth orbital spaceflight; planetary and solar system 
exploration; and aeronautics, balloons, and sounding rockets. Earth 
orbital support is provided primarily by the Spaceflight Tracking 
and Data Network (STDN), a network of eight geographically dis- 
persed ground stations. The Deep Space Network, with ground sta- 
tions located a t  three sites approximately 120 degres apart in longi- 
tude, provides support to the planetary and solar system explora- 
tion missions as well as earth orbital missions not supportable by 
TDRSS. Aeronautics, balloons and sounding rocket research is sup- 
ported by especiplly instrumented ~ Z F -  s- ::.c!! ns mabi!e sys- 
t.ems. 

Funding for the Ground Networks provides for operation and 
maintenance of the worldwide tracking facilities, engineering sup- 
pori, aid tile procurement of hardware and software to sustain and 
modify network capabilities. The workload in fiscal year 1988 will 
include support to the Space Shuttle and support to ongoing mis- 

e- 



sions such as Dynamic Explorer (DE), International Ultraviolet Ex- 
plorer (IUE), and Solar Maximum Mission (SMM). Preparations 
will be underway for the upcoming 1989 VoyageNeptune encoun- 
ter and future planetary missions including Galileo, Ulysses, Ma- 
gellan, and Mars Observer. Aircraft test programs will also be s u p  

The fiscal year 1988 request includes funds to operate all eight 
STDN stations and to upgrade equipment systems and subsystems 
at those facilities to be retained after TDRSS is operational. These 
facilities include the Merritt Island, Florida and Bermuda STDN 
stations which provide prelaunch, launch, and shuttle landing s u p  
port, as well as limited orbital support. Also included is the orbital 
tracking facility at the Wallops Flight- Facility which provides or- 

ported. 

bital tracking support. 
The three Deep Space Network (DSN) complex locations-Gold- 

stone. California; Canberra, Australia; and Madrid, Spain-are a p  
proximately 120’ degrees apart in longitude to permit continuous 
viewing of planetary and solar system spacecraft. After completion 
of the project in 1988 to expand the diameter of the 64-meter an- 
tenna dishes to 70 meters, each complex will have four antennas: 
one Wmeter, two 34-meter and one 26-meter. A centralized control 
center for the network is located at the Jet Propulsion Laboratory 
(JPL) In Pasadena, California. 
Communications and Data Systems 

Funds requested for the Communications and Data Systems pro- 
gram provide for the implementation and operation of facilities 
and systems which are required for data transmiasion, mission con- 
trol and data processing support. 

Major activities underway include the implementation of: (1) a 
mission control and data capture system for the Hubble Space Tel- 
escope and (2) mission control and data processing capabilities for 
support of upcoming missions such as Spacelabs, Gamma Ray Ob- 
servatory (GRO) and Upper Atmosphere Research Satellite WARS) 
In addition, studies have been initiated to evaluate Space Station 
support requirements. 

Space lhcking  and Data Acquisition-Committee Comments 
The Committee authorizes $944.9 million for Space Tracking and 

Data Acquisition for fiscal year 1988. This is $4 million less than 
the President’s budget request. This reduction is a general reduc- 
tion to be applied at the discretion of the Administrator. 

The Committee is most supportive of NASA’s Space Tracking 
and Data Acquisition program and is well-aware of the critical 
value of this program to the success of the nation’s space program. 

The Committee has fully authorized the fmal  year 1988 budget 
request for the replacement of the Tracking and Data Relay Satel- 
l i te  (TRDS) lost in the Challenger tragedy and feels that the deploy- 
ment of this system is a high priority. 

The Committe expects to be kept fully informed of any develop 
ments in this area and of any changes to the current program. 
Meanwhile, the Committee anxiously awaits the launch of a TDRS 
satellite on the first flight of the space shuttle in June 1988. 

180 
D. EXPENDABLE LAUNCH VEHICLE OPERATIONS-$~OO,OOO,OOO 

The Committee authorizes $100,000,000 for fiscal year 1988 for 
expendable launch vehicle operations. No monies were requested 
for this activity by the President in his budget request. The Com- 
mittee recognizes this initiative as a high priority and feels that 
NASA must have a mixed fleet capability. 

Expendable Launch Vehicle Operations-Committee Comments 
The Committee authorizes $100 million for Expendable Launch 

Vehicle Operations for fiscal year 1988 to initiate the procurement 
of expendable launch vehicles (ELVs). This line item is a new 
start” initiated by the Committee in recognitidn of the need to 
expand the national launch capability and to preserve the space 
shuttle fleet for these critical missions that require its unique capa- 
bilities. The Administration requested no fiscal year 1988 funds for 
ELVs for NASA. However, NASA is currently preparing a fiscal 
year 1988 budget amendment for submission to the Office of Man- 
agement and Budget for the procurement of expendable launch ve- 
hicle services. The Committee assumes the Administration will en- 
dorse this amendment since it provides funding for a critical na- 
tional requirement. 

Prior to 1984, the national policy was phase-out the government’s 
use of ELVs and to rely upon the space shuttle for the launch of 
government payloads. At the end of 1985, this policy underwent a 
major revision when DOD expressed grave concerns about the lack 
of an alternative launcher to serve national security requirements. 
DOD then initiated the procurement of ten Complementary Ex- 
pendable Launch Vehicles, now referred to as Titan IVs. 

In the aftermath of the Challenger disaster, the fabric of the 
ELV policy has totally dissolved. The Air Force has doubled the 
procurement of Titan IVs, increased the refurbishment of Titan IIs, 
and entered into an agreement for an initial buy of 12 Delta 11s. 
DOD Also has submitted a fiscal year 1987 supplemental apprc- 
priations request for a Heavy Lift Vehicle or Advanced Launch 
System. Meanwhile, the only ELV procured by NASA in this same 
period has been a single Delta for the Cosmic Background Explorer 
Mission. Several comprehensive studies were conducted within and 
and outside of NASA highlighting the requirements for ELVs for 
civil payloads, and NASA’s May 15 announcement of a plan to ac- 
quire ELV services for NASA missions is responsive to the conclu- 
sions of these studies. 

In light of the convincing empirical evidence which reveals the 
need for NASA to maintain a Mixed Fleet capability, the Commit- 
tee has initiated an Expendable Launch Vehicle Operations pro- 
gram in fiscal year 1988. The Committee also strongly endorses the 
proposed change to the fiscal year 1987 Operating Plan that would 
establish the framework for this initiative. 

The Committee drew strongly upon the NASA Advisory Council 
“Report of the Task Force on Issues of a Mixed Fleet” and the 
Office of Space Flight “Report of the NASA Mixed Fleet Study 
Team” in proposing this new ELV initiative. In general, the Com- 
mittee supports the recommendations and findings of both of these 



reports and feels that they formulate a very pragmatic space trans- 
portation policy and recovery program for NASA. 

The Committee feels strongly that in implementing its initiative, 
NASA should incorporate a diversified family of launchers into the 
NASA space flight program. The Committee also advises NASA 
that its budgeting and planning should be more realistic and not 
always based upon a best-case scenario. Some level of problem gen- 
eration and standdowns (wheihar post-accident or iiieie!y prccnz- 
tionary) should be assumed at the flight rate anticipated by NASA 
during the next decade. 

The committee was most pleased with NASA's May 15th. an- 
nouncement of a plan to acquire ELV services for NASA missions. 
The major objective of the NASA plan is to accelerate the deploy- 
ment of the Nation's backlog of space science missions-an initia- 
tive whole heartedly endorsed by the Members of this Committee. 

Despite the fact that a formal request has yet to be submitted to 
the Committee, the Committee agrees in principal with the recent- 
ly announced NASA plan and is pleased that NASA may augment 
existing DOD ELV contracts as well as secure separate launch 
services agreements. While the Committee generally requires 
NASA to utilize a competitive procurement process for the acquisi- 
tion of hardware or services, it would endorse a limited noncom- 
petitive procurement of ELVs in the near-term to best match avail- 
able ELVs and already designed payloads and mission require- 
ments. 

The Committee feels that its ELV initiative is a critical element 
of the Nation's space transportation restoration program and an 
important first step toward the creation of a robust Mixed Fleet. 

III.4ONSTRUCTION OF FACILITIES-$210,700,000 
The Committee authorizes $210,700,000 in fiscal year 1988 for the 

Construction of Facilities. This is $15.2 million more than the 
President's budget request. 

The Construction of Facilities (CoF) appropriation provides con- 
tractual services for the repair, rehabilitation and modification of 
existing facilities; the construction of new facilities; the acquisition 
of related facility equipment; the design of facilities projects, and 
advance planning related to future facilities needs. 

The funds requested for 1988 provide for: the continuation of 
prior year endeavors in meeting the facilities requirements for 
Space Flight and the Space Station Programs; modification of aero- 
nautical research and develop facilities; repair, rehabilitatlon and 
modification of other facilities to maintain, upgrade and improve 
the usefulness of the NASA physical plant; minor construction of 
new facilities; facility planning and design activities; and environ- 
mental compliance and restoration. 

The projects and amounts in the budget estimate reflect Space 
Flight requirements that are time sensitive to meet specific mile- 
stones. Other program requirements for 1988 include the construc- 
tion of a spacecraft systems deveiopmenr and iniegraiiuu faciLty as 
well as modifications for utility reliability at the Goddard Space 
Flight Center; construction of an integrated test facility a t  Dryden 
Flight Research Faci!ity; modifications to the Hypersonic Propul- 
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construction of an addition to the Research Analysis Center and 
modifications for Fan/Compressor Research to the Engine Re- 
search Building at  the Lewis Research Center; and the construction 
of a Communications Development Antenna at  Goldstone, Califor- 
nia. 

The fiscal year 1988 program continues to meet the objectives of 
preserving and enhancing the capabilities and usefulness of exist- 
ing facilities and ensuring safe economical and efficient use of the 
NASA physical plant. This request continues the necessary reha- 
bilitation and modification program begun in prior years and con- 

restore facilities to a condition substantially equivalent to their 
originally designed capability. The minor construction program 
continues to provide a means to accomplish smaller facility projects 
which accommodate changes in technical and institutional require- 
ments. The Environmental Compliance and Restoration Program 
will assure that statutory environmental requirements will be met 
and any necessary remedial action promptly taken. 

Funds requested for facility planning and design cover advance 
planning and design requirements for potential future projects, 
master planning, facilities studies, engineering reports and studies 
and the preparation of facility project design drawings and bid 
specifications. 

The $29,700.200 authorized for Constraction of Facilities 
projects in fiscal year 1988 is for the following activities: 

(1) Construction of LC 39 Operations Support Building, Ken- 
nedy Space Center, $17,000,000; 

(2) Construction of Spacecraft Systems Development and In- 
tegration Facility, Goddard Space Flight Center, $8,600,000; 

(3) Modifications for utility reliability, Goddard Space Flight 
Center, $2,900,000; 

(4) Construction of Integrated Test Facility, Dryden Flight 
Research Facility, $10,500,000; 

( 5 )  Modifications to Hypersonic Propulsion Facility for 
Vacuum Systems, Langley Research Center, $3,100,000; 

(6) Construction of addition to the Research Analysis Center, 
Lewis Research Center, $9,800,000; 

(7)  Modifications for Fan/Compressor Research, Engine Re- 
search Building, Lewis Research Center, $6,500,000; 

(8) Construction of Communications Development Antenna, 
Goldstone, California, Jet  Propulsion Laboratories, $6,400,000; 

(9) Repair of facilities a t  various locations, not in excess of 
$750,000 per project, $25,000,000; 

(10) Rehabilitation and modification of facilities at various 
locations, not in excess of $750,000 per project, $32,000,000; 

(11) Minor construction of new facilities and additions to ex- 
isting facilities a t  various locations, not in excess of $500,000 
per project, $8,000,000; 

(121 Environmenta! compliance and restoration, $23,900,000; 
( 1 3  Repair and mnd~rnizatinr? of the 12-fnnt p r e s s i i r ~  wind 

tunnel a t  the Arnes Research Center, $41,000,000; and 
(14) Facility planning and design not otherwise provided for, 

$16,000,000. 
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Construction of Facilities-Committee Comments 
The Committee authorizes $210.7 million for Construction of Fa- 

cilities activities in fiscal year 1988. This increase of $15.2 million 
to the President’s budget requet is the result of two specific actions 
by the Committee. 

First, without prejudice, the Committee has decided to delay the 
initiation of space station facilities activities until fmal  year 1989. 
This one year delay is consistent with the revised schedule that 
NASA has formulated and with the Space Station Program Office’s 
facilities requirements. The proposed delay affects four projects and 
results in a fiscal year 1988 savings of $25.8 million. 

Second, the Committee has provide aa additional $41 million in 
fiscal year 1988 to initiate Phase I of the repair and modernization 
of the 12 foot pressure wind tunnel a t  the NASA Ames Research 
Center. 

The 12 foot pressure wind tunnel, constructed in 1944, has been 
one of the worlds premier subsonic wind tunnels and has played a 
major role in the development of every U.S. commercial and mili- 
tary aircraft design since 1960. During a recent inspection of the 
pressure shell, major cracks were discovered, and the wind tunnel’s 
use was greatly restricted to prevent a catastrophic failure. At 
present, the tunnel is of no real value to industry or the develop 
ment of aircraft such as the Boeing 767, the McDonnell Douglas 
MD-11, and DODs Advanced Tactical Fighter. 

The Committee strongly supports the repair and modernization 
of this facility in a timely manner and feels it is a national priori- 
ty. The Committee instructs NASA to initiate Phase I activities in 
fiscal year 1988 with an anticipated completion date of March 1991. 
The design monies for these activities should be provided in fucal 
year 1988 pursuant to a provision contained in the pending fiscal 
year 1987 Supplemental Appropriations bill. 

Meanwhile, review of these two changes being prescribed by the 
Committee has surfaced another issue-the overall health and 
well-being of the infrastructure of our civil aeronautical and space 
program. While a great deal of time and energy has been focused 
on R&D programs and transportation systems, the Committee fears 
that the rehabilitation and modernization of the facilities critical 
to the success of these programs have not kept pace with the R&D 
programs and transportation systems. It is with great anticipation, 
therefore, that the Committee awaits submission of NASA’s Five 
Year Plan for Construction of Facilities, and is hopeful that NASA 
will recognize the importance of rehabilitation and modernization 
of these facilities. 

1V.-RESEARCH AND PROGRAM MANAGEMENT- 
$1,608,000,000 

The Committee authorizes $1,608,000,000 for fiscal year 1988 for 
Research and Program Management, including the $10 million au- 
thorized in Title I1 for the National Space Grant College and Fel- 
lowship Program. This is $10 million more than the President’s 
budget request which reflects the inclusion of the Space Grant Col- 
lege and Fellowship Program initiative. 

1 8 2  
The Research and Program Management appropriation provides 

funds for the performance and management of research, technolo- 
gy and test activities a t  NASA installations, and the planning, 
management and support of contractor research and development 
tasks necessary to meet the Nation’s ongoing objectives in aeronau- 
tical and space research. The objectives of the activities funded by 
the Research and Program Management appropriation are to (1) 
provide the civil service staff with the technical and management 
skills to conduct the full range of programs for which NASA is re- 
sponsible, (2) provide base maintenance of facilities and manage its 
use in support of research and development programs, and (3) pro- 
vide effective and efficient technical and administrative support for 
the research and development programs . 

The Research and Program Management appropriation provides 
funding for the 22,425 permanent and temporary civil service work- 
years (FTE) at eight major installations and Headquarters-an in- 
crease of 625 FTE from 1987. This civil service workforce is 
NASA’s most important resource and is vital to future space and 
aeronautics research activities. About seventy percent of the Re- 
search and Program Management appropriation provides for the 
salaries and related costs of this civil service workforce. Three per- 
cent of this appropriation is used for travel, critical to manage suc- 
cessfully the agency’s in-house and contracted programs. The re- 
maining amount of the Research and Program Management appro- 
priation provides for the research, test and operational facility s u p  
prt, and for related goods and services necessary to operate effi- 
ciently and effectively the NASA installations and to accomplish 
NASA’s approved missions. 

NASA field centers report to the Program Associate Administra- 
tor responsible for the major portion of their technical programs. 
The principal roles assigned to each installation, based on demon- 
strated capabilities and capacities to meet NASA’s overall program 
goals, are as follows: 
Offwe of Space Flight 

Johnson S ce Center.-Management of the Space Shuttle pro- 
gram, inc luGg orbiter production and operation; selection and 
training of astronauts and mission specialists; Space transportation 
System Operations including mission plannin operational proce 
dures and flight control; and management o f t h e  selected Space 
Station hardware and subsystems development and operations 
planning and definitions. 

Kennedy S p  Center.--Launch of Space Shuttle flights; man- 
agement o f t  e ground operational phase of the Space Trans rta 
tion System; the preparation and launch of payloads on the 
Shuttle and expendable launch vehicles, and Space Station oper- 
ational readiness planning. 

ce Shut- 
tle main engme, solid rocket booster and external tanpprojects; 
management of NASA’s activities on the Spacelab project; manage 
ment of large automated spacecraft projects such as the Hubble 
Space Telescope; conduct and development of experiments in mate- 
rials processing in space; and management of selected Space Sta- 
tion hardware and subsystems. 

Marshall S p e  Flight Center.-Management of the S 
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The Committee authorizes $1,598.0 million for Research and Pro- 

gram Management in fiscal year 1988. In addition, the Committee 
has authorized $10 million additional in Title I1 to accommodate 
the initiation of the National Space Grant College and Fellowship 
Program in fiscal year 1988. The total amount of funding available 
to NASA, therefore, is $1,608.0 million. 

iiie ~ i i i i i i i ~ k e  11- iung I ~ I L  LIML IAASA s IWY asset has ’men it 
talented and dedicated managers, scientists, and engineers. Howev- 
er, the Committee fears that not enough emphasis has been placed 
by NASA or the Congress on developing the next generation of 
qualified scientists and engineers, as more than 56 percent of 
NASA’s current technical base are civil servents over age 45. 

To address this deficiency, the Committee has included the provi- 
sions of the National Space Grant College and Fellowship Program 
Bill, S. 752, as Title I1 of S. 1164, the fiscal year 1988 NASA Au- 
thorization Bill. The principal purposes of this act are to: 

(1) increase the understanding, assessment, development, 
and utilization of space resources by promoting a strong educa- 
tional base, responsive research and training activities, and 
broad and prompt dissemination of knowledge and techniques; 

(2) utilize the capabilities and talents of the universities of 
the Nation to support and contribute to the exploration and 
development of the resources and opportunities afforded by the 
space environment; 

(3) encourage and support the existence of interdisciplinary 
and multidisciplinary programs of space research within the 
university community of the Nation, to engage in integrated 
activities of training, research and public service, to have coop 
erative programs with industry, and to be coordinated with the 
overall program of the National Aeronautics and Space Ad- 
ministration; 

(4) encourage and support the existence of consortia, made 
up of university and industry members, to advance the explo- 
ration and development of space resources in cases in which 
national objectives can be better fulfilled than through the pro- 
grams of single universities; 

(5) encourage and support Federal funding for graduate fel- 
lowships in fields related to space; and 

(6) support activities in colleges and universities generally 
for the purpose of creating and operating a network of institu- 
tional programs that will enhance achievements resulting from 
efforta under this act. 

To accomplish these objectives, the Administrator of NASA is 
provided a n  additional $10 million authorization in fiscal year 
1988, to be equally divided between the (1) space grant college pro- 
gram and (2) the new space fellowship program. 
As provided for in the amendment offered by Senator Danforth 

to S. 1164, the “Administrator shall not under this title designate 
any spsce grsnt ce!!egc si space gract r e g h a !  consorti.;m er 
award any fellowship, grant, or contract unless such designation or 
award is made in accordance with the competitive, merit-based 
review process employed by the Administration, i.e., National Aero- 
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National Space Technology Laboratories.-Space Shuttle engine 
testing; Earth resources research and technology transfer; and pro- 
vision of support service functions for other government agencies 
located on site. 
Office of Space Science and Applications 

Goddard Space Flight Center.-Development and operation of 
Earth orbital flight experiments and automated spacecraft to con- 
duct scientific investigations and demonstrate practical applica- 

agement of the Delta Launch vehicle program; management and 
launch of sounding rockets and balloons; operation of an instru- 
mented flight range for aeronautical and space research; and devel- 
opment of the Space Station platforms and payload accommoda- 
tions. The Wallops Flight Facility is an operational element and 
component installation of the Goddard Space Flight Center. 
Office of Aeronautics and Space Technology 

Ames Research Center.-Conduct of activities involving experi- 
mental and theoretical aerodynamics research, computational fluid 
dynamics, aeronautical flight research and testing, rotocraft tech- 
nology, short and vertical takeoff and landing technology, technolo- 
gy for transatmospheric vehicles, planetary probe research, life sci- 
ences, human factors, autonomous systems, guidance and control, 
and operation of an alternate landing site for the space shuttle 
operational missions. The Dryden Flight Research Facility, and 
operational element and component installation of Ames located in 
the Mojave Desert, is the site of advanced flight testing and shuttle 
landings. 

Langley Research Center.-Conduct of subsonic aircraft research 
and technology, emphasizing fuel conservation, safety and environ- 
mental effects; hypersonic propulsion; experimental and theoretical 
aerodynamics; environmental quality monitoring by remote sens- 
ing; advanced space systems technology; and research in the areas 
of structures and materials, guidance and controls, and airframe/ 
propulsion integration of the transatmospheric research and tech- 
nology program. 
Lewis Research Center.-Conduct of aeronautical and space pro- 

pulsion research and technology, including propulsion for the 
transatmospheric research and technology program; space commu- 
nications research and technology; space energy systems research 
and technology; development of the space station power system; 
and management of expendable launch vehicle programs. 

The fiscal year 1988 budget request for Research and Program 
Management provides for (1) personnel and related costs, including 
the full year cost of January 1987 pay raise and the estimated cost 
to implement the new Federal Employees Retirement System 
(FERS); (2) travel; and (3) the operations of NASA installations in- 
cluding facilities services, technical services and management and 
operations. 
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nautics and Space Administration, on the date of enactment of this 
Act.” 

In implementing the Danforth Amendment, the Committee ex- 
pects NASA to apply Section 107 of the bill to the Space Grant Col- 
lege and Fellowship Program (Section 107 of the bill instructs 
NASA to consider distributing its research and development funds 
on a geographical basis, where feasible). 

The Committee recognizes that a conflict may exist between the 
Danforth amendment and any desire to distribute grants, awards, 
and fellowships on a geographical basis. The intent of the Danforth 
amendment is to ensure that Federal tax dollars are spent in the 
most efficient and productive manner possible. Furthermore, this 
amendment recognizes the government’s responsibility to the tax- 
payer to ensure that the award of grants, contracts, and fellow- 
ships are made to the most competent and qualified individuals 
and universities possible. Yet, the Committee recognizes the bene- 
fits of developing a broader university space research infrastruc- 
ture. Therefore, the Committee expects to be kept informed as to 
the award of contracts, grants, and fellowships under the Space 
Grant College and Fellowship Program and the manner in which 
they are awarded. 

The Committee also instructs NASA to utilize the Space Grant 
College and Fellowship Program to broaden, where practical and 
desirable, the range of universities involved in space related re- 
search and development activities and to distribute these fellow- 
ships across a broad range of disciplines. The intent of the Space 
Grant College and Fellowship Program is not to concentrate activi- 
ties among a few centers of higher education and their graduate 
students. The purpose of the program is to utilize the capabilities 
and talents of the universities of the entire Nation and to increase 
the understanding, assessment, development, and utilization of 
space resources by promoting a strong educational base. 

Title I1 of S. 1164 is not specific as to whether the Space Grant 
College and Fellowship Program should be funded from within 
NASA’s existing research and education program funds or as an 
augmentation to NASA’s budget. While S. 1164 accommodates the 
College and Fellowship Program as an augmentation to NASA’s ex- 
isting research and education program funds, it is the Committee’s 
intent that in future years the College and Fellowship Program 
should, likewise, not be funded from within NASA’s existing re- 
search and education program funds. 

The Committee is pleased to see the augmentation of critical 
skills in the NASA workforce with the addition of 625 new civil 
service job slots in the fiscal year 1988 budget request. These addi- 
tional slots should greatly increase the safety, reliability, and qual- 
ity assurance capabilities and engineering skills of the agency. 

For fiscal year 1988, the Committee earmarks $250,000 of the 
funds authorized for Research and Program Management for ac- 
tivities associated with organizing the national and international 
aspects of the International Space Year (ISY). These monies are to 
be divided equally between NASA’s Office of External Relations 
and the Office of Space Science and Applications. 

Office of Commercial Space Transportation-Section 108 
The Committee has authorized $4,550,000 for the operation of the 

Ofice of Commercial Space Transportation within the Department 
of Transportation in Section 108 of S. 1164. This is the same as the 
President’s budget request and is consistent with the provisions of 
S.  1173, the Administration’s fiscal year 1988 budget request that 
was included in the NASA Authorization bill. 

The Office of Commercial Space Transportation was established 
pursuant to Public Law 98-575, with the specific purpose of initiat- 
ing the regulatory activities necessary for commercial space trans- 
portation operations. These activities include safety research and 
planning, licensing procedures, inspection operations and risk man- 
agement. 

In light of the advent of the marketing of commercial launch 
services by U.S. firms, this Office should face increased require- 
ments in fscal year 1988 in order to accommodate the approval of 
these launches. For this reason, the Committee provides the Ad- 
ministration’s request. However, the Committee expects to see an 
increase in technical proficiency of this Office as a result of the sig- 
nificant increase over the f w a l  year 1987 operating plan. 

The Committee is also concerned about the delay in the final a p  
proval of the range use agreement with the U.S. Air Force. This 
agreement is essential to the success of any commercial launch 
effort. The Committee, therefore, expects to be informed of any im- 
pePiments which may exist to prevent the formal completion of 
thls agreement. The Committee is sensitive to the complexity of 
the issues surfaced by such an agreement and feels strongly that 
the final agreement must both protect U.S. interests and assist this 
nascent industry. Once again, it is clear that government/industry 
cooperation is required if a commercial launch industry is to 
emerge. 

National Aeronautics and Space Council-Section 109 
Section 109 of the bill authorizes the reestablishment of a Na- 

tional Space Council within the Executive Office of the President. 
The Council would be composed of the Vice President as Chairman, 
the NASA Administrator, and the Secretaries of State, Defense, 
Commerce, and Transportation. The functions of the Council would 
be to advise the President on all space policy matters and to coordi- 
nate civilian space activities with national security space activities. 

In addition, a nine member User Advisory Group would be cre- 
ated and would provide advice on space policy from the perspective 
of the users. The Group would be composed of nine non-federal r e p  
resentatives from aerospace, science and other related fields and 
shall from time to time meet with the Chairman. 

The Council also would be assisted in performing its duties and 
functions by a professional staff of not more than seven members. 

A provision identical to Section 109 of the fiscal year 1988 NASA 
Authorization was included in the fiscal year 1987 NASA Authori- 
zation bill that was agreed to by the House of Representatives but 
vetoed by the President in the 99th Congress. One of the bases for 
the veto was the inclusion of the National Space Council in the Au- 
thorization bill and a belief on the part of the President that the 



language impinged on his authority over the composition of the Ex- 
ccutive Qffiie of tiit. President. Tnis ianguage was reintroduced in 
the 100th Congress as S. 504, by Senators Riegle, Hollings, Gore, 
Kerry, Rockefeller, Adams, Pressler, and Bentsen. 

The Committee has included this language as a reflection of its 
deep concern about the lack of effective space policymaking in the 
government. The National Security Council has nominal control 
over interagency space policy but has failed on several occasions to 
provide adequate dirertion, fncns OT casrdinatic-. Sui n&ofiA 
space program is a resource and endeavor that warrants and de- 
serves the highest priority within the Administration. Moreover, 
decisions and policies affecting our %;ace program must be made in 
2 tix-c!g 2nd respoiisibk iiiaiiiiei . I ne committee's concern is re- 
lated to the difficulty, over the past two to three years, of our space 
policymaking process to resolve effectively and in a timely manner 
particular issues that have been crucial to the conduct of our civil- 
ian space program. 

At the time this provision was originally included in the fiscal 
year 1987 NASA Authorization bill, the Committee was deeply con- 
cerned about a space policymaking apparatus that placed the re- 
spective agency interests above the national interests. The events 
surrounding the shuttle pricing policy decision, the commercializa- 
tion of expendable launch vehicles, and the determination to pro- 
cure a replacement orbiter for the space shuttle Challenger, point- 
ed to an unacceptable deficiency that had to be corrected. The 
Presidential veto of the fiscal year i967 NASA Authorization bill, 
however, precluded a legislative remedy to this problem. 

Since the time of the Presidential veto, November 14, 1986, the 
situation has not improved. The confusion associated with the cost, 
schedule and configuration of the space station program and the 
fiscal year 1987 supplemental request for a heavy lift launch vehi- 
cle (HLLV), now referred to as an Advanced Launch System, mani- 
fests the same symptoms that were of concern to the 99th Con- 
gress. The existing space policymaking apparatus seems incapable 
of resolving conflicts in a timely manner. The existing space policy- 
making process either has to be altered dramatically or a new proc- 
ess, with greater visibility and a dedicated staff, needs to be estab 
lished. This Committee supports the latter option and feels the ap- 
propriate starting point is the exact same language that was vetoed 
by the President. 

The Committee believes that actions must be taken now to create 
more coherence and consistency to the civilian space program. It is 
impossible for several different agencies within the government to 
maintain independent space programs. The costs in terms of ineffi- 
ciency and budget are simply too great. In the Committee's opin- 
ion, a National Space Council, under the direction of the Vice 
President, could produce a more rational and balanced space 
policy. The Council performed a function similar to this during the 
early days of the space program with great success. In addition, the 
Council may elevate space and issues to a much higher level of in- 
terest and visibility than in recent years and thereby cast these 
i s w e s  i n  terms cf n czti~nn! p r i ~ r i t y .  

The Committee recognizes that the establishment of the Council 
will not, in and of itself, remedy all of the existing problems within 

the space program. It could, however, provide the necessary focus, 
motivation and policymaking framework to resolve the current dif- 
ficulties, allocate resources in a sensible fashion, and provide the 
impetus to move the space program toward future successes. 

Amendment to the National Aeronautics and Space Act of I958 to 
Authorize the Acceptance of Gifts and Donations-Section 110 

S. 503 would permit NASA to accept conditional sifts and dona- 
tions from private citizens and corporations. This bill was intro- 
duced on February 5, 1987, by Senators Riegle, Hollings, Gore, 
Kerry, Rockefeller, Nickles, Danforth, Pressler, and Bentsen. 

I11c: ULII WUUIU peril& ciiizens io contriiiuie to a specific activity 
within NASA, such as the construction of the new space shuttle. 
Currently, such donations cannot be accepted and dedicated strictly 
to one purpose. The need for this legislation emerged in the after- 
math of the Challenger disaster when NASA was receiving contri- 
butions from various groups, organizations and individuals to buy a 
new orbiter. Presently, there are roughly $29,000 in this category, 
primarily the result of the Nickels for NASA program. 

In addition, the bill would require that the new name for the or- 
biter be selected from names submitted by school children who 
spearheaded them fund raising effort with the Nickels for NASA 
program. 

To facilitate consideration of this amendment. in a timely fash- 
ion, S. 503 has been incorporated into S. 1164, the fiscal year 1988 
NASA Authorization bill, as Section 110. 

International Space Year-Committee Comments 
The International Space Year (ISY), which will extend from 1992 

through 1994, is an initiative of the United States Congress that 
has gained support from NASA, the President, foreign nations, and 
International scientific organizations. For the past two years, Con- 
gress has urged NASA to intensify its efforts on behalf of them 
ISY; and NASA, in association with the National Academy of Sci- 
ences and other relevant agencies, has been successful in laying a 
solid foundation for the ISY in the United States and abroad. ISY 
planning committees have been established in many nations, in- 
cluding the United States and the other major space powers. The 
International Committee on Space Research (COSPAR) and its 
parent body, the International Council of Scientific Unions (ICSU), 
the chief coordinating agent for the immensely successful Interna- 
tional Geophysical Year (IGY) of 1957-58, have established ISY CO- 
ordinating committees. The ISY's promising evolution offers posi- 
tive testimony to United States' leadership in world space activi- 
ties. 

The Committee strongly supports the ISY and has earmarked 
$250,000 in the Research and Program Management account to 
assist in the organization of the national and international aspects 
Qf the MY. 
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Title 11-National Space Grant College and Fellowship Program 
Committee Comments 

Title I1 of the bill establishes the National Space Grant College 
and Fellowship Program and authorizes $10 million for each of 
fiscal years 1988 and 1989 and $15 million for each of fiscal years 
1990 and 1991 to carry out this new program. The purpose of this 
program is to promote activities in colleges and universities that 
will increase the understanding, assessment, development and utili- 
zation of space resources, and expand the educational, scientific 
and research base in all space-related fields. 

The Committee has found that NASA’s currents to attract and 
recruit scientists and engineers to fill its ranks is sporadic and inef- 
fective. In the 1960’s NASA supported an average of 500 doctoral 
students per year. The current program supports about 80 stu- 
dents. More than 56 percent of NASA’s engineers and scientists, 
for example, are over the age of 45. Thus, it is clear that NASA is 
not creating nor maintaining a base of talent to draw upon as the 
older generation nears retirement. 

NASA’s professional corps has been the single most important 
factor in the successes of our space program. Throughout the early 
years, thousands of the nation’s brightest minds came to NASA to 
be a part of that historic effort. The Committee is deeply concerned 
that NASA has lost the ability to attract the diversity and the cali- 
ber of scientists and engineers vital to the success of the future 
space program. 

To address this deficiencv. the Committee has included the Na- 
tional Space Grant College“ and Fellowship Program in the fiscal 
year 1988 NASA Authorization bill. The Committee has modeled 
this program after the Sea Grant college program, which has been 
a successful multidisciplinary effort involving the academic, gov- 
ernmental, and industrial communities. The Sea Grant program 
has produced a cadre of young scientists dedicated to marinerelat- 
ed issues. The Committee believes that this approach can also be 
successful in space activities. The language requires that grants 
provided by NASA be matched by private contributions. This will 
ensure a continuing level of interest and participation by a broad 
spectrum of our nation in the space program. 

Thus, the Committee is most anxious to begin the implementa- 
tion of this program. The legitimate concerns of NASA have been 
addressed, with respect to administrative flexibility. Other con- 
cerns with respect to regional balance are also reflected in the lan- 
guage of the title. 

The Committee strongly believes that the National Space Grant 
College and Fellowship program will be an important step in our 
common effort to revitalize the nation’s space program. 

During markup of the NASA Authorization bill, an amendment 
to the Space Grant College and Fellowship Program was proposed 
by Senator Danforth and accepted. The exact language contained 
in this amendment and the Committee’s interpretation are con- 
tained in the Committee Comments for Research and Program 
Management. 

The Final Space Grant College and Fellowship Program provi- 
sions contained in Title I1 of this bill are identical to those con- 
tained in S. 752, with the exception of the Danforth Amendment. 

Title III-Amendments to the Land Remote Sensing 
Commercialization Act of 198.4 

S. 502, a bill to amend the Land Remote Sensing Commercializa- 
tion Act of 1984, was introduced on Februrary 5, 1987, by Senators 
Riegle, Hollings, Gore, Kerry, Rockefeller, Adams, and Bentsen. 

This bill consists of technical amendments to the Land Remote 
Sensing Commercialization Act that would clarify the Congression- 
al intent with regard to the distribution of experimental data and 
its use by research and development organizations. The bill also 
would permit system operators to restrict the reproduction or dis- 
semination of unenhanced data by foreign or domestic users. 

The same language as contained in S. 502 was passed by the 
House and Senate during the 99th Congress. Unfortunately, this 
bill was incorporated into the fiscal year 1987 NASA Authorization 
bill that was vetoed by the President. 

To facilitate consideration of these amendments in a timely fash- 
ion. S. 502 has been incorporated into S. 1164, the fiscal year 1988 
NASA Authorization bill, as Title 111. 

ESTIMATED COSTS 
In accordance with paragraph ll(a) of rule XXVI of the Standing 

Rules of the Senate and section 403 of the Congressional Budget 
Act of 1974, the Committee provides the following cost estimate, 
prepared by the Congressional Budget Office: 

US. CONGRESS, 

Washington, E, May 21, 1987. 
CONGRJLWONAL BUDGET OFFICE, 

Hon. ERNEST F. HOLLINGS, 
Chairman, Committee on Commerce, Science, and Transportation, 

US. Senate, Dirksen Senate Office Building, Washington, DC. 
DEAR MR. CHAIRMAN: The Congressional Budget Office has pre- 

pared the attached cost estimate for S. 1164, the National Aeronau- 
tics and Space Administration Authorization Act of 1988. 

If you wish further details on this estimate, we will be p l e d  to 
provide them. 

With best wishes, 
Sincerely, 

EDWARD M. GRAMLICH, 
Acting Director. 

CONCRFSSIONAL BUDGET OFFICE COST ESTIMATE 
1. Bill number: S. 1164. 
2. Bill title: National Aeronautics and Space Administration Au- 

thorization Act of 1988. 
3. Bill status: As amended and ordered reported by the Senate 

Committee on Commerce, Science, and Transportation on May 14, 
1987. 



4. Biil purpose: T'nis biii authorizes the appropriation of an esii- 
mated $9,961 million in fiscal year 1988 for the ongoing activities of 
the National Aeronautics and Space Administration (NASA). In ad- 
dition, the bill initiates the National Space Grant College and Fel- 
lowship program within NASA and authorizes the appropriation of 
$10 million in each of fiscal years 1988 and 1989 and $15 million in 
fiscal years 1990 and 1991 for the making of grants under that pro- 
gram. 

The fiscal year 1988 authorization specified in the bill for NASA 
totals $9,621 milion. The bill also authorizes the appropriation in 
fiscal year 3988 of such sums as map be necessarv to return the 
shuttle fleet to flight status. Of the specified authorization, $3,721 
million is for research and development, $4,081 million is for space 
flight, control, and data communication, $211 million is for con- 
struction of facilities, and $1,608 million is for research and pro- 
gram management. 

In addition to the NASA authorizations, the bill authorizes the 
appropriation of about $4.6 million for the Office of Space Commer- 
cialization in the Department of Transportation. The bill also 
amends the Land Remote-Sensing Commercialization Act of 1984. 

5. Estimated cost to the Federal Government: The following table 
shows funding amounts specifically authorized by S. 1164 and esti- 
mated outlays based upon these amounts. 

[By IwdI pn. m millam of dollan] 

1988 I989 I990 1991 1992 

speciled authorizatm level. 

Functmn 400. 
Function 250. Ciiilim space. .................................... 8,854 9 IO 0 15.0 15.0 ......... 

Aecanautla ...................................... 766.1 .......................................................... 
h m e r c i a l  rpace ........................................ 4 6 ..................................................... 

Total specifled authMiZatiOns.. ............................ 9.625.6 10.0 15.0 15.0 . . . .  
Estirnatedoutlays ......................................... 6,5078 2,1615 678.6 47.0 16.1 

In addition, the bill authorizes the appropriation of such sums as 
may be necessary in.fisca1 year 1988 to return the shuttle system 
to operational flight status. Based upon preliminary information, 
the estimated authorization level and estimated outlays associated 
with this requirement would be as Shawn in the table below. 

[By liydl p r s .  m m 1 l m  ol  dollan] 

1988 1989 1990 1991 1992 

Estimated authorization level 350 0 
tstimaled outlap 2468 819 213 

The table below shows the total authorization and outlay levels 
for S. 1164. 

1988 1989 1990 1991 1997 

9 9 7 5 6  100 150 150 
67516 2 8 4 6 4  7000 4 7 0  1 6 1  

TOW authaizatm h l s  (specifled and estimaled) 
TOW crlautd outlap 

Including outlays from previous years' appropriations, total 
NASA outlays in fiscal year 1988 are estimated to be $9.996 mil- 
lion, assuming appropriation of the amounts authorized in this bill. 

The costs of this bill fall within budget functions 250 and 400. 
Basis of estimate: The authorization levels in the first table . .  are 

programs assume that all funds authorized are appropriated prior 
to the beginning of fiscal year 1988 and that spending will reflect 
historical patterns. The outlay estimates for new programs assume 
that spending will follow historical patterns of similar government 
programs. 

The fmcal year 1988 authorization level required to return the 
shuttle system to flight status is a CBO estimate based upon pre- 
liminary information. Estimated outlays are assumed to follow his- 
torical spending patterns for shuttle system operations. 
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6. Estimated cost to State and local governments: None. 
7. Estimate comparison: None. 
8. Previous CBO estimate: None. 
9. Estimate prepared by: Paul M. DiNardo. 
10. Estimate approved by: James L. Blum, Assistant Director for 

Budget Analysis. 

REGULATQRY IMPACT STATEMENT 
In accordance with paragraph ll(b) of rule XXVI of the Standing 

Rules of the Senate, the Committee provides the following evalua- 
tion of the regulatory impact of the legislation. 

Primarily, this bill authorizes the appropriation of funds for the 
conduct of space and aeronautical research and development activi- 
ties to carry out the policy and purpose of the National Aeronau- 
tics and Space Act of 1958. These activities are conducted in NASA 
laboratories, by NASA personnel and through contracts with indus- 
try, universites, and research institutions for research and develop 
ment and for supporting scientific and technical services. The Com- 
mittee has concluded that the nature of these activities is such that 
there is no regulatory effect on individuals and businesses and no 
effect on individual privacy. 

The bill also authorized the appropriation of funds for the Office 
of Commercial Space Transportation in the Department of Com- 
merce and establishes a National Space Grant College and Fellow- 
ship Program. The Office of Commercial Space Transportation li- 
censes and regulates the commercial expendable launch vehicle in- 
dustry in order to protect the public health and safety and comply 
with existing United States treaty and international law obliga- 
b.uII.,. u * i A b c  W * O ~  G I ~ L L L W  LO reduce tile reguiaiory burden and 
paperwork requirements on the industry, and the Committee's 
action represents the reauthorization of an existing program. 
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As for the National Space Grant College and Fellowship Pro- 
gram, it builds on an existing NASA program and does not repre- 
sent a burdensome regulatory regime. Recipients of the grants, 
awards, contracts, or fellowships will be expected to comply with 
the guidelines that are promulgated. 

The Office of Commercial Space Transportation and the National 
Space Grant College and Fellowship Program have no effect on in- 
dividual privacy and should not have an unacceptable regulatory 
effect on the individuals or businesses who choose to participate. 

None of the above mentioned programs would have an inflation- 
ary impact, and the only additional paperwork requirement would 
be the submission of applications for the National Space Grant Col- 
lege and Fellowship Program. 

SECTION-BY-SECTION ANALYSIS 

TITLE I 
SECTION 101 

The short title of title I is the “National Aeronautics and Space 
Administration Authorization Act, 1988”. 

SECTION 102 

This section authorizes $9.621 billion for the National Aeronau- 

These monies are distributed to four appropriations accounts: 
1. Research and Deuelopment.--$3.721 billion for space sta- 

tion, space science and applications, space transportation capa- 
bility development, commercial programs, aeronautical re- 
search and technology, transatmospheric research and technol- 
ogy and space research and technology. 

The major assumptions in this area are full funding for the 
space station in fiscal year 1988, restoration of funding for the 
Advanced Communications Technology Satellite program, and 
initiation of a new Civilian Space Technology Initiative. 

2. Space Flight Control and Data Communications.-$4.081 
billion for space shuttle production and operations capability, 
space transportation operations, space tracking and data acqui- 
sition, and expendable launch vehicle operations. 

The major assumptions in this account are deferral of fund- 
ing for the structural spares program for a fifth orbiter pend- 
ing further assessment of the expendable launch vehicle pro- 
gram and the new advanced launch system program; and initi- 
ation of a ELV procurement program at NASA for NASA pay- 
loads that would be based on a quid pro quo with the Air Force 
or a launch service agreement with a commercial operator. 

3. Construction of Facilities.--$0.210 billion for a variety of 
repair, rehabilitation and new construction activities required 
for a robust civilian space program. 

The major assumptions in this account are that the space 
station facilities can be delayed one year because the overall 
program has been delayed for that period of time, and the pri- 
ority status of repairing the 12 foot wind tunnel a t  the NASA 

tics and Space Administration in fiscal year 1988. 

Am= &search Center. This tunnel is critical to both civil and 
military aircraft development. 

Subsection (h) of this account is also amended to permit 
NASA to expend up to $500,000 for modifications to GSAcon- 
trolled facilities. Formerly the cap was $100,000 but this pre- 
cluded upgrading the health care unit and auditorium at  
NASA Headquarters. 

4. Research and Program Management.-$1.598 billion for all 
civil service staff, maintenance of facilities and support of R&D 
programs and contract activities, and technical and adminis- 
trative support of research and development programs. 

The major assumptions in this account are that NASA will 
increase the civil service employee base by 625 new slots and 
that the Space Grant College and Fellowship program will be 
initiated in fiscal year 1988. Of these new jobs, 270 are for 
Headquarters, 25 for the Inspector General’s Office, 128 for the 
Johnson Space Center, 27 for the Kennedy Space Center, 160 
for the Marshall Space Flight Center, and 15 for the National 
Space Technology Lab. 

’ d8 

SECTIONS 103, 104, AND 105 

These sections establish strict parameters for the Administrator 
of NASA concerning the amount of flexibility he/she has with con- 
struction of facilities activities, the transfer of funds from one ac- 
count to another, and the use of funds for activities not approved 
by the Committee. These provisions are included in the NASA Au- 
thorization bill each and every year. 

SECTION 106 

This section reiterates the Committee position that the space sta- 
tion may be used only for peaceful purposes. This language is con- 
sistent with existing US. treaty obligations (the Outer Space 
Treaty) and current law-P.L. 99-170. This language permits DOD 
research and development activities on the space station. 

SECTION 107 

This section instructs NASA to distribute its research and devel- 
opment funds on a geographical basis where possible. The Commit- 
tee annually legislates this requirement and feels it is in the na- 
tional interest. 

SECTION 108 

This section authorizes $4.55 million for fiscal year 1988 for the 
Office of Commercial Space Transportation in the Department of 
Transportation. This Office oversees the regulation and licensing of 
commercial expendable launch vehicle activities and was estab- 
lished by this Committee pursuant to P.L. 98-575-the Commercial 
Space Launch Act. The level authorized is the Administration’s re- 
quest. 

SECTION 109 

This section amends the National Aeronautics and Space Act of 
1958 to reestablish the National Space Council. The Council would 
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be located within the White House and chaired by the Vice-Presi- 
dent. It  would include the representatives of NASA, and the De- 
partments of Defense, State, Commerce, and Transportation. It 
would be the function of the Council to advise the President on 
space policy matters and to coordinate civilian activities with those 
ir. thc! notional secgritg wens This Cectlnn alsn pmvides for the 
creation of a nine member (non-Federal) User Advisory Group that 
would meet with the Vice President a t  least once a year and gives 
the Council the authority to employ a staff of not more than seven 
persons. 

The Council provision was included in last year’s NASA Authori- 
zation bill that was vetoed by the President. 

SECTION 110 

This section amends the National Aeronautics and Space Act of 
1958 to permit the Administrator of NASA to accept conditional 
gifts and donations for the construction of a new space shuttle or- 
biter. 

Currently, NASA may not accept conditional gifts. However, in 
the aftermath of the space shuttle Chullerzger accident, thousands 
of persons made donations to NASA that have been placed in a 
bank account. The current estimates of these “conditional” dona- 
tions is $19,000. 

SECTION 111 

This section indicates that it is the Sense of the Congress that 
the U S .  must promptly restore its space transportation capabili- 
ties, and such restoration must be accomplished without deempha- 
sizing other space programs. 

This section also instructs the Administrator of NASA to take 
such stem as necessarv to return the space shuttle fleet safely to 
flight status. 

Section 111 also authorizes “such sums as may be necessary” to 
meet these requirements. 

NASA is currently in the porocess of reviewing additional fiscal 
year 1988 shuttle anomaly resolution and Rogers Commission rec- 
ommendations that have not been funded in Section 102 of this bill. 
This review is not likely to be completed until the end of May and 
then a budget amendment will need to be prepared, approved and 
submitted to the Congress. 

In anticipation of this request, the Committee has included the 
“such sums language” with the intent of inserting the dollar value 
of the additional requirements if approved by the subcommittee, in 
the bill on the floor of the Senate or in Conference. This language 
gives the Committee this option and does not preclude discussion of 
this matter in Conference. 

SECTION 112  

This section authorizes multi-year contracting authority for 
launch services in order to avoid violation of the Anti-Deficiency 
Act, 31 U.S.C. 1341 et seq., and similar fiscal or other laws and reg- 
ulations which limit the monetary obligation or the contract 
period. Generally, NASA’s non-construction appropriations cover 

no more than two fiscal years. The budget and appropriation proc- 
ess provides funding on an incremental basis and does not include 
sufficient funding to fully fund such launch service contracts which 
foreseeably could require advance payments over several years for 
the construction of the vehicle, and then provide the services for a 
program that could cover a decade. Normally payments for the 
services could not be made until the services are rendered. In such 
situations the termination liability for the construction costs alone 
cou!d exceed the incremental funding provided in the initial fiscal 

The provision to limit launch services to domestic companies is 
intended to foster privatization by providing NASA the necessary 
authority to limit the procurement of launch services to U.S. firms 
when this is in the public interest. Furthermore, this section would 
allow NASA to contract over periods of time and on terms and con- 
ditions which are necessary if those domestic firms are to under- 
take the investment and assume the risks inherent in preparing 
for services that will not be provided for serveral years hence. Ac- 
cordingly, this section authorizes NASA, consistent with its charter 
to seek and encourage the fullest commercial use of space (42 
U.S.C. 2451(c)), to limit the solicitation and award of such contracts 
to domestic U.S. firms, provided it is deemed in the public interest. 
The proviso does not make it mandatory to contract only with d e  
mestic firms regardless of any countermailing circumstances, al- 
though it is expected to have that effect until a domestic commer- 
cial launch industry is firmly established. Without the authority 
given in this section, the full and open competition requirements of 
the Competition in Contracting Act of 1984, P. L. 98-369, and relat- 
ed or similar laws and regulations could impair the development of 
the domestic launch services industry. 

TITLE I1 

PI id appr up1 iaiiuu. 

SECTION 201 

This title may be cited as the “National Space Grant College and 
Fellowship Act”. 

SECTlON 202 

The Congress finds that NASA, through the National Space 
Grant College and Fellowship Program, can best promote commit- 
ment and interest in the understanding and development of space. 

This section notes the purposes of the Act. The principal purpose 
is to eupport activities in colleges and universities that will in- 
crease the understanding, assessment, development, and utilization 
of space resources by promoting a strong educational base, respon- 
sive research and training activities. 

SECTION 203 

SECTlON 204 
m,. ’ 
i i m  aeciiun coniains the definitions that are used in the propos- 

al. 



SECTION 2 11 190 

This section permits other Federal agencies to provide personnel, 
services, and facilities on a reimbursable basis or otherwise to 
assist in carrying out  the provisions of this title. 

SECTION 212 

This section requires the Administrator to submit an annual 
report to the Congress and the President on the activities of the 
national space grant college and fellowship program. 

SECTION 213 

This section requires the Administrator to utilize the competi- 
tive, merit-based review employed by the Administration on the 
date of enactment of this Act in designating any space grant col- 
lege or space grant regional consortium or in awarding of any fel- 
lowship, grant, or contract. 

SECTION 214 

This section authorizes $10 million for the program for each of 
fiscal years 1988 and 1989, and $15 million for the program for 
each of fiscal years 1990 and 1991. 

CHANCES IN EXISTING LAW 
In compliance with paragraph 12 of rule XXVI of the Standing 

Rules of the Senate, changes in existing law made by the bill, as 
reported, are shown as follows (existing law proposed to be omitted 
is enclosed in black brackets, new material is printed in italic, ex- 
isting law in which no change is proposed is shown in roman): 

THE NATIONAL AERONAUTICS AND SPACE ACT OF 1958 

Section 201 of that Act 
SEC. 201. (a) There is hereby established, in the Executive Office 

of the President, the National [Aeronautics and] Space Council 
(hereinafter called the “Council”) which shall be composed of- 

(1) the Vice President, who shall be Chairman of the Council; 
(2) the Secretary of State; 
(3) the Secretary of Defense; 
(4) the Secretary of Transportation; 
(5) the Administrator of the National Aeronautics and Space 

(6) the Chairman of the Atomic Energy Commission[.] mho 

(7) such other members as the President may appoint. 
[(b) The President shall from time to time designate one of the 

members of the Council to preside over meetings of the Council 
during the absence, disability, or unavailability of the Chairman.] 

(6) In the absence of the Vice President, the Administrator shall 
preside over meetings of the Council. 

Administration; and 

shall be the Vice Chairman of the Council; and 

SECTION 205 

This section instructs the Administrator of NASA to establish 
and maintain a national space grant college and fellowship pro- 
gram to provide financial assistance, and to establish long-range 
planning guidelines and priorities, and to adequately evaluate the 
program. 

This section also gives the Administrator the authority to accept 
conditional and unconditional gifts to fund these activities, to 
accept and use Federal funds from other Federal programs and to 
issue rules and regulations as may be necessary and appropriate. 

This section grants the Administrator the authority to make 
grants and enter into contracts to assist any space grant college 
and fellowship program if it supports the purposes of the act set 
out in section 203. It also limits the amount of any grant or con- 
tract to 66 percent of the proposed program except in special cir- 
cumstances. 

SECTION 206 

SECTION 207 

This section instructs the Administrator to identify specific na- 
tional needs and problems relating to space and to make grants or 
enter into contracts with respect to such needs and problems. 
There is no cap on the NASA share of these activities. 

SECTION 208 

This section grants the Administrator the authority to designate 
any institution of higher education as a space grant college and 
any association or other alliance of two or more persons, other 
than individuals, as a space grant regional consortium. 

This section also establishes the requirements needed to be ful- 
filled to obtain such designations, including a balanced program of 
research education, training and advisory services related to space. 

SECTION 209 

This section instructs the Administrator to support a space grant 
fellowship program for qualified individuals a t  the graduate level 
of education in fields related to space. 

The total amount for space grant fellowships shall not exceed 50 
percent of the total funds appropriated pursuant to this title. 

SECTION 210 

This section instructs the Administrator of NASA to establish a n  
independent committee known as the Space Grant Review Panel to 
assist the Administrator in formulating applications and proposals 
for grants and contracts, the space grant fellowship award, the des- 
ignation and operation of space grant college and regional consorti- 
um, the formulation and application of planning guidelines, etc. 



[(c) Each member of the Council may designate another officer 
of his department or agency to serve on the Council as his alter- 
nate in his unavoidable absence.] 

(cj Each member of the Council may designate an  officer of their 
department or agenc-y to serve on the Council (1s their alternative in 
their unavoidable absence. 

(d! Ezch a!t~rnste  ember decignatPd n n d w  snhsect.inn I C I  of this 
section shall be designated to serve as such [by and with the 
advice and consent of the Senate] unless a t  the time of his desig- 
nation he holds an office in the Federal Government to which he 
was appointed by and wiih iiie advice aid Coiij;eiit of the %.na%. 

(e) It shall be the function of the Council to advise and assist the 
President, as he may request, with respect to [the performance of 
functions in the aeronautics and space field, including] the follow- 
ing functions: 

[(l) survey all significant aeronautical and space activities, 
including the policies, plans, programs, and accomplishments 
of all departments and agencies of the United States engaged 
ir, such activities; 

[(2) develop a comprehensive program of aeronautical and 
space activities to be conducted by departments and agencies of 
the United States; 

C(3) designate and fix responsibility for the direction of 
mGor aeronauticai and space activities;. 

[(4) provide for effective cooperation among all departments 
and agencies of the United States engaged in aeronautical and 
space activities, and specify, in any case in which primary re- 
sponsibility for any category of aeronautical and space activi- 
ties has been assigned to any department or agency, which of 
those activities may be carried on concurrently by other de- 
partments or agencies; and 

[(5) resolve differences arising among departments and 
agencies of the United States with respect to aeronautical and 
space activities under this Act, including differences as to 
whether a particular project is an aeronautical and space ac- 
tivity.] 

(1) survey of ongoing civilian space activities; 
(2) review of long-range goals for civilian space activities; 
(3) coordination of civilian space activities among civilian 

agencies and with agencies involved in national security space 
activities; and 

(4) interagency cooperation in civilian space activities. 
( D * *  * 
Igl(li The Council shall establish a Users’ Advisory Group com- 

posed of nine non-Federal representatives of industries and other 
persons involved in space activities. 

(2) The Vice President shall name a Chairman of the Users’ Advi- 
sory Group. 

(3, The Councrl shall from tLme to trme, but not less often than 
once a year, meet wiih ihe i ; s e r s ’ A L i u i ~ r , y  Gi-oiiij. 

14) The funrtion of the Users‘ Advisory Group is to ensure that the 
interests of non-Federal entities involved in space activitres, rnclud- 
ing in  particular commercial entities, are adequately represented in 
the Council. 

SEC. 202.-207. * 
DONATIONS FOR SPACE SHUTTLE ORBITER 

SEC. 208. (a) The Administrator may accept gifts and donations of 
services, money. and real, personal, tangible. and intangible proper- 
ty, and use such gifts and donations for the construction of a space 
shutt!e w b i t r .  

IbXIi The authority of the Administrator to accept gifts or dona- 
tions pursuant to subsection (ai o f  this section shall terminate five 
years after the date of the enactment of this section. 

(21 All gifts and donations accepted by the Admrnlstrator pursu- 
ant to subsection (a) o f  this section which are not needed for con- 
struction of u space shuttle orbiter shall & used by the Administra- 
tor for an appropriate purpose- 

(A) in tribute to the dedicated crew of the space shuttle Chal- 

(B) in furthemnce of the explomtion of space. 
(c) The name of a space shuttle orbiter constructed in whole or in  

part with gifts or donations whose acceptance and use are author- 
ized by subsection (a) of this section shall be selected by the Admin- 
istmtor of the National Aeronautics and Space Administration 
from among suggestions submitted by students in elementary and 
secondary schwls. 

lenger; and 



ADDITIONAL VIEWS OF MR. ADAMS 
The American space program, and the agency which runs it, are 

clearly in trouble. The Challenger disaster revealed technical and 
administrative weaknesses; our response to that tragedy has dem- 
onstrated a continuing inability to correct identified deficiencies in 
both the operation and the design of our space program. 

This bill should help us corrFt  some of those problems. I am 
pleased that the Committee has increased funding for, and empha- 
sis on, expendable launch vehicles; I am also pleased that we have 
denied funding for a fifth shuttle. While I believe we could have 
gone further in each of those areas, I am satisfied that we have at 
least begun to deal with some of the basic questions which need to 
be addressed. As we move further away from the trauma of the 
Challenger, I believe we will be able to more objectively examine 
these issues and make even more dramatic shifts in strategy. 

We need to make dramatic strategic shifts because, if the space 
program continues on its present course, it will fail. And that, I be- 
lieve, would be a disaster. Space exploration is an economic, scien- 
tific, and psychological necessity for this nation. But this vital pro- 
gram will not be able to secure the funding it needs in the furture 
unless it is able to regain the support of the public in the present. 

That support was not lost as a result of the Challenger accident; 
after all, the space program has suffered other setbacks in the past. 
No, public dissatisfaction seems to spring from a sense that the 
program has lost its vision. The American space program is now 
seen as being run by technocrats whose goal is to meet military 
needs; it must once again be perceived as a program headed by vi- 
sionaries who understand the practical consequences of their 
action, but are driven by a quest for knowledge and a love of ad- 
venture. 

In that context, we all recognize that there are practical conse- 
quences associated with space activity. The Soviet superiority in 
space is disturbing: their space station is allowing them to gain 
knowledge that we should have; their Expendable Launch Vehicles 
may allow them to enter a market we could have monopolized; 
their proposed planetary missions will give them a view of the 
cosmos which we must share. But a desire to “keep up” with the 
Soviets is not enough to ensure either public support or govern- 
ment funding. In fact, the uncertain relationship which currently 
exists between DOD and NASA raises profound questions about the 
nature of the program-and those doubts will need to be resolved 
in the near future. My point is simply that our space efforts must 
be motivated by more than a desire to compete with the Soviets; it 
must also be driven by a desire to compete with the best in our- 
selves. 

In my view, the most critical decision facing NASA in the near 
future is not related to the ultimate design of the space station- 

though that is clearly a major issue-but rather to the nature of its 
ultimate mission. The recent resignation of a t  least one critical de- 
cision-maker engaged in evaluating the future options is not a good 
sign in this respect, but the process must continue. NASA must 
produce a vision for the future which takes the space program to 
the edge of the unknown once again. 

At one point, NASA sought to depict shuttle flights as routine 
ventures. That was a mistake. The reality is that no flight into 
space is routine. Space is not an extension of the human environ- 
ment. It is a hostile area which will not forgive mistakes. It is pre- 
cisely that characteristic which makes exploration so necessary 
and gives it the potential to be so inspiring. NASA’s decision about 
the direction it wishes to take will, to a large extent, determine 
just how willing the Congress and the country will be to fund its 
ventures. 

While I endorse this basic thrust of this authorization, and while 
I remain committed to a strong space program, I simply wanted to 
take this opportunity to issue a warning: in a period of fiscal re- 
straint, NASA needs to give us more than another mode of trans- 
portation-it must demonstrate that it has the imagination to 
transport us to the frontiers of human knowledge. Hopefully their 
internal efforts, and this bill, will help produce just such a result. 



PUBLIC LAW 100-147-OCT. 30, 1987 

Public Law 100-147 
100th Congress 

An Act 

To auihorke iiypopriatitns tc thc Nztic?..’ .krona?ltire nnd Space Admmmtration 
for research and development; space flight, control and data communications; 
construction of facilities; and research and program management; and for other 
purposes. 

Be it enacted by the Senate and House of Kepresentattves of the 
United States of America in Congress assembled, That this Act may 
be cited as the “National Aeronautics and Space Administration 
Authorization Act of 1988”. 

TITLE I-AUTHORIZATION OF APPROPRIATIONS FOR THE 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SEC. 101. (a) There k authorized to be appropriated to the Na- 
tional Aeronautics and Space Administration to become available 
October 1, 1987, for “Research and development”, for the following 
programs: 

(1) Permanently manned space station, $767,000,000. 
(2) Space transportation capabiiity development, $553,600,000. 
(3) Phvsics and astronomy, $581,800,000. ~ - ,  ~ . -~ 
(4) Life sciences, $74,600,600. 
(5) Planetary exploration, $320,300,000, of which $42,300,000 

is authorized only for the purpose of preparing the Mars Ob- 
server Spacecraft for launch in 1992 and for procuring spare 
parts for-a Planetary Observer program. 

(6) Space applications, $651,400,000, of which $84,000,000 is 
authorized only for the Advanced Communications Technology 
Satellite. 

(7) Technology utilization, $18,300,000. 
(8) Commercial use of space, $30,700,000. 
(9) Aeronautical research and technology, $387,000,000. 
(10) Transatmorcpheric research and technology, $66,000,000. 
(11) Space research and technology, $234,000,000. 
(12) Safety, reliability, and quality assurance, $16,200,000. 
(13) Tracking and data advanced systems, $18,100,000. 

(b) There is authorized to be appropriated to the National Aero- 
nautics and Space Administration to become available October 1, 
1987, for “Space flight, control and data communications”, for the 
following programs: 

(1) Space shuttle production and operational capability, 
$1,174,600,000, of which $76,000,000 is authorized only for initial 
lay-in spare parts for the space shuttle orbiter. 

(2) Space transportation operations, $1,885,800,000, of which 
$106,700,000 is authorized only for flight spare parts for the 
space shuttle orbiter. 

systems, $924,900,000. 
(3) Space and ground network, communications, and cia& 

(4) Expendable launch vehicle operations, $60,000,000. 

(c) There is authorized tp be appropriated to the National Aero- 193 
nautics and Space Adminlstration to become avculable October 1, 
1987, for “Construction of facilities”, including land acquisition, as 
follows: 

(1) Construction of LC 39 Operations Support Building, Ken- 

(2) Construction of Spacecraft Systems Development and 

(3) Modifications for utility reliability, Goddard Space Flight 

(4) Construction of Integrated Test Facility, Dryden Flight 

(5) Modifications to Hypersonic Propulsion Facility for 
Vaccum Systems, Langley Research Center. $3,100,000. 

(6) Construction of addition to the Research Analysis Center. 
Lewis Research Center, $9,800,000. 
(71 Modifications for Fan/Com reasor Research, Engine R e  

search Building, Lewis Research Anter, $6,500,000. 
(8) Construction of Communications Development Antenna, 

Goldstone,. California,, Jet Propulsion Laboratories, $6,400,000. 
(9) Reptur of facilities at various locations, not in excess of 

$750,000 per project, $25,000,000. 
(10) Rehabilitation and modification of facilities a t  various 

locations, not in excess of $750,000 per project, $32,000,000. 
(11) Minor construction of new facilities and additions to 

emtmg facilities at various locations, not in excess of $500,000 
per project, $8,000,000. 

(12) Environmental compliance and restoration, $23,900,000. 
(13) Repair and modernization of the 12-foot pressure wind 

tunnel at the Ames Research Center, $41,000,000. 
(14) Facility planning and design not otherwise provided for, 

nedy space Center, $22,800,000. 

Tnt~gr~tior? Wci!ity, C d & j ~ d  Space Flight P“nk~r, $g,fioo,noo. 

Center, $2,900,000. 
DluAr-rh V..-;K+.. e r n  cnn nnn 
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(d) There is authorized to be appropriated to the National Aero- 
nautics and Space Administration to become available October 1, 
1987, for “Research and program management”, $1,583,000,000. 

(e) The Administrator is authorized (to the extent provided in an 
appropriation Act) to transfer $22,000,000 from any funds which 
were made available for prior years, and which remain unobligated 
as of the date of the enactment of this Act, except for funds made 
available for Aeronautical and Space Research and Technology, 
Transatmospheric Research and Techno10 rograms, Construction 
of Facilities activities, and Research a n v f h g r a m  Management 
actiwties for the su port of such programs, and use such funds for 
the preparation of tge Mars Observer spacecraft for launch in 1992. 
(0 Notwithstanding the provisions of subsection (h), appropria- 

tions authorized in this Act for “Research and development” and 
“Space flight, control and data communications” may be used for (1) 
any items of a capital nature (other than ac uisition of land) which 
may be required at  locations other than insdlations of the National 
Aeronautics and Space Administration (hereinafter in this title 
referred to as the “Admmistration”) for the performance of research 
and development contracts, and (2) grants to nonprofit institutions 

purpose is the conduct of scientific research, for p u r c L  or 
construction of additional research facilities; and title to such facili- 
$a shall be vested in the United States unless the Administrator of 
me iu’aiionai Aeronautics and Space Administration inereinabr rn 
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this title referred to as the “Administrator”) determines that the 
national program of aeronautical and space activities will best be 
served by vesting title in any such grantee institution or organiza- 
tion. Each such grant shall be made under such conditions as the 
Administrator shall determine to be required to ensure that the 
United States will receive therefrom benefit adequate to justify the 
making of that grant. None of the funds appropriated for “Research 
and development” and “Space flight, control and data communica- 
tions” pursuant to this Act may be used in accordance with this 
subsection for the construction of any major facility, the estimated 
cost of which, including collateral equipment, exceeds $500,000, 
unless the Adminlstrator or the Admmlstrator’s designee has noti- 
fied the President of the Senate and the Speaker of the House of 
Representatives and the Committee on Commerce, Science, and 
Transportation of the Senate and the Commit? on Science, Space, 
and Technology of the House of Representatives of the nature, 
location, and estimated cost of such facility. 

(g) When so specified and to the extent provided in an appropria- 
tion Act, (1) any amount appropriated for “Research and develop 
ment”, for “Space flight, control and data communications”, or for 
“Construction of facilities” may remain available without fiscal year 
limitation, and (2) maintenance and operation of facilities and s u p  
port services contracts may be entered into under the ‘.‘Research and 
program management” appropriation for r i d  not in excess of 12 
months beginning at any time during the & year. 
ch) Appropriations made pursuant to subsection (d) may be used, 

but not to exceed $35,000, for scientific consultations or extraor- 
dinary expenses u g  the approval or authority of the Adminis- 
trator, and the A inistrator’s determination shall be final and 
conclusive upon the accounting officers of the Government. 

(i) Of the funds a propriated pursuant tQ subsectiov (a), (b), and 
(d), not in excess o f  $100,000 for each project, includmg. Ellateral 
equipment, may be used for construction of new facilities and 
additions to existing facilities, and for repair, rehabilitation, or 
modification of facilities: Pruuided, That, of the funds appropriated 
pursuant to subsection (a) or (b), not in excess of $500,000 for each 
project, including collateral equipment,.may be used for any of the 
foregoing for unforeseen programmatic needs: PmU& further, 
That, of the funds appropriated pursuant to subsection (d), not in 
excess of $500,000 per project, including collateral uipment, may 
be used for re air, rehabilitation, or modification 2 facilities con- 
trolled by the 8eneral Services Administration. 

SEC. 102. Authorization is granted whereby any of the amounts 
prescribed in paragraphs (1) through (13) of section 10Ud of this 
title- 

(1) in the discretion of the Administrator or the Administra- 
tor’s designee, may be varied upward 10 percent; or 

(2) following a report by the Administrator or the A.dministra- 
tor’s designee to the Committee on Commerce, Science, and 
Transportation of the Senate and the Committee on Science, 
Space, and Technology of the House of Representatives on the 
circumstances of such action, may be varied upward 25 percent; 

to meet unusual cost variations, but the total cost of all work 
authorized under such paragraphs shall not exceed the total of the 
amounts specified in such paragraphs. 

SEC. 103. Not to exceed one-half of 1 percent of the funds apprc- 
priated pursuant to section 101 (a) or (b) of this title may be 

transferred to and merged with the “Construction of facilities” 
appropriation, and when 80 transferred, together with $lO,OOO,OOO of 
funds appropriated pursuant to section 101(c) of this title (other than 
funds appropriated pursuant to paragraph (14) of such section) shall 
be available for expenditure to construct, expand, and modify l a b  
oratories and other installations at  any location (including locations 
specified in section 101(c)), if (1) the Administrator determines that 
such action is necessary because of changes in the national program 
of aeronautical and space activities or new scientific or engineering 
developments, and (2) the Administrator determines that deferral of 
such action until the enactment of the next authorization Act would 
be inconsistent with the interest of the Nation in aeronautical and 
space activities. The funds 80 made available may be expended to 
acquire, construct, convert, rehabilitate, or install permanent or 
temporary public works, including land acquisition, site prepara- 
tion, appurtenances, utilities, and equipment. No portion of such 
sums may be obligated for expenditure or expended to construct, 
expand, or modify laboratories and other installations unless a 
period of 30 days has passed after the Administrator or the Adminis- 
trator’s designee has transmitted to the President of the Senate and 
to the Speaker of the House of Representatives and to the Commit- 
tee on Commerce, Science, and Transportation of the Senate and the 
Committee on Science, Space, and Technology of the House of 
Representatives a written report containin a full and complete 
statement concerning (A) the nature of suci construction, expan- 
sion, or modification, (B) the cost thereof including the cost of an 
real estate action pertaining thereto, and (C) the reason why sucg 
construction, expansion, or modification is necessary m the national 
interest. 

SEC. 104. Notwithstanding any other provision of this title, no 
amount appropriated pursuant to this title may be used for any 
program- 

(1) deleted by the Congress from requests as originally made 
either to the Committee on Commerce, Science, and Transpor- 
tation of the Senate or the Committee on Science, Space, and 
Technology of the House of Representatives; 

(2) in excess of the amount actually authorized for that 
particular program b section 102 (a), (b), and (d); and 

(3) which has not k n  presented to either such Committee; 
unless a period of 30 days has passed after the receipt by the 
President of the Senate and the Speaker of the House of Representa- 
tives and each such committee of notice given by the Administrator 
or the Administrator’s designee containing a full and complete 
statement of the action proposed to be taken and the facta and 
circumstances relied upon in support of such proposed action. 

SEC. 105. No civil space station authorized under eection lOl(aX1) 
of this title may be used to carry or place in orbit an nuclear 
weapon or any other weapon of mass destruction, to instalrany such 
weapon on any celestial body, or to station any such weapon in space 
in any other manner. This civil space station may be used only for 
peaceful purposes. 

SEC. 106. (a) The Administrator is direct4 to undertake the 
construction of a permanently manned space station (hereinafter 
referred to as the “space station”) to become operational in 1995. 
The space station will be used for the following purposes- 

(1) the conduct of scientific experiments, applications experi- 
ments, and engineering experiments; 
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(2) the servicing, rehabilitation, and construction of satellites 

(3) the development and demonstration of commercial prod- 

(4) the,establishment of a space base for other civilian and 

(b) The space station shall be developed and operated in a manner 
that supports other science and space activities. 

(c) In order to reduce the cost of operations of the space station 
and its ground support system, the Administrator snaii undertake 
the development of such advanced technologies as may be appro- 
priate within the level of funding authorized in this Act. 

(d) The Administrator shall seek to have portions of the space 
station constructed and operated by the private sector, where 

and space vehicles; 

ucts and processes; and 

comiiieiiial space ~ t i ~ i t i ~ .  

appropriate. 
(e) The Administrator shall promote international cooperation in 

the space station program by undertaking the development, 
construction, and operation of the space station in conjunction with 
h u t  not limited to) the Governments of Europe, Japan, and Canada. 
(D The space station shall be designed, developed, and operated in 

a manner ihat enables evolutionary-enhancement. 
SEC. 107. (a) For each of the fiscal years 1989 through 1996, the 

Administrator, a!ong with the President’s submission to the Con- 
gress of the annual budget request for the National Aeronautics and 
Space Administration, shall submit a capital development plan for 
the space station program. Each such plan shall include the esti- 
mated cost of all direct research and development; space flight, 
control and data communications; construction of facilitles; and 
research and program management for the fiscal year involved and 
the two succeeding fiscal years. 

(b) For fiscal year 1989, the capital development plan shall also 
include a statement outlining the total cost, schedule, and configura- 
tion of the Administration’s space station proposal, as well as an 
analysis of the “Report of the Committee on the Space Station of the 
National Research Council”. Such analysis shall examine alter- 
natives for the configuration of the space station including but not 
limited to low cost alternatives. 
SEC. 108. In order to ensure that the development of the space 

station is part of a balanced civilian space program, the Adminis- 
trator is instructed to establish as a goal a funding profile that 
limits (1) space station total annual costs under the capital develop 
ment plan in section 107 to 25 percent of the total budget request for 
the National Aeronautics and Space Administration and (2) a!1 
space station direct operations costs, except for those costs associ- 
ated with the utilization of the space station, to 10 percent of the 
total budget request for the National Aeronautics and Space 
Administration. 

SEC. 109. (a) It is the sense of the Congress that the launching and 
servicing of the space station should be accomplished by the most 

.4Tcr+:..- ,J n-,.-- --- --.A b:.... -.,- _-- :,,1..,1:..,. bh- *LAG 
*VU” -1. ” l l . C  v, 0pa-c. t. a . r a S p r  ~ ~ i v u  u j ) . u L r r u ,  *uwuu**.c, 

space shuttle and expendable launch vehicles. 
(b) Not later than January 15, 1988, the Administrator shall 

submit a preliminary report on the cost-effective use of space 
transportation s stems for the iaunch of space station eiemenrs 
during the development and operation of the space station. The 
Administrator shall consider- 

(1) the potential use of future advanced or heavy lift expend- 
able launch vehicles for purposes of the assembly and operation 
of the space station; 

(2) the use of existing expendable launch vehicles of the 
National Aeronautics and Space Administration, the Depart- 
ment of Defense. and the Private Srtnr: 

(3) the requirement for space shuttle launches; and 
(4) the risk of capital losses from the use of expendable launch 

vehicles and the space shuttle. 
SEC 116. (2) The Admiiii;trat;i i hd :  set B i d  cuiiwi reasonabie 

(b) The Administrator shall set user fees so as to- 
user fees for the use and maintenance of the space station. 

(1) promote the use of the space station consistent with the 
policy set forth in section 106; 

(2) recover the costs of the use of the space station, including 
reasonable charges for any enhancement needed for such use; 
and 

(3) conserve and efficiently allocate the resources of the space 
station. 

(c) The Administrator may, on a casebycase basis, waive or 
modify such user fees when in the Administrator’s judgment such 
waiver or modification will further the goals and purposes of the 
NatiOm! Aeroxantics and Space Act of 1958, including- 

(1) the advancement of scientific or engineering knowledge; 
(2) international cooperation; and 
(3) the commercial use of space. 

SEC. 111. No later than September 30, 1988, the Administrator 
shall submit a detailed plan for collecting reimbursements for the 
utilization of the space station under section 110, including the 
services to be offered, the methodology and bases by which prices 
will be charged, and the estimated revenues. 

SEC. 112. The Intergovernmental Agreement currently being nege 
tiated between the United States Government and Canada, Japan, 
and member governments of the European Space Agency, and the 
Memorandum of Understanding currently being negotiated between 
the National Aeronautics and Space Administration and its counter- 
part agencies in Canada, Japan, and Europe concerning the detailed 
design, development, construction, operation, or utilization of the 
space station shall be submitted to the Committee on Commerce, 
Science, and Transportation of the Senate and the Committee on 
Science, Space, and Technology of the House of Representatives. No 
such agreement shall take effect until 30 days have passed after the 
receipt by such committees of the agreement. 

SEC. 113. (a) It is the sense of the Congress that it is in the national 
interest that consideration be given to geographical distribution of 
Federal research funds whenever feasible, and that the National 
Aeronautics and Space Administration should explore ways and 
means of distributing its research and development funds whenever 
feasible. 

(b) The Administrator shall report to the Congress on the extent 
to which such consideration has been given and such ways and 
means explored during fmal year 1987, and shall submit such 
report tn the Cemmittee OE Science, Space, and Tixhm!cigy of the 
House of Representatives and the Committee on Commerce, Science, 
and Transportation of the Senate by January 15,1988. 



SEC. 114. (a) The Administrator shall award to a domestic firm a 
contract that, under the use of competitive procedures, would be 
awarded to a foreign firm, if- 

(1) the final product of the domestic firm will be completely 
assembled in the United States; 

(2) when completely assembled, not less than 50 percent of the 
final product of the domestic firm will be domestically produced; 
and 

and domestic firms is not more than 6 percent. 
(3) the difference between the bids submitted by the foreign 

(1) such’ applicability would not be in the public interest; 
(2) compelling national security considerations require other- 

wise; or 
(3) the United States Trade Representative determines that 

such an award would be in violation of the General Agreement 
on Tariffs and Trade or an international agreement to which 
the United States is a party. 

(c) For purposes of this section- 
(1) the term “domestic firm” means a business entity that is 

incorporated in the United States and that conducts business 
operations in the United States; and 

(2) the term “foreign firm” means a business entity not 
described in paragraph (1). 

(1) amounts are made available pursuant to this Act; and 
(2) solicitations for bids are issued after the date of the 

(b) This section shall not apply to the extent to which- 

(d) This section shall apply only to contracts for which- 

enactment of this Act. 
SEC. 115. Title I1 of the National Aeronautics and Space Act of 

1958 (42 U.S.C. 2451 et seq.) is amended by adding at  the end the 
following: 

“DONATIONS FOR SPACE SHUTTLE ORBITER 

“SEC. 208. (a) The Administrator may accept gifts and donations of 
services, money, and real, personal, tangible, and intangible prop 
ertr, and use such gifts and donations for the construction of a space 
shuttle orbiter. 

“(bX1) The authority of the Administrator to accept gifts or dona- 
tions pursuant to subsection (a) of this section shall terminate five 
yearsifter the date of the enactment of this section. 

“(2) All gifts and donations accepted by the Administrator pursu- 
ant to subsection (a) of this section which are not needed for 
construction of a space shuttle orbiter shall be used by the Adminis- 
trator for an appropriate purpose- 

“(A) in tribute to the dedicated crew of the space shuttle 

“(B) in furtherance of the exploration of space. 
“(c) The name of a space shuttle orbiter constructed in whole or in 

part with gifts or donations whose acceptance and use are au- 
thorized by subsection (a) of this section shall be selected by the 
Administrator from among suggestions submitted by students in 
elementary and secondary schools.”. 

SEC. 116. (a) It is the sense of the Con ess that the space shuttle is 
a critical national resource that shoulfbe preserved; that it should 
be used primarily for those missions which require its unique 
capabilities; and that a diversified family of expendable launch 

Challenger; and 

vehicles should be incorporated by use into the Nation’s civilian 
space flight program. 

(b) The Administrator shall establish a rogram for launching 
gayloads by means of expendable launch vekcles and, if available, 

(c) The Administrator shall take such action as m a y  be necessary 
to ensure that expendable launch vehicles or, if available, 
commerical launch services are obtained for the launch of the 
following payloads: 

(1) Roentgen Satellite (ROSAT), for launch in 1990. 
(2) T r a c e g  and Data Relay Satellite (TDRSkF, or a plan- 

etary nuasion. 
(3) Extreme Ultraviolet Explorer (EWE), for launch in 1991. 
(4) Mare O k r v e r ,  for launch in 1992. 

(d) The Adminutrator shall report to the Congress not later than 
January 15, 1988, on the Administrator’s compliance with this 
section, and shall submit such report to the Committee on 
Commerce, Science, and Transportation of the Senate and the 
Committee on Science, Space, and Technology of the House of 
Re resentatives. 
~EC. 117. Title III of the National Aeronautics and Space Act of 

1958 (42 U.S.C. 2451 et seq.) is amended by adding at  the end the 
followlng: 

y commerical launch services. 

 CONTRA^ REGARDING EXPENDABLE LAUNCH y&HICLEs 

“SEC. 311. (a) The Administrator may enter into contracts for 
expendabe launch vehicle services that are for periods in ex- of 
the period for which funds are otherwise available for obligation, 
provide for the p a r t  for contingent liability which may accrue 
m excess of availa le appropriations in the event the Government 
for its convenience terminates such contracts, and provide for ad- 
vance payments reasonably related to launch vehicle and related 
Yujpment, fabrication, and acquisition costs, if any such contract 
h i t s  the amount of the payments that the Federal Government is 
allowed to make under such contract to amounts provided in ad- 
vance in a propriation Acts. Such contracts may be limited to 
sources w i t L  the.Unjted States when the Adrmnistrator deter- 
mines that such limitation is in the public interest. 

“(b) If funds are not available to continue any such contract, the 
contract shall be terminated for the convenience of the Government, 
and the costa of such contract shall be r d  from appropriations 
originally available for performance of t e contract, from other, 
unobligated appropriations currently available for the procurement 
of launch services, or from funds a propriated for such paymen?.”. 
SEC. 118. (a) It is the sense o f t h e  Con- that the capital 

investment in space satellites and vehicles should be enhanced and 
p r o w  by ?+ibli+g a system of servicing, rehabilitation, and 
repay ca abhties m orbit (heremaRer referred to as “satellite 
servicmg4. 

(b) The Administrator shall conduct a thorough and comprehen- 
sive study of satellite servicing with a view toward establishing 
national goale and objectives for utilizing such capabilities. 

(c) In conducting the study of satellite servicing under this section, 
the Adrmnlstrator shall give consideration to- 

(1) the use of the space shuttle, the space station, and other 
space vehicles to carry out or support satellite servicing; 



(2) all potential users of satellite servicing capabilities. includ- 
ing civilian, defense, private, and fxeign satellites and space 
vehicles; 

(3) experience to date with in-orbit satellite servicing 
including the costs of such operations and the fees charged 
users that are not from the National Aeronautics and Space 
Administration; 

(4) the pertinence of satellite servicing to insurance, including 

(5) the pertinence of satellite servicing to satellite and vehicle 
design; 

(6) the pertinence of satellite servicing to the National Aero- 
nailtics znc! Spice P.dmir.istrzhx cc.’ cthcr space programs, 
including science and applications programs; and 

(7) the prices to be charged for satellite servicing such that 
the full costs of such servicing can be recovered. 

(d) The Administrator shall complete the study and present a full 
report on it to the Congress on or before January 15, 1988. 

SEC. 119. The Administrator shall review the findings, rec- 
ommendations, and proposed space agenda of the National Commis- 
sion on Space as set forth in its report submitted under section 
201;~: sf the Xational Aeronautic8 and Space Administration 
Authorization Act, 1985 (Public Law 98-361; 98 Stat. 423, and shall 
submit to the Committee on Commerce, Science, and Transportation 
of the Senate and the Committee on Science, Space, and Technology 
of the House of Representatives, within 60 days after the date. of 
enactment of this Act, a recommendatlon for a long-range im- 
plementation plan, including an impact assessment of such im- 
plementation on personnel, budget, and other resources. 

SEC. 120. Section 24 of the Commercial Space Launch Act (49 
U.S.C. App. 2623) is amended by adding at  the end thereof the 
following: “There is authorized to be appropriated to the Secretary 
to carry out this Act $4,548,000 for fiscal year 1988.”. 
SEC. 121. (a) It is the sense of the Congress that the solid rocket 

motor project of the space shuttle program would benefit from 
competition, and that an advanced solid rocket motor would en- 
hance the margin of safety, reliability, and performance of the space 
shut t 1 e. 
01) By the date on which the President submits to the Congress the 

fiscal year 1990 budget request for the National Aeronautics and 
Space Administration, the Administrator shall issue a request for 
proposals to acquire by means of a competitive procurement an 
advanced solid rocket motor. The Administrator shall also consider 
ways and means to improve quality control, reduce operational 
hazards, reduce costs, increase competition, and enhance manufac- 
turing processes, including, but not limited to, constructing a 
government-owned and contractor-operated solid rocket motor 
production facility and providing for a dual source of supply of the 
advanced solid rocket motor. 

(c) Until a request for proposals has been issued under subsection 
(b) of this section, no contract for the purchase of additional solid 
rocket motors shall be extended or signed by the Administrator. The 
Administrator nay  proceed kith the procurement of long-lead mate- 
rials for the solid rocket meters frnm the current cs~tractnr nn!y 
after the Administrator has certified to the Committee on 
Commerce, Science, and Transportation of the Senate and the 
Committee on Science, Space, and Technology of the House of 

che character. cnst. and availahility of lnq~rance; 

Representatives that such action is necessary to prPvent a de!ay in 19 7 
the space shuttle launch schedule. 

(d) The Administrator shall notify the Committee on Commerce, 
Science, and Transportation of the Senate and the Committee on 
Science, Space, and Technology of the House of Representatives if 
the competitive procurement specified in subsection (b) cannot be 
conducted. The Administrator shall transmit such notice along with 
a complete explanation of the reasons supporting such determina- 
tion. Fo!!o=*ing ~ x h  deter-ination, but iio imiier illan 30 days 
following the transmission of the notice required under this subsec- 
tion, the Administrator shall- 

(1) conduct a competition to select a qualified second source of 
supp!y :in ddit iui i  iU iiia current contractor) for flight sets of 
the redesigned solid rocket motor that is currently under devel- 
opment; or 

(2) recompete the current source of supply for flight sets of the 
redesigned solid rocket motor. 

(e) No later than March 31, 1988, the Administrator shall present 
to the Committee on Commerce, Science, and Transportation of the 
Senate and the Committee on Science, Space, and Technology of 
the House of Representatives a comprehensive acquisition plan fcr 
the advanced solid rocket motor in accordance with this section. 

TITLE 11-NATIONAL SPACE GRANT COLLEGE AND 
FELLOWSHIP PROGRAM 

SEC. 201. This title may be cited as the “National Space Grant 

SEC. 202. The Congress finds that- 
(1) the vitality of the Nation and the quality of life of the 

citizens of the Nation depend increasingly on the understand- 
ing, assessment, development, and utilization of space resources; 

(2) research and development of space science, space tech- 
nology, and space commercialization will contribute to the qual- 
ity of life, national security, and the enhancement of commerce; 

(3) the understanding and development of the space frontiers 
require a broad commitment and an intense involvement on the 
part of the Federal Government in partnership with State and 
local governments, private industry, universities, organizations, 
and individuals concerned with the exploration and utilization 
of space; 

(4) the National Aeronautics and Space Administration, 
through the national space grant college and fellowship pro- 
gram, offers the most suitable means for such commitment and 
involvement through the promotion of activities that will result 
in greater understanding, assessment, development, and utiliza- 
tion; and 

(5) Federal support of the establishment, development, and 
operation of programs and projects by space grant colleges, 
space grant regional consortia, institutions of higher education, 
institutes, laboratories, and other appropriate public and pri- 
vate entities is the most cost-effective way to promote such 
activities. 

(1) increase the understanding, assessment, development, and 
utilization of space resources by promoting a strong educational 

College and Fellowship Act”. 

SEC. 203. The purposes of this title are to- 
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base, responsive research and training activities, and broad and 
prompt dissemination of knowledge and techniques; 

(2) utilize the abilities and talents of the universities of the 
Nation to support and contribute to the exploration and devel- 
opment of the resources and opportunities afforded by the space 
environment; 

(3) encourage and support the existence of interdisciplinary 
and multidisciplinary programs of space research within the 
university community of the Nation, to engage in integrated 
activities of training, research and public service, to have co- 
operative programs with industry, and to be coordinated with 
the overall program of the National Aeronautics and Space 
Administration; 

(4) encourage and support the existence of consortia, made up 
of university and industry members, to advance the exploration 
and development of space resources in cases in which national 
objectives can be better fulfilled than through the programs of 
single universities; 

(5) encourage and support Federal funding for graduate 
fellowships in fields related to space; and 

(6 )  support activities in colleges and universities generally for 
the purpose of creating and operating a network of institutional 
programs that will enhance achievements resulting from efforts 
under this title. 

(1) “Administration” means the National Aeronautics and 
Space Administration; 

(2) “Administrator” means the Administrator of the National 
Aeronautics and Space Administration; 

(3) “aeronautical and space activities” has the meaning given 
to such term in section 103(1) of the National Aeronautics and 
Space Act of 1958 (42 U.S.C. 2452(1)); 

(4) “field related to space” means any academic discipline or 
field of study (including the physical, natural, and biological 
sciences, and engineering, space technology, education, eco- 
nomics, sociology, communications, planning, law, international 
affairs, and public administration) which is concerned with or 
likely to improve the understanding, assessment, development, 
and utilization of space; 

(5) “panel” means the space grant review panel established 
pursuant to section 210 of this title; 

(6) “person” means any individual, any public or private 
corporation, partnership, or other association or entity (includ- 
ing any space grant college, space grant regional consortium, 
institution of higher education, institute, or laboratory), or any 
State, political subdivision of a State, or agency or officer of a 
State or political subdivision of a State; 
(7) “space environment” means the environment beyond the 

sensible atmosphere of the Earth; 
(8) “space grant college” means any public or private institu- 

tion of higher education which is designated as such by the 
Administrator pursuant to section 208 of this title; 

(9) “space grant program” means any program which- 
(A) is administered by any space grant college, space 

grant regional consortium, institution of higher education, 
institute, laboratory, or State or local agency; and 

SEC. 204. As used in this title, the term- 

(B) includes two or more projects involving education and 
one or more of the following activities in the fields related 
to space- 

(i) research, (ii! training, or 
(in) advisory services; 

(10) “space grant regional consortium” means any association 
or other alliance which is designated as such by the Adminis- 
trator pursuant to section 208 of this title; 

(11) ‘space resource’’ means any tangible or intangible benefit 
which can only be realized from- 

(A) aeronautical and space activities; or 
(B) advancements in any field related to space; and 

(12) “State” means any State of the United States, the District 
of Columbia, the Commonwealth of herto Rico, the Virgin 
Islands, Guam, American Samoa, the Commonwealth of the 
Northern Manana Islands, or any other temtory or possession 
of the United States. 

SEC. 205. (a) The Administrator shall establish and maintain, 
within the Administration, a program to be known as the national 
space grant college and fellowship program. The national space 
grant college and fellowship program shall consist of the financial 
assistance and other activities provided for in this title. The 
Administrator shall establish long-range planning guidelines and 
priorities, and adequately evaluate the program. 

(1) apply the long-range planning guidelines and the priorities 
established by the Administrator under s u b t i o n  (a) of this 
section; 

(2) ad,vise the Administrator with respect to the expertise and 
capabilities which are available through the national space 
grant college and fellowship program, and make such ex- 
pertise available to the Administration as directed by the 
Administrator; 

(3) evaluate activities conducted under grants and contracts 
awarded pursuant to sections 206 and 207 of this title to assure 
that the purpose% set forth in section 203 of this title are 
implemented; 
(4) encourage other Federal departments, agencies, and 

instrumentalities to use and take advantage of the ex 
and capabilities which are.available through the nationsFa% 
grant college and fellowship program, on a cooperative or other 
basis; 

(5) encourage cooperation and coordination with other Fed- 
eral programs concerned with the development of space re- 
sources and fields related to space; 

(6) advise the Administrator on the designation of recipients 
supported by the national space grant college and fellowship 
program and, in appropriate cases, -on the termination or 

(b) Within the Administration, the program shall- 

suspension of any such designation; and 
(7) encourage the formation and growth of space grant and 

fellowship programs. 
(c) To carry out the provisions of this title, the Administrator 

may- 
(1) accept conditional or unconditional g i b  or donations of 

services, money, or property, real, personal or mixed, tangible 
or intangible; 



(2) accept and use funds from other Federal departments, 
agencies, and instrumentalities to pay for fellowships, grants, 
contracts, and other transactions; and 

(3) issue such rules and regulations as may be necessary and 
appropriate. 

SEC. 206. (a) The Administrator may make grants and enter into 
wiitm& or other transxiions under c'nis subsection to assist any 
space grant and fellowship program or project if the Administrator 
finds that such program or project will carry out the purposes set 
forth in section 203 of this title. The total amount paid pursuant to 
any such grant or contract may equal titi percent, or any lesser 
percent, of the total cost of the space grant and fellowship program 
or project hvolved, except that this limitation shall not apply in the 
case of grants or contracts paid for with funds accepted by the 
Administrator pursuant to section 205(cX2) of this title. 

(b) The Administrator may make special grants under this subsec- 
tion to carry out the purposes set forth in section 203 of this title. 
The amount of any such grant may equal 100 percent, or any lesaer 
percent, of the total cost of the project involved. No grant may be 
made under this subsection, unless the Administrator finds that- 

(1) no reasonable means is available through which the a p  
plicant can meet the matching requirement for a grant under 
subsection (a) of this section; 

(21 the probable hnefit af such prcJject mtweigbs the p.dbiic 
interest in such matching requirement; and 

(3) the same or equivalent benefit cannot be obtained through 
the award of a contract or grant under subsection (a) of this 
section or section 207 of this title. 

(c) Any person may apply to the Administrator for a grant or 
contract under this section. Application shall be made in such form 
and manner, and with such content and other submissions, as the 
Administrator shall by regulation prescribe. 

(dX1) Any grant made, or contract entered into, under this section 
shall be subject to the limitations and provisions set forth in para- 
graphs (2) and (3) of this subsection and .to such other terms, 
conditions and requrements as the Admmtrator considers nec- 
essary or appropriate. 

(2) No payment under any grant or contract under this section 
may be applied to- 

(A) the purchase of any land 
(B).the purchase, construction, preservation, or repair of any 

buildmg; or 
(C) the purchase or construction of any launch facility or 

launch vehicle. 
(3) Notwithstandin paragra h (2) of this subsection, the items in 

subparagraphs (A), &, and (0 of such paragraph may be leased 
upon written approval of the Administrator. 

(4) Any person who receives or utilizes any proceeds of any grant 
or contract under this section shall keep such records as the 
Administrator shall by regulation prescribe as being necessary and 
appropriate to facilitate effective audit and evaluation, including 
recorm which iuiiy disclose the amount and disposition by such 
recipient of such proceeds, the total cost of the program or project in 
connection with which such proceeds were used, and the amount, if 
any, of such cost which was provided through other sources. Such 
records shall be maintained for three years after the completion of 
such a program or project. The Administrator and the Comptroller 

General of the United States, or any of their duly authorized 
representatives, shall have access, for the purpose of audit and 
evaluation, to any books, documents, papers and records of receipts 
which, in the opinion of the Administrator or the Comptroller 
General, may be related or pertinent to such grants and contracts. 

SEC. 207 (a! The Administrator shall ident& specific national 
ii& u i d  probiems relating to space. "he Ahmistrator may make 
grants or enter into contracts under this section with respect to such 
needs or problems. The amount of any such grant or contract may 
equal 100 percent, or any lesser percent, of the total cost of the 
proJect mvolved. 

(b) Any person may apply to the Admimistrator for a grant or 
contract under this section. In addition, the Administrator may 
hvite applications with respect to specific national needs or prob- 
lems identitied under subsection (a) of this section. Application shall 
be made in such form and manner, and with such content and other 
submissions, aa the Adminiitrator shall by regulation prescribe. 
Any grant made, or contract entered into, under this section shall be 
subject to the lhmitatiom and proyisions set forth in section 206(dj 
(2) and (4) of this title and to such other terms, conditions, 
and requirements as the Administrator considers necessary or 
appropriate. 

(Ai any instituiion of &her education as a space grant 
college; and 

03) any association or other alliance of two or more persons, 
other than individuals, aa a space grant regional consortium. 

(2) No institution of higher education mav be deskmated as a 

SEC. 208. (aX1) The Administrator may designate- 

space p a n t  college, unl& the Administrhr finds- that such 
mtitution- 

(A).is maintaining a balanced program of research, education, 

p) wil l  act in accordance with such guidelines aa are p r e  

(C) meets such other qualifications as the Administrator 

(3) No association or other alliance of two or more persons may be 
designated aa a space grant regional consortium, unless the 
Administrator finds that such association or alliance- 

(A) is established for the purpose of sharing expertise, re- 
search, educational facilities or training facilities, and other 
capabilities in order to facilitate research, education, training, 
and advisory services, in any field related to space; 

03) will encourage and follow a regional approach to solving 
problems or meeting needs relating to space, in cooperation 
with appropriate space grant colleges, space grant programs, 
and other persons in the region; 

(C) will act in accordance with such guidelines as are pre- 
scribed under subsection bX2) of this section; and 
(D) meets such other qualifhtions ae the Administrator 

considers necessary or appropriate. 
(b) The Administrator shall by regulation prestrike- 

(1) the qualifications required to be met under subsection (a) 
(2XC) and (3XD) of this section; and 

(2) guidelines relating to the activities and responsibilities of 
space grant colleges and space grant regional consortia. 

trmnmg, and advisory services in fields related to space; 

ecnbed under subsection 6x2)  of this section; and 

considers necessary or appropriate. 



2 0 0  

(c) The Administrator may, for cause and after an opportunity for 
hearing, suspend or terminate any designation under subsection (a) 
of this section. 

SEC. 209. (a) The Administrator shall support a space grant fellow- 
ship program to provide educational and training assistance to 
qualified individuals a t  the graduate level of education in fields 
related to space. Such fellowships shall be awarded pursuant to 
guidelines established by the Administrator. Space grant fellowships 
shall be awarded to individuals at space grant colleges, space grant 
regional consortia, other colleges and institutions of higher edu- 
cation, professional associations, and institutes in such a manner as 
to assure wide geographic and institutional diversity in the pursuit 
of research under the fellowship program. 

(b) The total amount which may be provided for grants under the 
space grant fellowship program during any fiscal year shall not 
exceed an amount equal to 50 percent of the total funds appre 
priated for such year pursuant to this title. 

(c) Nothing in this section shall be construed to prohibit the 
Administrator from sponsoring any research fellowship program, 
including any special emphasis program, which is established under 
an authority other than this title. 

SEC. 210. (a) The Administrator shall establish an independent 
committee known as the space grant review panel, which shall not 
be subject to the provisons of the Federal Advisory Committee Act (5 
U.S.C. App. 1 et seq.; Public Law 92-463). 

(b) The panel shall take such steps as may be necessary to review, 
and shall advise the Administrator with respect to- 

(1) applications or proposals for, and performance under, 
grants and contracts awarded pursuant to sections 206 and 207 
of this title; 

(2) the space grant fellowship program; 
(3) the designation and operation of space grant colleges and 

space grant regional consortia, and the operation of space grant 
and fellowship programs; 

(4) the formulation and application of the planning guidelines 
and priorities pursuant to section 205 (a) and @ X U  of this title; 
and 

(5)  such other matters as the Administrator refers to the 
panel for review and advice. 

(c) The Administrator shall make available to the panel any 
information, personnel and administrative services and assistance 
which is reasonable to carry out the duties of the panel. 

(dX1) The Administrator shall appoint the voting members of the 
panel. A majority of the voting members shall be individuals who, 
by reason of knowledge, experience, or training, are especially 
qualified in one or more of the disciplines and fields related to space. 
The other voting members shall be individuals who, by reason of 
knowledge, experience or training, are especially qualified in, or 
representative of, education, extension services, State government, 
industry, economics, planning, or any other activity related to ef- 
forts to enhance the understanding, assessment, development, or 
utilization of space resources. The Administrator shall consider the 
potential conflict of interest of any individual in making appoint- 
ments to the panel. 

(2) The Administrator shall select one voting member to serve as 
the Chairman and another voting member to serve as the Vice 

Chairman. The Vice Chairman shall act as Chairman in the absence 
or incapacity of the Chairman. 

(3) Voting members of the panel who are not Federal employees 
shall be reimbursed for actual and reasonable expenses incurred in 
the performance of such duties. 

(4) The panel shall meet on a biannual basis and, at any other 
time, at the call of the Chairman or upon the request of a majority 
of the voting members or of the Administrator. 

(5) The panel may exercise such powers as are reasonably nec- 
essary in order to carry out the duties enumerated in subsection (b) 
of this section. 

SEC. 211. Each department, agency or other instrumentality of the 
Federal Government which is engaged in or concerned with, or 
which has authority over, matters relating to space- 

(1) may, upon a written request from the Administrator, make 
available, on a reimbursable basis or otherwise, any personnel 
(with their consent and without prejudice to their position and 
rating), service, or facility which the Administrator considers 
necessary to carry out any provision of this title; 

(2) may, upon a written request from the Administrator, 
furnish any available data or other information which the 
Administrator considers necessary to carry out any provision of 
this title; and 

SEC. 212. (a) The Administrator shall submit to the Congress and 
the President, not later than January 1, 1989, and not later than 
February 15 of every odd-numbered year thereafter, a report on the 
activities of the national space grant and fellowship program. 

(b) The Director of the Office of Management and Budget and the 
Director of the m i c e  of Science and Technology Policy in the 
Executive Offce of the President shall have the opportunity to 
review each report prepared pursuant to subsection (a) of this 
section. Such Directors may submit, for inclusion in such report, 
comments and recommendations and an independent evaluation of 
the national space grant college and fellowship program. Such 
comments and recommendations shall be submitted to the Adminis- 
trator not later than 90 days before such a report is submitted 
pursuant to subsection (a) of this section and the Administrator 
shall include such comments and recommendations as a separate 
section in such report. 

SEC. 213. The Administrator shall not under this title designate 
any space grant college or space grant regional consortium or award 
any fellowship, grant, or contract unless such designation or award 
is made in accordance with the competitive, merit-based review 
process employed by the Administration on the date of enactment of 
this Act. 

SEC. 214. (a) There are authorized to be appropriated for the 
purposes of carrying out the provisions of this title sums not to 
exceed- 

(1) $10,000,000 for each of ftscal years 1988 and 1989; and 
(2) $15,000,000 for each of fiscal years 1990 and 1991. 

(b) Such sums as may be appropriated under this section shall 

(3) may cooperate with the Administration. 

remain available until expended. 



T!TLE ~~!-.A.MENDMENTS TG THE LAX0 RE?viGTE-SENSiNG 
COMMERCIALIZATION ACT OF 1984 

SEC. 301. This title may be cited as the “Land Remote-Sensing 

SEC. 302. The Congress finds and declares that- 
(1) the implementation of the Land Remote-Sensing Commer- 

cialization Act of 1984 (15 U.S.C. 4201 et seq.! has begun and 
S O ~ P  of t h ~  x a j x  mi!estones ioiitaiiiid iii iiiai Aci have been 
met; 

(2) Congress remains strongly committed to the guiding prin- 
ciples set forth in that Act; 

(3) n;t-&ktaiidiug Lilt: accompixnmencs thus far, the rela- 
tionships among the involved Federal agencies and the private 
sector have not yet been adequately defined; and 

(4) inasmuch as the technical development and commercial 
applications of future land remote-sensing systems cannot now 
be predicted with certainty, it is in the national interest of the 
United States that the involved Federal agencies and the pri- 
vate sector remain flexible in carrying out their respective 
responsibilities under that Act. 

SEC. 3G3. It is therefore the purpose of this title to set forth 
amendments to the Land Remote-Sensing Commercialization Act of 
1984 to ensure that- 

(1) the original intent of that Act is carried out in the most 
effective manner consistent with the guiding principles ex- 
pressed therein; 

(2) specific mechanisms for carrying out the original intent of 
that Act are provided in those cases where none have material- 

Commercialization Act Amendments of 1987”. 

ized thus far;-and 
(3) the working relationships among involved Federal agen- 

cies and private sector parties for t h e  purpose of carrying-out 
that Act are fully developed and mutually understood. 

SEC. 304. Section 202(aX4) of the Land RemoteSensing Commer- 
cialization Act of 1984 (15 U.S.C. 4212(aX4)) is amended ky inserting 
before the semicolon at the end thereof the following: , except in 
the case of research and development activities conducted in accord- 
ance with section 504”. 

SEC. 305. Title 111 of the Land Remotesensing Commercialization 
Act of 1984 (15 U.S.C. 4221 et seq.) is amended by adding at the end 
thereof the following new section: 

“DISPOSITION OF GOVERNMENT ASSETS 

“SEC. 308. Following the completion of a contract made pursuant 
to this title, the Secretary may, upon 30 days advance notice to the 
Committee on Commerce, Science, and Transportation of the Senate 
and the Committee on Science, Space, and Technology of the House 
of Representatives, dispose of assets (other than real property) under 
the control of the Secretary in a manner which best ensures the 
continuation of the contractor’s commercial activity.”. 

SEC. 306. Section 502 of the Land Remote-Sensing Commercializa- 
tion Act of I984 (15 U.S.C. 1262) is amended to read as follows: 

‘RESEARCH AND DEVELOPMENT ACTIVITSES OF FEDERAL AGENCIES 

“SEC. 502. Each Federal agency is authorized and encouraged to 
provide data gathered in experimental remote-sensing space pro- 
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grpns t,“ ~P!P+& r ~ a r c h  2nd d~ve!opiiierrt piegiiiiic funded by the 
Federal Government (including application programs) and to CD- 
operative research programs if the Federal agency involved deter- 
mines that the data will not be used- 

“(1) for any commercial purpose; or 
“(2) in substantial competition with data available from a 

licensee under this Act; 
except pursuant to section 503.”. 
SEC. 307. Title V of the Land Fkmote-Sensing Commercialization 

Act of 1984 (15 U.S.C. 4261 et seq.) is amended by adding at the end 
thereof the following new section: 

“RESEARCH AND DEVELOPMENT ACTIVITIES OF SYSTEM OPERATORS 

“SEC. 504. Notwithstanding section 601, any system operator 
under title 11, 111, or IV of this Act, or any marketing entity under 
section 503 of this Act, may provide data for any research and 
development programs if- 

“(1) a complete and timely disclosure of the results of such 
research and development is made in the open technical lit- 
erature or is otherwise made publicly availabie; 

“(2) the system operator or marketing entity provides to the 
Secretary an annual report of all research and development 
data transactions including the nature of any cooperative agree- 
ments and the prices charged for data; and 

’‘(3) the data are not used for commercial purposes or in 
substantial competition with data available from a licensee 
under this Act.”. 

SEC. 308. Section 603 of the Land Remote-Sensing Commercializa- 
tion Act of 1984 (15 U.S.C. 4273) is amended to read as follows: 

“NONREPRODUCITON 

“SEC. 603. In addition to such other terms and conditions as the 
system operator may set forth in compliance with section 601 of this 
Act, the system operator may require that unenhanced data not be 
reproduced or disseminated by any foreign or domestic purchaser.”. 

Approved October 30, 1987. 

LEGISLATIlT HISTORY-H.R. 2182 6. 1164): 

HOUSE REPORTS: No. 100-204 (Cornm,m-Science. Space. and Technology). 
C3:GRESSiGNAL Ei%XjEE, Voi. i33 ~ I Y ~ O :  

July 9, considered and 
July 10, considered 
Oct. 8. House c o n c u d  rn Senate amendment with amendment. 
Oct. 13, Senate concurred in H o w  amendment. 

amended, in lieu of S. 1164. 



1 0 0 ~ ~  CONCRW REPORT 
,st sssion 1 HOUSE OF REPRESENTATIVES 1 100-189 

DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT- 
INDEPENDENT AGENCIES APPROPRIATIONS BILL, 1988 

JUNE 25, 1987.--Committed to the Committee of the Whole House on the State of 
the Union and ordered to be printed 

Mr. BOUND, from the Committee on Appropriations, 
submitted the following 

R E P O R T  

(To accompany H.R. 27831 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
1987 appropriation ............ ...................... $10,434,000,000 
Estimate, 1988 ......................... ...................... 9,481,000,000 
Recommended in bill .............. ...................... 9,479,200,000 
Decrease below estimate.. ..................................... - 1,800,OM) 

For fiscal year 1988 the Committee is recommending 
$9,479,200,000. This is $1,800,000 below the budget request, and is 
$1,145,000,000 above the comparable fiscal year 1987 appropriation. 

The programs of the National Aeronautics and Space Adminis- 
tration are provided for in four appropriation accounts. An expla- 
nation pertaining to each account is detailed below. 

RESEARCH AND DEVELOPMENT 

1987 appropriation .................................................... __.. $3,127,700,000 
__.. 3,623,200,000 Estimate, 1988 .............................. 

Recommended in bill ................... .................................... 3,661,200,000 
Increase abave estimate ............................................................................... +38,000,000 

The Committee recommends a total of $3,661,200,000 for this ac- 
count in fiscal year 1988. The recommendation includes the follow- 
ing increases, decreases, and changes to the program areas de- 
scribed below: 

The full budget request of $767,000,000 has been included for 
mace station in 1988. Although the Committee has endorsed the 
kurrent Block I configuration of space station, it strongly supports 
the continued research and development of solar dynamic power as 
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a new technology for application in a Block I1 space station. The 
Committee is also interested in NASA making available funds to 
train individuals in international and intercultural aspects of space 
development-particularly concerning the space station. A univer- 
sity with international/intercultural programs could be the focus of 
associated universities' efforts in this area. 
- $25,000,000 from the orbital maneuvering vehicle (OMV). 
- $5,000,000 from space telescope development. The Committee is 

recommending this action in an attempt to ensure that some disci- 
pline is applied to controlling the ongoing costs of the telescope 
while it awaits launch. 

+ $5,000,000 for spacelab/space station payload development 
which shall be devoted solely to new attached payloads for space 
station. The Committee suggests that these funds could be applied 
to development of the high resolution solar observatory (HRSO). 

+$5,000,000 for initial work on an extended duration orbiter. In 
the past the Committee has heard testimony that the total cost of 
an extended duration orbiter (EDO) would be less than 
$100,000,000. The Committee believes that to extend the on-orbit 
time of the shuttle from approximately seven days to 14 days will 
be beneficial for both the construction and early activation of the 
space station and for other commercial and industrial applications. 
The Committee directs that NASA submit a report by September 
30, 1987, outlining in detail a funding profile for development of an 
EDO, and further directs that the Agency request sufficient funds 
to cover the next ED0 increment in its fiscal year 1989 budget sub- 
mission. 
- $10,000,000 from the ocean topography experiment (TOPEX). 
- $5,000,000 from the global geospace science mission. + $20,000,000 for microgravity shuttle/station payloads to be allo- 

cated solely for the development of new space station experimental 
hardware such as furnaces, separators, etc. For the past three 
years the Committee has consistently taken the position that to de- 
velop a space station infrastructure without the concomitant devel- 
opment of second and third generation microgravity experiments 
would leave the United States in an inferior competitive position. 
In short, foreign competition would have access to space (on board 
the station) that could lead to significant economic benefits-while 
the US.  would be unprepared to capitalize in the same time frame. 

In this connection, the Committee was disappointed that in both 
the 1987 and 1988 budgets little or no additional emphasis was 
placed on microgravity work. In response to this situation, the 
Committee allocated $7,500,000 in the 1987 NASA operating plan 
for additional microgravity experiments. At that time, it also re- 
quested that a plan be submitted to the Committee identifying how 
NASA would apply this augmentation. The Committee received a 
letter from the Administrator on April 3, 1987, explaining briefly 
NASA's proposed use of these funds-with an assurance that the 
report would be available within one month. However, that report 
was not formally submitted until June 12. Also, a similar report 
covering attached payloads has not been received. The Committee 
believes that this reflects a lack of urgency and dedication and sug- 
gests that NASA is not adequately addressing the critical issue of 



providing the United States with the capability to use the space 
siiiiion io compete on ihe international market. + $70,000,000 for the advanced communications technology satel- 
lite (ACTS). 

-$8,000,000 from commercial programs. 
- $10,000,000 from transatmospheric research and technology. 
-$15,000,000 from the civil space technology initiative, except 

that none of the reduction may be applied to the automation and 
robotics area 

+$l,OOO,OOO for studies and initial work by NASA of the use of 
an Industrial Space Facility for microgravity research. The funds 
should be used to conduct an interagency study with the Depart- 
irileiik of Eefe~st: and Zommerce in order to deveiop a program for 
joint use of the Industrial Space Facility (1SF)-including the cre- 
ation of an appropriate contractual strategy. The Committee be- 
lieves that the ISF may represent a viable interim approach lead- 
ing to the efficient and effective development and testing of early 
space station equipment. The ISF could also be useful in testing ad- 
vanced technology to be used in development of space station sys- 
tems and operations. While the Committee strongly supports 
NASA’s use of the ISF for the purposes stated above, it wants tu 
make clear that any agreement to use the facility should not v i e  
late standard budget principles. The Committee hopes that some 
arrangement can be accomplished which would permit advanced 
funding of a leased facility if the ISF is adjudged to be a workable 
vehicie for transitioning to the space station. The Committee ex- 
pects that the study be completed and the report submitted by De- 
cember 31, 1987. + $15,000,000 for planetary observer mission spares. 

Finally, in the research and development account, the Committee 
is “capping” the 1988 amounts for a number of programs. In ac- 
cordance with the agreement as outlined in the letter from NASA 
to the Committee dated August 9, 1984, these “caps”, if included in 
the conference report, may not be exceeded without the approval of 
the Committees on Appropriations. 

1. Orbital Maneuvering Vehicle-$55,000,000. 
2. Hubble Space Telescope-$93,400,000. 
3. Gamma Ray Observatory-$49,100,000. 
4. Galileo-$55,300,000. 
5. Magellan-$59,600,000. 
6. Ulysses-$10,800,000. 
7. Mars Observer-$29,300,000. 
8. Upper Atmospheric Research Satellite-$95,400,000. 

1987 appropriation ........................................................................................ $5,715,000,000 
Estimate. 1988 ............................................................................................... 4,064.300.000 
Recommended in bill .................................................................................... 4,085,300,000 
Increase above estimate ............................................................................... + 21,000,000 

The space flight control and data communications account in- 
ciudes the program elements that provide for the National Fleet of 
Space Snutiie Orbiters, inciuding main engmes, launch site mission 
operations, control requirements, spares, production tooling, and 
related supporting activities. This account also provides the stand- 

SPACE F’LIGHT CONTROL AND DATA COMMUNICATIONS 
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ard operational support wrvicw for the space shntt!e and expend- 
able launch vehicles, and includes tracking, telemetry, command, 
and data acquisition support required to meet all NASA flight 
projects. 

The Committee recommends a total of $4,085,300,000 for this ac- 
count in 1988. This is an increase of $21,000,000 above the budget 
request and is $470,000,000 above the comparable 1967 level. The 
recommendation includes the following increases, decreases, and 
changes to the program areas described below: 

-$79,000,000 from shuttle structural spares. The Committee has 
treated these funds as lower priority in view of additional shuttle 
reqliirernents described i n  the next item. 

+$125,000,000 for shuttle space transportation systems. These 
funds represent the minimum necessary to maintain the latest 
shuttle launch date of June 1988. An additional $17~5,000,000 i s  re- 
quired to meet Rogers commission safety issues in 1988. If the 
Committee receives sufficient additional section 302(b) allocation, it 
.will make every effort to provide the balance a t  a subsequent time. 
- $40,000,000 from the $76,000,000 requested for replacement of a 

Tracking and Data Relay Satellite (TDRSS) lost on Challenger. The 
flight requirement for this vehicle is now scheduled in 1993 or 
later. However, with ongoing delays in the shuttle relaunch date, 
the Committee believes that this reduction can be made on a prior- 
ity basis. 

+ $30,000,000 for two Delta I1 class expendable launch vehicles 
(ELVs) available only for launch of the Roentgen satellite (ROSAT) 
and the Extreme Ultraviolet Explorer (EUVE) in 1990 and 1991, re- 
spectively., Again. if sufficient additional Section 302rb) allocation is 
made available, the Committee will entertain funding other ex- 
pendable launch vehicles for specific missions. In accordance with 
the agreement as outlined in a letter from NASA to the Committee 
dated August 9, 1984, funding for expendable launch vehicles is 
“capped” at  $30,000,000 and, if included in the conference report, 
such funding may not be exceeded without the approval of the 
Committees on Appropriations. 

. . .  
- $15,9OG,G9G fro= trackiiig aid data acqiiisition. 

CONSTRUCTION OF FACILITIES 

1987 appropriation .................................................................................... $166,300,000 
Estimate, 1988 ........................................................................................... 195,500,000 
Recommended in bill ........................................................................... 169,700,000 
Decrease below estimate ........................................................................... - 25,800,000 

The Committee recommends $169,700,000 for the construction of 
facilities in 1988. The reduction includes, without prejudice, 
$25,800,000 requested for space station facilities. The Committee be- 
lieves that these projects can be delayed for one year without im- 
pacting the space station program. All other projects and funds for 
rehabilitation and minor construction have been included as re- 
quested. 

RESEARCH AND PROGRAM MANAGEMENT 

1987 appropriation ...................................................... $1.4Z5,000,000 
Estimate, 1988 ............................................................................... 1,598,000,000 
Recommended in bill . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.563,OOO.OOO 

( 3 .  nnn nnn Dc::casc b c ! x  i-stimzte ................................................................ -J.J,UU”,UUU 
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The Committee is recommending $1,563,000,000 for research and 
program management in fBcal year 1988, a decrease of $35,000,000 
below the budget request. The reduction should be taken at  the 
agency’s discretion. 

The Committee is concerned with past management practices re- 
garding how costs are allocated between the two program appro- 
priations-research and development and space flight, control and 
data communications-and the research and program management 
account. A Surveys and Investigations Staff report indicated that 
NASA centers have systematically broken down the legal barriers 
between appropriations through “taxes” on program accounts and 
“migration”, or shifting of costs from the research and program 
management account to the program appropriations. Further, the 
centers have shifted costs from the R&PM account to program ac- 
counts in violation of Comptroller General decisions. These actions 
have made the present appropriation structure virtually useless. 

The Surveys and Investigations Staff report was made available 
to NASA in early 1987. However, the agency still cannot properly 
identify how to reorder the appropriation account structure so as to 
ensure the integrity of the accounts and the proper allocation of 
charges. 

The National Aeronautics and Space Administration is directed 
to submit revisions to the 1988 budget to move institutional costs 
from the research and development and space flight, control and 
data communications accounts to the research and program man- 
agement account by October 1, 1987. This will allow the Committee 
to address this matter in the 1988 Continuing Resolution. 

REPORT { 100-192 CONGRFSS 1 SENATE ISI Session 

DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT- 
INDEPENDENT AGENCIES APPROPRIATION BILL, 1988 

Ocroem 6 (legislative day, Smmnm 25). 1987.4rdered to be printed 

Mr. ~ROXMIRE, from the Committee on Appropriations. 
submitted the following 

R E P O R T  
P o  accompany H.R. 27831 

bill 
(KR. 2783) making appropriations for the Department of Housing and 
Urban Development, and for sundry independent agencies, boards, 
commissions, corporations, and offices for the fiscal year ending Sep- 
tember 30, 1988, and for other purposes, reports the Same to the Senate 
with various amendments and presents herewith an explanation of the 
contents of the bill. 

The Committee on Appropriations to which was referred th 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH A N D  DEVELOPMENT 

1987 appropriation .................................................................................................. $3.127.700.000 
1988 budget estimate ........................................................................................... 3.651.200.000 
House allowance ..................................................................................................... 3.661.200.000 
Committee recommendation. ........................................................................ 3.378.063.000 

PROGRAM DESCRmnON 

The objectives of the National Aeronautics and Space Administration 
[NASA] program of research and development are to extend our knowl- 
edge of the Earth, its space environment, and the universe; to expand 
the practical applications of space technology: to develop, operate, and 



improve unmanned space vehicles: to provide technology for improving 
the performance of aeronautical vehicles while minimizing their envi- 
ronmental effects and energy consumption; and to assure continued 
development of the aeronautics and space technology necessary to ac- 
complish national goals. 

The appropriations request would continue funding for a perman- 
ently manned space station, including development work on the hard- 
ware components and supporting development activities such as systems 
engineering and integration. and the technical and management informa- 
tion system will begin. Definiuon and preiiminary design of iiie Eight 
Telerobotic System Program would also be continued. 

Another major area of activity is space transportation capability de- 
velopment including efforts related to the spacelab. the upper stages 
that place satellites in high altitude orbits not attainable by the shuttle, 
the engineering and technical base, payload operations and support 
equipmenf advanced programs study and evaluation efforts, the devel- 
opment of the United States/Ital y tethered satellite system, and develop- 
ment of the orbital maneuvering vehicle. 

The space science and applications program utilizes space systems 
supported by airborne and ground-based observations to conduct scien- 
tific investigations of the Earth and its space environment, the Sun, the 
planets, interplanetary and interstellar space, and the other stars of our 
galaxy and universe. Results from these investigations contribute to our 
understanding of the universe, including the key questions of life, mat- 
ter, and energy. In addition, this program conducts the research and 
selected technology developments to encourage the practical application 
of space technologies to needs on Earth. The Space Science and Appli- 
cations Program has been significantly restructured to reflect the stand- 
down in shuttle flights. 

Commercial programs include the technology utilization and commer- 
cial use of space. The Technology Utilization Program is designed to 
facilitate the transfer of NASA developed technology to the nonaero- 
space sectors of the U.S. economy. The commercial use of space is 
designed to increase private sector awareness of the opportunities in 
space. Private industry will be encouraged to invest and participate in 
high technology research and development utilizing the unique charac- 
teristics of space. 

The objective of the aeronautical research and technology program is 
to provide the broad technology base essential to the preservation of 
U S .  leadership in aviation. The objectives of the space research and 
technology program are to provide the technology base necessary to 
support current and future space activities and to formulate and ad- 
vance technology options for the future. These activities emphasize the 
longer-range aspects of generic research and technology development 
which are crucial in maintaining future U.S. leadenhip. 

The overall objective of the advanced systems program is to perform 
studies to ensure capability for tracking and data acquisitions, commun- 
ications, and data processing support required by di XASA flight p:~j- 
ects in accomplishing their mission objectives. 
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C O M M ~ E E  RECOMMENDAnON 

The Committee recommends an appropriation of $3,378,063,000 for 
research and development activities. This amount is $273,137,000 less 
than the budget estimate and $283,137,000 less than the House allow- 
ance. 

The Committee recommends $558,663,000 for development of the 
permanently manned space station. This facility is the next logical and 
critical step for our Nation’s space program. While most of the debate 
and attention received by the space program recently has focused on 
rhe aftermath of the Chaiienger rrageay ana faiiures in our expendabie 
launch vehicle systems, it is the Committee’s view that the fundamental 
issue before the Nation is whether the United States intends to pursue 
leadership in space science, technology, and exploration. 

It is clear that the answer must be yes. The Soviet Union has 
mounted a resolutely ambitious and impressive space program which 
threatens to surpass our technological advantage. Our major Western 
trading partners are equally dedicated in demonstrating their technical 
capabilities and have already made sizable inroads in what was once 
almost exclusively a superpower competition. 

Our Nation’s space program demonstrates the ability of our people, 
institutions. and technical resources to grow and address new challenges 
in a changing World. This is the essence of our national experience and 
we cannot falter now. Furthermore, our investment in space technol- 
ogies yields a large multiple in direct economic stimulation for the 
Nation as well as a wealth of new products and processes which save 
lives, improve our lifestyles, and enrich our economy. 

The Committee’s recommendation will permit space station devel- 
opment to proceed apace within the difficult budgetary constraints con- 
fronting all Federal activities. Although $208,337,000 less than the 
budget request and the House allowance, the Committee expects that 
no significant scheduling impact will occur in the deployment of pro- 
ductive elements of the space station in the mid-1990’s. The Committee 
recommends that $100,000,000 of the $558,663,000 provided for space 
station development be derived by transfer from funds previously ap- 
propriated for orbiter production. It is the Committee’s understanding 
that this transfer of funds will not have an impact on the delivery of 
the replacement orbiter. 

The Committee believes it is essential that the United States begin to 
develop servicing technology in fiscal year 1988 which can accom- 
modate many early space station needs and provide for the servicing 
and repair of attached payloads and free flyers. This step will have the 
result of creating significant long-term savings for NASA’s space pro- 
grams. As a result, the Committee directs NASA to spend a minimum 
of $1O,OOO,OOO in fiscal year 1988 for servicing technology for the space 
station so as to keep open the option of providing an eariy servicing 
capability. 

Last year the Congress encouraged the administration to move expe- 
Gidousiy iii deveiopiiieiit of ii diii dyiiaii~ p c i e i  sj;siem h i  tk space 



station. The Committee is concerned that without a firm funding com- 
mitment to the solar dynamic concept, NASA will be forced to rely on 
less advanced technologies that will increase life cycle costs of station 
operations and decrease station flexibility and growth potential. The 
Committee. therefore, directs NASA to expend in fiscal year 1988 the 
funds neem to ensure continued development of solar dynamic 
power for the space station. 

The Committee is aware of significant private investment in the de- 
velopment of a man-tended industrial space facility. This program not 
only could yield productive opportunities for private industrial exploi- 
tation of the micro-gravity environment but represents a low-cost test- 
bed for the Government-sponsored experiment for later application in 
the space station. The Committee views such cooperative Government- 
industry efforts as an important aspect of the Nation’s space program 
and thus the Committee concurs with the House in recommending 
$1,000,000 for studies and initial work by NASA on the use of the 
facility for microgravity research. The Committee believes such a facility 
would be useful in maintaining a vigorous space science program, de- 
veloping a robust user base, and obtaining flight experience that can 
contribute to the efficient development and use of a permanently 
manned station. 

The Committee also recommends deletion of $20,000,000 proposed 
bv the House for microgravity shuttle/space station payloads to be allo- 
cated solely for the divelopment of new space station experimental 
hardware. The Committee believes that it is premature to develop sta- 
tion experimental hardware. The funds in question were not requested 
by the administration. 

The Committee concurs with the House in recommending the follow- 
ing further adjustments in the administration’s budget request: 
-$25,000,000 from the orbital maneuvering vehicle program. This 

reduces program funding to $55,000,000 in fiscal year 1988, a 
$10,000,OOO increase in the current budget 
+$5,000,000 for the initiation of work on an extended duration or- 

biter. The Committee believes that the extension of space shuttle orbiter 
stay time is a logical step toward a permanently manned space station 
and will enhance the prospects of constructing and servicing such a sta- 
tion with maximum efficiency and minimum cost. 

-$5.000,000 from Hubble space telescope development, leaving a 
budget of $93,400,000. The Committee concurs with the concern ex- 
pressed by the House over the prelaunch costs of maintaining the tele- 
scope. - $1O,OOO,OOO from the ocean topography experiment program 
[TOPEX]. This reduces TOPEX funding to $80.000.000, an increase of 
$61.000,000 over the current budget. 
-$5.ooO,ooO from the global geoscience science [GGS] mission. The 

administration requested $25,000,000 for this new program to provide 
measurements necessary for the interaction between the Earth and the 
Sun. 

2 0 6  
- $28,OOO,OOO for expendable launch vehicle procurement Such costs 

for launch of space science payloads are normally funded under the 
“Space flight control, and data communications” account and, there- 
fore, these requested funds are addressed there. 

Although concurring in the addition of $5,000,000 for spacelab/space 
station payload development the Committee directs that these funds be 
applied to the development of a high resolution solar observatory 
(HRSO] as a vehicle-independent program to be carried out in the most 
cost-effective way. The project should not be tied exclusively to the 
space station. The Committee is concerned that the recently proposed 
termination of HRSO would leave NASA without a program for the 
study of the Sun from space and waste substantial sums already 
expended. 

f i e  Committee proposes the following adjustments to the House-ap- 
moved amounts: 
+$10,000,000 for explorer development. This increase would result in 

a $70,300,000 explorer program in fiscal year 1988 compared to the 
$60,300,000 program proposed in the administration’s budget and by 
the House. 
+$25,000,000 for the Mars observer mission. This would produce a 

total budget of $54,300,000 for Mars observer. The House approved the 
budget request of $29,3021.000. The Committee is concerned over 
NASA’s decision to reschedule the mission From 1990 until September 
1992 and feels that every effort should be made to achieve the earliest 
possible launch either on the space shuttle or on an expendable launch 
vehicle. Consequently, the Committee directs NASA to submit by Janu- 
ary 30. 1988, a report addressing the advantages and disadvantages of 
launching the Mars observer mission on the shuttle as opposed to an ex- 
pendable launch vehicle, the technical modifications necessary to assure 
dual capability, and the funding requirements and vehicle/facility avail- 
ability associated with both options, as well as cost of assuring dual 
capability for the mission. 

+$18,400,000 for the Magellan Venus mapping mission, providing a 
total budget of $78,000,000 rather than $59,600,000 as proposed by the 
administration and approved by the House. 
- $15,oOO,OoO for planetary observer mission soares. The Committee 

understands that it is not essential to provide these funds in fiscal year 
1988. No funds were requested by the administration while the House 
provided $15.000.000. 

+ % 1 4 , 0 o O , ~  for the Advanced Communications Technology Satel- 
lite [ACTS]. The administration requested no funding for the program 
while the House provides $70,000,000. The Committee’s recommenda- 
tion would make a total of $84,000,000 available in fiscal year 1988. The 
Committee notes that this project is nearing completion and sees no 
valid reason for terminating Federal funding at this point in its develop- 
ment. 

+ $4,00O,OOO for commercial programs. This increases funding to 
$50,000,000 from a House-approved level of $46,000,000. The Commit- 
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tee is pleased that NASA is going forward with its plans to support two 
additional centers for the commercial development of space in the areas 
of automation and robotics and artificial intelligence, such as that pro- 
posed for establishment at West Virginia University, and to assist pri- 
vate space ventures in the commercial uses of space through cooperative 
arrangements. 

+$2,000,000 for the Advanced Rotary Engine Program providing a 
total budget of $3,500,000. The administration requested and the House 
proviaea $i,5@,iXC for h i s  program. The Cwiriiiiiiee hiis been iii- 
formed that the augmentation of this program by S2,opO.OOO per year 
over the next 3 to 5 years should result in a significant increase in fuel 
efficiency and power density compared to current general aviation 
aircraft piston engines. 

-$11,000,000 for transatmospheric research and technology. The 
House provided $56,000,000 for this program, a reduction of $lO,OOO,- 
OOO below the administration's budget request The amount recom- 
mended will continue the program at the current level of $45,000,000. 
The Committee understands certain advanced technology components. 
such as materials relied upon by engine and airframe designers, are not 
yet available. Consequently, it seems advisable to slow down the current 
development schedule. 
- $2,200,000 for the civilian space technology initiative's propulsion 

program. The administration requested $39,200.000 for the program. 
The Committee recommends an appropriation of $22.000,000. 

Of funds appropriated in fiscal year 1988. the Administrator may 
make available, subject to authorization, up to SlO,OOO,OOO to establish 
and fund a Space Grant College and Fellowship Program. 

SPACE FLIGHT. CONTROL AND DATA COMMUNICATIONS 

1987 appropriation ................................... .................................... 55.715.000.000 
1988 budget estimate ......... .................................... 4.064.300.000 
House allowance. ...................................... ................................... 4.000.300.000 
Committee recommendation .................... .................................. 3,978.300.000 

PROGRAM DESCRIPTION 

The space flight control and data communications appropriation pro- 
vides for the production and operational activities for the space trans- 
portation system and the tracking, telemetry, command, and data ac- 
quisition support of all NASA flight projects. 

Shuttle production and operational capability and space transporta- 
tion operations are the key elements of the space transportation system 
that are contained within this appropriation. The shuttle production and 
Capability development program provides for the national fleet of space 
shuttie urbiiers (inciuding ilie rsplxemeii; orbiter) iiidiidiiig iiiain cn- 
gines, launch site and mission operational control requirements, initial 
structural and operational spares, production tooling. and related sup- 
p ~ ~ i n g  activities. 

The space tracking and data acquisition program provides vital track- 
ing, telemetry, command, and data acquisition support for Earth-orbital 

spacecraft, planetary missions, sounding rockets. balloons, and research 
aircraft. This support is currently provided by a worldwide network of 
NASA ground stations, and by the first of a system of three tracking 
and data relay satellites in geosynchronous orbit working with a single 
highly specialized ground station. Facilities are also provided to process 
into meaningful form the scientific, applications, and engineering data 
which are collected from flight projects. 

CC??.C,!TEE ?.ECO?.C.!ESDAI?OX 

The Committee recommends $3,978,300.000 for space flight, control, 
and data communications activities. This is $86,000,000 less than the 
budget request and $22,000,000 less than the House allowance. 

The Committee views the restoration of the space shuttle system to 
full operation capability as the highest immediate priority. To this end, 
the Committee recommended, and there was enacted, appropriations of 
$526,000,000 in the Fiscal Year 1986 Supplemental Act and $300,000,- 
000 in the Fiscal Year 1987 Supplemental Act. Furthermore, the Con- 
gress provided $2,100,000.000 in the fiscal year 1987 continuing resolu- 
tion for orbiter production activities related to replacement of the 
Cho!!mger. 

As discussed earlier in this report, the Committee has been advised 
that approximately $100,000,000 of funds previously appropriated for 
the replacement of the Challenger may be made available for other pur- 
poses, and language has been recommended to permit the use of such 
funds for development of the space station. The Committee, however, 
believes that the remaining funds of the orbiter production appropria- 
tion should be applied in a manner which assures the earliest efficient 
delivery of the replacement orbiter consistent with safe and effective 
resumption of flight activity of the entire orbiter fleet. The Committee, 
therefore, directs that up to $1OO,OOO,OOO of the remaining orbiter pro- 
duction funds be utilized to complete necessary modifications such as 
redesign of the external tank disconnect latch, correction of reaction 
control system primary thruster instability, contingency alert analyses, 
vertical tail modifications, payload bay door entry latches and modified 
drag chutes as well as for analyses to certify extended orbiter life and 
improvements to the existing orbiters, and for related work required to 
prepare the fleet for operational flight status. In addition, the Commit- 
tee directs that of this amount, sufficient funds (up to $20,000,000) be 
applied for production of orbiter spare parts both to assure efficient 
operations and to maintain critical production capabilities. In view of 
the availability of these funds, the Committee concurs with the House 
in deleting $79.000.000 requested in 1988 for structural spares. and also 
recommends the deletion of $40.000.000 added by the House for shuttle 
recovery. 

The Committee also notes that the recently released National Re- 
search Council report on the space station recommended that NASA 
begin work on another orbiter to assure adequate future manned space 
launch capability. The Committee believes that such an initiative is not 



only prudent but may have significant potential to maximize the utility 
and efficiency of the space station. For example, a fifth orbiter would 
permit greater on-station time of an orbiter, thereby reducing or elim- 
inating the need for a crew emergency rescue vehicle [CERV]. 

The Committee also recommends restoring 620,000.000 of the House- 
passed reduction of $40,000,000 from the 676,000,000 requested by the 
administration for the replacement of a tracking and data relay satellite 
D R S S ]  lost on Challenger. Continuing delays in the next shuttle 
launch date make reduction feasible, but the Committee’s recommenda- 
tion will permit a more efficient level of activity in the program. 

The Committee agrees with the House decision to make a general re- 
duction of 615,000,000 in the “Tracking and data acquisition” account, 
a 1.5-percent reduction in the administration’s 6948.900,OOO budget 
request The Committee notes that even with this reduction, appropria- 
tions for this program will increase by 671,000,000 in fiscal year 1988. 

Finally, the Committee recommends 628,000,000 for two Delta I1 
class expendable launch vehicles as requested in Senate Document 
1W12, a reduction of 62,000.000 in the amount provided by the 
House. These vehicles are dedicated to launch of the Roentgen satellite 
[ROSAT] and the extreme ultraviolet explorer [EUVE] in 1990 and 
1991, respectively. As discussed previously in this report, these funds 
were requested for appropriation under the “Research and develop- 
ment” account. The Committee concurs with the House recommenda- 
tion to fund this activity in this account. 

OONSTRUCTION OF FACiLmES 

......................................................................... $469.300.000 

House allowance ......................................... 
Committee rrcommendation ...................................................................................... 185,700,000 

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

PROGRMI DEScRIpIlON 

This appropriation provides for the contractual services for the de- 
sign, repair, major rehabilitation, and modification of facilities; the con- 
struction of new facilities: minor construction; the purchase of land and 
equipment related to construction and modification; and advanced de- 
sign related to facilities planned for future authorization. 

comm REcomENDAnoK 

The Committee recommends $185,700,000 for the construction of 
facilities. This is S9.800,OOO less than the budget request and $16.000,- 
000 more than the House allowance. 

The Committee concurs with the House in deleting 625,800.000 re- 
quested for space station facilities. The Committee believes these proj- 
ects can be delayed for 1 year without affecting the space station 
program. 

The Committee recommends the appropriation of $16,000,000 to in- 
itiate the repair of the 12-foot pressure wind tunnel at NASA’s Ames 

Research Center. Funds to initiate repair design activities were included 
in Public Law 100-71. The total cost of this project is estimated to be 
about $60,000,000. 

RESFARCH A N D  PROGRA?V MANAGEUEhT 

1987 appropriation ......................................................................................... $1.425.000.000 
1988 budget estimate ................................................................................. 1,589.195.ooO 
House allowance ............................................................................................ 1.558.000.ooO 
Comrmttee recommendation ......................................................................... 1.558.000.ooO 

The research and program management appropriation supports the 
perfomance and management of research, technology, and test activi- 
ties at NASA installations, and the planning, management, and support 
of contractor research and development tasks necessary to meet the Na- 
tion’s objectives in aeronautical and space research. Specifically, this ap- 
propriation provides the technical and management capability of the 
civil service staff needed to conduct the full range of programs for 
which NASA is responsible; maintains facilities and laboratories in a 
state of operational capability and manages their use in support of re- 
search and development programs; and provides technical and admin- 
istrative support for the research and development programs at NASA. 

COMMITTEE RECOMhlENDATION 

The Committee concurs with the House in recommending $1,558,- 
OOO,M#) for research and program management. This is $31,195,000 less 
than the budget request. 

The Committee notes that the amount recommended exceeds last 
year’s appropriation by $133,000,000 and believes that this increase of 
almost 10 percent should be sufficient to allow NASA to handle its 
added space station responsibilities. 

The Committee is pleased to note that NASA is making substantial 
progress in moving institutional costs from the “Research and develop- 
ment” account as well as the “Space flight control and data communica- 
tions” account to the “Research and program management” account 
pursuant to language contained in House Report 100-189. 

The Committee will work closely with NASA and with the House to 
achieve the goal of a reordered account structure that identifies costs 
that are properly attributable to the three accounts in question and re- 
stores the integrity of each of the accounts. 
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priatiom a detailed plan rescoplng and re. 
scheduling the space statlon actlvlties con- 
SlStent a i th  1988 and 198B revlsed budmu. 
In that connection the conferees expect 
NASA to Identify c a t  savings-wlth special 
emphegu on the non-prime and program 
Support areas. I t  Is noted. for example. that 
at an 1988 funding level of $425.000.000. the 
actual "hardware" component of station 
could constitute le58 than 30 pe ran t  of the 
total avallable dollnrs. This trend b not ac- 
ceptable-particularly in view of the poten- 
tial for slgnlflcantly reduced fundina below 
the anticipated l96B level of $1.1) blllion. 
The revised plan for space statlon should be 
submitted to the Committees on Appropria- 
tions no later than February 29. 1988. 
Also. the conferees note that the Agency 

Is commltted to malntammg fundinr for sel- 
ence and applications at not less than 10 
percent of total NASA resources. Although 
to date NASA has honored t h b  commlt- 
ment. the conferees are concerned that fur- 
ther bud& constrahta could negatively 
impact Unmanned activities. 

Further. the conferees reccmize that 
many of the g o b  articulated In the "MIS 
sion To Planet Enrth" scenario stresl un- 
manned technologg achlevable within the 
next decade and meet a distinct and growing 
envvonmental need 

The c o n f e m  also urge NASA to continue 
Iork on solar dynamic power and satelllte 
servicing to the extent practical within the 
limited fund, avallable. 

Therefore, it Is Imperative that NASA ex- 
m i n e  all m b l e  approaches to constrain- 
ing station costa In that context. the con- 
ferees have "capped" statlon at  
S200.000.000-the funding available exclu- 
sive of the delayed $225.000.000 appropria- 
tion Those funds will be released after the 
Committees on Appropriations have careful- 
ly reviewed the Agency's p r o m  to 
ensure the Implementation of a workable 
space station that b consistent with the Ad- 
ministrator's prevlou programmatic com- 
mitments to the Committee& 
+$20.000.000 for micromvlty shuttle/ 

ISF/space statlon payloads. The conferees 
have BBreed to IncrevK the space shuttle/ 
space station payload microgravity actlvity 
for the development of new space station 
experimental hardware such PI furnaces. 
separaton. etc. The conferees expect that 
these funds will help improve the United 
States' competitive position by having avall- 
able second and third generation mlcrogra- 
vity experiment. beginning in 1B9l. The 
conference committee expects that this new 
hardware will be developed initially for we 
on spacelab and/or the Industrial space fa- 
cility and ultimately used on space station. 
In that context. the committee of confer. 
ence strongly urges NASA to add an addi- 
tional spacelab mission In the third quarter 
of 1991. The conferees understand that the 
agency N m n t l y  hfa under study the pod- 
bility of manlIeatlnp such a mleslon and 
that a decision should be forthcoming in the 
near term The d e r e a  expect NASA to 
advise the Commlttces on Appropriation8 by 
J M U U ~  16, lBm, on the statu of this Im- 
portant activity. 
+$25.000.000 for the industrial sp.et f a d -  

ity (=). The confereea believe the ISP 
may represent a viable interim approach 
leading to the effkient and effectlve devel- 
opment and M l n g  of early space station 
hardware. In short, the ISP could Provide 8 
"bridge" from ap.alab to apace atation 
However, the conferees believe that I t  b e ~ -  
sential to malnWn rt.ndPrd budget's prlnct- 
plen In fund- t h b  program. Therefore, the 
conferees direct NASA to conclude a satlr- 
factory fundlng arrangement that will lead 
to a workable l e w d  IS3 vehicle in the 
1991/1BBZ timeframe. 

+$25.ooQ000 for tha M p n  observer p r o  
gram. The conferees are mshing wallable 
these monles with the understanding that 
the agency may allocate the funding at It. 
discretion between the Mars Observer Mls- 
sion and additional planetary observer 
spares. 

+$77.000.000 for the Advanced Communi- 
cation Technology Satellite (ACTS). The 
ACTS program was first funded in a supple 
mental approprlatlon Act in 1982 under the 
a u s p l ~ ~  of the HUD-Independent Agenciea 
Appropriation8 Subcommittee. Con- 
originated the program because of its con- 
cern with the future of the Unlted States' 
communiatlons satellite industm. It w188 
hoped that this program could enhMCe U.& 
technology and intematiotul competitive 
stature. The program wfa not supPo* by 
the administratbn, and no budget request 
hns been made In the past three y e M  for 
ACTS. The Congress has, however, providcd 
funding during that period to maintain the 
vinbilitv of the ACTS effort. The conferees 

-$15.000.008 frosrthe dvu spa tcchrrol- 
w Lnttiative, except t h s t  none of the'* 

+$1o.ooO.009 for explorerdevelOpment. 
Finally. in the r amreh  and development 

atxounb. the confereea M " ~ . p p W  the 
1988 amount. for a number of p rwuns .  In 
umrd.nee with the agrement u outlined 
In the letter h t m  NASA to thC commlttca 
dated Aueu8t 0. 1BM. t h a e  "aD" mY not 
be exceeded without the approval of the 
Commlttces on ApproprlatloM 

and dUcI1m mb0tlCS my R R M ,  k .DBlled Md to tb. 8 R ~ O l l  

M-w-;;;;ierstpnd that the current fiscPl y e u  
1988 estimate for ACTS, which had been ap 
proximately $84 mlllion has hcnared to 

(3) Bubble apace telescope. 1B3.408.008 
(4 )  Gamma Ray Observatom. $49.100.000 

$123 mllllon Also. the le89 funding =ti- (5) Galileo. S55.300.000 

- -.- . . . . .. 
rent budget climate this program must be 
brought under control before additional 
funds are released above the $35 mlllion 
IeveL 

-$4.MH).oOo from "commercial prom"'. 
+ $a.~.OOO lor the advance row ensine 

Prosrpm 
-$13.000.000 from trPnsatmospherlc re 

seareh and technology (National A m p i c e  
planel. 

+$25.000.000 from the orbital maneuver- 
ing vehicle (OMV). 

-$5.000.000 from space telescope develop 

Approprlater U.BoL1.308.000 for a p a a  
fllght. control and dab eommuniations. b 
stead of $3.978.300.000 ns proposed by the 
Senate, and 4.000.300.000 ns proposed by the 
House. 
Thb fundlng level includea a general re- 

duction of $129.000.000 to be applied at the 
discretion of the agency. HoweVer, to help 
offset t h b  nductlon. the conferees have 
agreed to the use of up to $125.000.000 of or- 
biter productlon fur& to complete nec& 
W Y  InodtfiePtlOM and MdertPLe related 
work requlred to prepare the shuttle fleet 

-.. .. ~ 

short term at a riasonable cost and at m a t  
beneflt to matertals seieneea and other d&I- 
plinea Additionally. I t  Is clear that the ED0 
b a viable incremental step to a manned 
space atation and the confereea expect that 
NASA wlll move forward dth thh project 
in a expedltlour manner. 

-$10.000.O00 from the rryll towunnhv 
experiment (TOPHI.  
-$5.000.000 fmm the rlobd ~ m r l w c ~  Id- 

cncr mlasiom 



consnvmon or 
Approprlatea $178.272.000 for constructton 

Of fWllltlUl, W e a d  Of $185.700.000 PI PPJ- 
posed by the Senate pnd $169.700.000 as 
proposed by the House. The confereea agree 
that d t h k  thls totel $16000000 h md.2 
avallable to h t i n t e  the repair of the l2-foot 
pressure wlnd tunnel at NASA Am& Also. 
the confereea direct that SaoQ.000 be provid- 
ed for design work of the final component the Giiiii;er -.. wr-t:GrG iJii 

port bulldine 
aLS- AHD P l O O l u l  -AB- 

Appmprlak $1.495,680.000 for mplcfl 
and program management, LMted of 
$1.557.999.000 PI) p r o m  by the Senate 
and $1.558.000.000 Y proposed by the 
House. Withm the funds provided, a general 
reduction of $93.515.000 Ls wumed. The np- 
pUcatlon of this reductlon should be o u t  
lined in d e t d  in the operrttnr plan whlch 
will be reviewed and approved by the Com- 
mlttees on Appmprlatlorn 

The H o w  report dineted NASA to 
submlt IW~S~OM to the 1988 budget to move 
institutlorui oost. from the R&D and 
SFCDC accounts to the R&PM amount by 
October 1. 1987. "hM reorderins of the .p 
proprktlon account structure WY undert8k- 
en to enswe the integrity d the amountr 
and the proper alloatlon of ehuua The 
G e ~ t s  report emmured with them ob- 
t l v a  

On SeptemDR 2S. lM, the NAM dmhk 
istmtar sent a letter to the Commlttes o u t  
1- proposed bu&?et and accountplg 
duneta to be effective on October 1.19OT. 
In .dditlon to nvtdn and aan&Nww 
tha amouncina Coda structure the A@xlcr 
propoeed increwim RSRI by ~wa.4saoee  
with offaettiru decreamm of $144,863,000 In 
R&D and $61.175.000 In BFCDC. 
The conferea uree with the lwcl of the 

pro- chmga4ut vlll make the formal 
tnrnsier of tun& between account8 h 8 
future awr~~L.wo111 WL However, Ln the 
interim. luuuee h u  been Included whkh 
will p e d  theomOoi M.nuement and 
Budget to incmr the .pporMonmbnt In 
the aspLl accoun& to refled the M e 
eounwnr stNctum unul fund8 am trula- 
femd In subsequent InLWon Apportfon- 

nirnts lor Research and development and 
Space flight oocountd wit1 be reduce con- 
comaanthy by I -  mounts. 


