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Summary

For FY 2006, the National Aeronautics and Space Administration (NASA) is
requesting $16.456 billion. That amount isa2.4% increase over the $16.070 billion
(adjustedfor therescission) appropriated in the FY 2005 Consolidated Appropriations
Act (P.L. 108-447). NASA aso received a supplemental of $126 million for
hurricane relief, for a total FY 2005 appropriated level of $16.196 billion. The
FY 2006 request is 1.6% abovethat total amount. By comparison, last year the White
House projected that NASA’ s budget would increase by 4.7%. NASA submitted a
FY 2006 budget amendment on July 15; total funding for the agency did not change.

Congress is debating both appropriations and authorization bills for NASA.
NASA'’ sappropriationsareinthe FY 2006 Science, State, Justice, Commerce (SSIJC)
appropriations bill (H.R. 2862). The House-passed version approves $15 million
above therequest. The Senate version, as reported from committee (S.Rept. 109-
88), cuts the request by $60 million. The House-passed NASA authorization bill
(H.R. 3070), following adoption of a manager’s amendment, includes $510 million
more than the request. The Senate version, as reported from the Senate Commerce
Committee(S. 1281, S.Rept. 109-108), recommends $100 million abovetherequest.

Debateover NASA’ sFY 2006 request centerson planstoimplement theVision
for Space Exploration, announced by President Bush in January 2004. The Vision
calls for NASA to return humans to the Moon by 2020, and someday send them to
Mars. President Bush did not propose adding significant funding to NASA’s
five-year budget plan to implement the Vision. Instead, the agency must redirect
fundsfromitsother activities. NASA’ sresourcesare being strained by that decision,
increased funding demandsfor returni ng the space shuttleto flight status, cost growth
in existing programs, and the need to fund congressionally-directed items.

NASA Administrator Dr. Michael Griffintestifiedto Congressin May 2005 that
NASA cannot afford all the programs currently on its plate, and priorities must be
set. Healso is changing the emphasis on some of the Vision-related activities. For
example, he is accelerating development of a Crew Exploration Vehicle (CEV) to
reduce an expected multi-year gap between when the space shuttleisto beterminated
(2010) and the avail ability of the CEV. During that gap, the United Stateswould not
haveitsown ability to launch astronauts, and thus would be dependent on Russiafor
crew transportation to the International Space Station (ISS). To pay for accelerating
the CEV, Dr. Griffin plansto reduce funding for other Vision-related activities such
as developing nuclear power and propulsion systems (Project Prometheus) or
performing research on ISS.

NASA’sFY 2006 budget request al so assumesareduction of about 2,500 NASA
civil servants by the beginning of FY2007. As it considers the FY 2006 request,
Congressisdebating whether to adopt the Vision, and if it does, the resulting impact
on NASA’s other activities and the agency itself. Thisreport will be updated. An
abbreviated version is available as CRS Report RS22063.
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The National Aeronautics and Space
Administration’s FY2006 Budget Request:
Description, Analysis, and Issues for
Congress

Preface

Thisreport discusses the major issues being debated in the context of NASA’s
FY 2006 request for $16.456 hillion, a 2.4% increase over the $16.070 hillion
appropriated in the FY2005 Consolidated Appropriations Act (adjusted for the
rescission). NASA also received $126 million in a FY2005 supplementa for
hurricanerelief, givingit atotal of $16.196 billionfor FY 2005. The FY 2006 request
isa1.6% increase above that total. By comparison, last year’s budget submission
projected that the agency would receive a 4.7% increase for FY2006. NASA
submitted aFY 2006 budget amendment on July 15, 2005; total funding requested did
not change, only how it is alocated within the agency.

NASA substantially changed itsbudget structurein the FY 2006 budget request,
asit hasdonerepeatedly over the past several years. The agency also shifted to “full
cost accounting” in FY2004. These changes make comparisons across fiscal years
at the program level virtually impossible. Comparing the FY 2005 appropriation and
the FY 2006 request aone is difficult. In its FY2006 request, NASA provided
estimated FY 2005 funding figures, taken from its Initial Operating Plan (December
23, 2004), using the same structure as the FY 2006 budget to enable comparisons
between those years. However, NASA’s FY 2005 spending plans have changed
significantly sincethen, asexplainedinaMay 10, 2005 update to the operating plan.*
The operating plan update was presented in the budget structure NASA used for
FY 2005, not FY 2006, with no” crosswalk” between the old and new structures. Thus,
those numbers cannot be incorporated into the tablesin thisreport. Major changes
are discussed in the text, however.

The most prominent issues in the FY 2006 budget are carry-overs from the
FY 2005 debate: whether to approve President Bush’' s Visionfor Space Exploration”
to return astronauts to the Moon by 2020 and then go on to Mars and “worlds
beyond”; returning the space shuttle to flight status following the February 2003
gpace shuttle Columbia tragedy; the future of U.S. use of the International Space
Station; and whether to use the shuttle to service the Hubble Space Telescope.

1 NASA’s operating plans are discussed below under Overview of NASA's FY 2006
Budget Request.
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Another mgjor issuethisyear isthefuture of NASA’ saeronauticsresearch programs,
which are dated for significant reductions.

Several other CRS reports are available on NASA-related topics, and are
referenced herein. For convenience, a list is provided in Appendix A. An
abbreviated version of thisreport isavailable as CRS Report RS22063, The National
Aeronautics and Space Administration: Overview, FY2006 Budget in Brief, and Key
I ssues for Congress.

FY 2005 estimated, and FY 2006 requested, budget figures are from NASA’s
budget justification documents| http://www.nasa.gov/about/budget/index.html], and,
where indicated, from a budget amendment submitted by the White House
[ http://www.whitehouse.gov/omb/budget/amendments/amendment_7 15 05.pdf]
on July 15, 2005. Program descriptions are condensed from material provided by
NASA in that or previous budget justifications, and previous CRS reports in this
series.

Introduction to NASA

NASA was created by the 1958 National Aeronautics and Space Act (P.L. 85-
568), and opened its doors on October 1, 19582 NASA’s charter is to conduct
civilian spaceand aeronauticsactivities. Military space and aeronauticsactivitiesare
conducted by the Department of Defense (DOD) and the intelligence community.
The organizations cooperate in some areas of technology development and
occasionally have joint programs.

NASA began operationsa most exactly oneyear after the Soviet Union ushered
in the Space Age with the launch of the world’ s first satellite, Sputnik, on October
4, 1957. In the 47 years that have elapsed, NASA has conducted far reaching
programs in human and robotic spaceflight, technology development, and scientific
research. The agency is managed from NASA Headquarters in Washington, D.C.
It has nine major field centers around the country (see Figure 1):

e Ames Research Center, Moffett Field, CA, which also manages
Moffett Federal Airfield, Mountain View, CA.;

e Dryden Flight Research Center, Edwards, CA;

e Glenn Research Center, Cleveland, OH;

2The National Advisory Committeefor Aeronautics (NACA), chartered in 1915, served as
thenucleusfor NASA. Theday that NASA began operations, five NACA researchfacilities
were transferred to NASA, and all continue to operate today: Ames Research Center,
Dryden Flight Research Center, Glenn Research Center (formerly Lewis Research Center),
Langley Research Center, and Wallops Flight Facility. Two Army organizations also were
transferred to NASA within a year of the agency’s creation: the Development Operations
Division of the Army Ballistic Missile Agency — the “von Braun team” — which
developed the Jupiter C launch vehicle that placed the first U.S. satellite into orbit on
January 31, 1958 (prior to NASA’screation), now called Marshall Space Flight Center; and
the Jet Propulsion Laboratory, which developed that satellite (Explorer 1).
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e Goddard Space Flight Center, Greenbelt, MD, which also
manages the Goddard Institute of Space Studies (New York, NY),
the Independent Validation and Verification Facility (Fairmont,
WV), and the Wallops Flight Facility (Wallops, VA);

e Johnson Space Center, near Houston, TX, which also manages

NASA activitiesat theWhite Sands Test Facility, White Sands, NM;

Kennedy Space Center, near Cape Canaveral, FL;

L angley Research Center, Hampton, VA;

Marshall Space Flight Center, Huntsville, AL; and

Stennis Space Center, in Mississippi, near Slidell, LA.

The Jet Propulsion L abor atory, Pasadena, CA, often counted asa10™ NASA
center, isafederally funded research and devel opment center (FFRDC) operated for
NASA by the California Ingtitute of Technology.® Figure 1 shows the locations of
thesefacilities. See[http://www.nasa.gov/about/highlights/Organizationlndex.html]
for linksto all of NASA’sfacilities.

According to information supplied to CRS by NASA in March 2005, and
NASA’s workforce website [http://nasapeople.nasa.gov/workforce/default.ntm],
NA SA employsapproximately 19,000 full timeequivalent (FTE) civil servants.* The
website also estimates that NASA has 40,000 on-site and near-site support
contractors and grantees. Significant workforce cutbacks are planned by the
beginning of FY 2007 as NASA “transforms” itself to implement President Bush's
Vision for Space Exploration. That issueis discussed below.

NASA is headed by an Administrator. Dr. Michagl Griffin was sworn in as
NASA’s 11" Administrator on April 14, 2005. Dr. Griffin has extensive experience
in military and civilian space programs, and has served in anumber of private sector
and government capacities(including previousserviceat NASA). Immediately prior
to his appointment as Administrator, he was Space Department Head at Johns
HopkinsUniversity’ sApplied PhysicsLaboratory. Hispredecessor asAdministrator
was Mr. Sean O’ Keefe.

NASA Headquarters is currently organized into four Mission Directorates:
Aeronautics Research, Exploration Systems, Science, and Space Operations. NASA
Headquarters' current organization chart is provided in Figure 2.

% Despiteitsname, JPL’ sprimary rolefor NASA is devel oping earth-orbiting and planetary
exploration spacecraft, and managing the Deep Space Network, which tracks and
communicates with planetary spacecraft.

* A NASA official told the House Science Committee on February 17, 2005 that NASA had
18,000 employees, an apparent reference to full-time permanent (FTP) employees, not the
more commonly used “full timeequivalents’ (FTES), which are budget-rel ated estimates of
the number of work years required to achieve agency missions and objectives. According
to dataprovided to CRS by NASA in March 2005, the FY 2005 NA SA budget funds 19,227
FTEs, and the FY 2006 budget would fund 18,798 FTEs; the actual number of employees
was 18,932, of which 17,475 were FTPs. Those data also show that NASA plansto reduce
itsFTE level to 16,738 by FY 2007, areduction of 2,489 fromitscurrent level. Other NASA
information indicates that as many as 2,673 positions may be eliminated.
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NASA'’s Historical Budget

Sinceitscreationin 1958, NA SA hasexperienced periods of budget growth and
decline, some of which were dramatic. Figure 3 displays the agency’'s budget
history, both in current year dollars (i.e., unadjusted for inflation) and in constant
2005 dollars (i.e., adjusted for inflation). Inthe early 1960s, as the nation strived to
put an American on the Moon by 1969, NASA'’ s budget increased rapidly, peaking
at $5.25hillion (current dollars) in FY 1965. Then, asother national prioritiesgained
precedence, NASA’sbudget declined sharply to about $3 billion (current dollars) by
FY 1974. Subsequently, it increased steadily for almost two decades (the one-year
spike in 1987 was to build a replacement space shuttle orbiter), but declined in the
mid-1990s as efforts to restrain federal funding took hold. It rose gradualy (in
current dollars) thereafter. President Bush’sVisionfor Space Exploration called for
NASA’s budget to increase by about 5% in FY2005-2007. That occurred for
FY 2005, but the FY 2006 budget request is less than what had been projected last
year (see below).

Figure 3. NASA Budget Authority FY1959-2004 —
Current and Constant Dollars (in $millions)
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Source: Current dollarsfor 1959-2003 are from the Aeronautics and Space Report of the President:
FY 2003; for 2004-2005, from the Historical Tables of the Budget of the U.S. Government, FY 2006.
Constant dollars (adjusted for inflation to reflect 2005 dollars) were cal culated by CRSusing the GDP
(chained) price index. The spike in NASA funding in 1987 was to cover the costs of building a
replacement orbiter after the 1986 Space Shuttle Challenger tragedy.
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Table 1. NASA Budget Authority, Past Ten Years (1996-2005)
(in millions of dollars)

e e (una&ﬂggtfgoilﬁlr:ﬁon) égjnjs?g fzc?roiSnll?lg![Ii?)rns)
1996 13,884 16,332
1997 13,709 15,840
1998 13,648 15,581
1999 13,653 15,384
2000 13,601 15,002
2001 14,230 15,355
2002 14,868 15,751
2003 15,364 15,998
2004 15,379 15,602
2005 16,197 16,197

Source: Current dollarsfor 1959-2003 are from the Aeronautics and Space Report of the President:
FY 2003; for 2004-2005, from the Historical Tables of the Budget of the U.S. Government, FY 2006.
Constant dollars (adjusted for inflation to reflect 2005 dollars) were cal culated by CRS using the GDP
(chained) price index.

Congressional Committee Reorganizations

Historically, NASA has been part of the appropriations bill covering the
Department of Housing and Urban Development (HUD), Department of Veterans
Affairs(VA), and Independent Agencies, including the National Science Foundation
and the Environmental Protection Agency. The House and Senate appropriations
subcommittees with oversight over that bill were dubbed the “VA-HUD-IA”
subcommittees.  In the 109" Congress, the House decided to reorganize its
Appropriations Committee, reducing the number of subcommittees from 13 to 10.
The VA-HUD-IA subcommittee was one of those abolished. NASA now is part of
the newly established Science, State, Justice, Commerce (SSJC) subcommittee.
Press accounts’ trace the origin of the reorganization to House M gjority Leader Tom
Del ay’ sdissatisfaction with deep cutsfor NASA recommended by theVA-HUD-IA
subcommitteein the FY 2005 deliberations (see CRS Report RL32676), and adesire
to eliminate the funding competition between NASA and other popular programs
such as housing and veterans medical care.

The Senate also eliminated its VA-HUD-IA subcommittee, but retained atotal
of 12 subcommittees (down from 13). NASA was moved into the newly established

® For example, see U.S. House Republican Pushes for Spending Change, Reuters, February
9, 2005 (via Factiva); and Hulse, Carl, There's No Talk of Dollarsin This Battle Over the
Budget, New Y ork Times, February 16, 2005 (via Factiva)
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Commerce, Justice, and Science (CJS) subcommittee. The Senate CJS
subcommittee sjurisdictionisdifferent fromits House counterpart in that the House
subcommittee includes the State Department.

NASA’s Senate authorizing committee, the Senate Commerce, Science, and
Transportation Committee, al so reorgani zed itssubcommitteestructure. Previously,
NASA was part of the Science, Technology and Space Subcommittee. Inthiscase,
the committee added several new subcommittees, and technol ogy i ssuesweremoved
toadifferent one. Thesubcommitteethat overseesNASA isnow named the Science
and Space Subcommittee. The House Science Committee, which authorizesNASA
activitiesin the House, maintained the same structure asin the 108" Congress, with
NASA issues under the purview of the Space and Aeronautics Subcommittee.

Overview of NASA’s FY2006 Budget Request

NASA is requesting $16.456 billion for FY 2006, a 2.4% increase over the
$16.070billion (adjusted for therescission) appropriated in the FY 2005 Consolidated
Appropriations Act (P.L. 108-447). NASA also received $126 millionin aFY 2005
supplemental for hurricanerelief (P.L. 108-324), giving it atotal of $16.196 billion
for FY2005. The FY 2006 request is a 1.6% increase above that total. Last year,
NASA was projected to receive a 4.7% increase for FY2006. NASA has
substantially changed its budget structure again, as it has each year for the past
severa years, making comparisons across fiscal yearsdifficult. Footnotesto Table
2 explain budget structure changes from FY 2005.

NASA submitted a FY 2006 budget amendment on July 15, 2005, available at
[ http://mwww.whitehouse.gov/omb/budget/amendments/amendment_7_15 05.pdf].
It reflects, in part, the shifting of two programsinto the Exploration SystemsMission
Directorate (ESMD): ISS Crew/Cargo services ($168 million) from the International
Space Station theme in the Space Operations Mission Directorate, and the Lunar
Robotic Exploration Program ($135 million) from the Solar System Exploration
theme in the Science Mission Directorate. These changes are consistent with the
statement in NASA’sMay 10, 2005 operating plan update that these moves had been
made for FY 2005. Thus, the FY 2006 funding request for the ESMD increases by
$303 million in the budget amendment. The budget amendment makes anumber of
other changes, which are discussed elsewhere in this report as appropriate.

Some of thefieldsin Table 2 are necessarily blank because of how the various
congressional committeeshaveacted onthebills. Althoughincreasesand decreases
for specific programsare noted inthe text of the House and Senate committeereports
accompanying the appropriations bill (H.R. 2862), overall funding levels are
identified only at the account level. The Senate version of the authorization bill (S.
1281) aso identifies funding only at the account level.  The House-passed
authorization bill creates a different account structure than that used in NASA’s
regquest, and it cannot be adapted for usein Table 2. Therefore, Table 2 showsonly
the total for the agency recommended in H.R. 3070. See Table 3 for the structure
and funding levels recommended in H.R. 3070.
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Table 2. NASA’s FY2006 Budget Request
(Budget Authority, in millions of dollars)

FY 2005 FY 2006
Category Egt?mate Reques Appropriations Authorization
(I ng;:ln?p (Amended) || House Senate House Senate
passed cmte passed cmte
Science, Aeronautics, and **7.619 **9 829 9,726 9,761 9,661
Exploration
Science” 5,527 5,342
Aeronautics 906 852
Biol. and Phys. Research 1,004 —B
Exploration Systems 25 3,469
Education 217 167
Exploration Capabilities **8,358 **6,505 6,713 6,603 6,863
Space Operations 6,704 6,595
- Space Shuttle 4,543 4,531
- International Space Sation 1,676 1,689
- Space and Flight Support 485 376
Exploration Systems 1,654 — ¢
Inspector General 31 32 32 32 32
Total Regular 16,070 16,456 || 16,471 16,396 16,966 16,556
Appropriations
FY 2005 Hurricane Suppl. 126
Grand Total 16,196 16,456 || 16,471 16,396 16,966 16,556

Source: FY2005 Estimate and FY2006 Request from the Office of Management and Budget

[ http://www.whitehouse.gov/omb/budget/fy2006/nasa.html], except for space shuttle, spacestation, and spaceand flight

support, which are from NASA’s FY 2006 budget justification. Grand Total was added by CRS. The FY 2006 request

figuresare adjusted for the July 15, 2005 budget amendment. Appropriationsand authorization figuresare from NASA

FY 2006 funding bills (H.R. 2862, H.R. 3070, and S. 1281) and associated committee reports. The budget amendment

was submitted after the committees had acted on the original request. Totals may not add due to rounding.

* Figuresin this column are from the December 23, 2004 version of NASA’s operating plan, as provided in NASA's
FY 2006 budget justification documents. An updated version of the operating plan, dated May 10, 2005, is
availableon NASA’ sbudget website [ http://mww1.nasa.gov/pdf/115071main_FY05 op_plan_may.pdf]. TheMay
updateis presented in the budget structure used for the FY 2005 budget, however, and cannot be used to update
thistable (which isin the FY 2006 budget structure).

** The FY 2005 total sfor the SA& E and Expl oration Capabilities accounts are different from thosein thetableincluded
in NASA’sFY 2006 budget j ustification documents because OMB showsthe shift of “ Exploration Systems” from
one account to the other. The NASA table usesthe FY 2006 budget structure without showing a“trace” between
last year' s budget presentation and this year’s. Since the OMB data show that trace, and include FY 2004, they
are used in this report.

A1n the FY 2006 request, “ Science” incorporates the former Space Science and Earth Science line items.

B In the FY 2006 request, Biological and Physical Research became part of Exploration Systems.

€ In the FY 2006 request, funding for Exploration Systems was moved into the SA& E account.
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Congress gave NASA significant latitude in how it could spend its FY 2005
funding. The conference report refers to it as “unrestrained transfer authority”
between NASA’ stwo major budget accounts. NASA must notify Congress of how
it plans to spend the money, and is doing so through the traditional process of
submitting periodic “operating plans.” An Initial Operating Plan was sent to
Congress on December 23, 2004,° but it stated that further changes would be
forthcoming. Themost recent revisionwas submitted to Congresson May 10, 2005.”

Despite the fact that NASA received approximately the same amount that it
requested in FY 2005, the agency isunder significant funding constraints. Asnoted,
$126 million of thetotal isasupplemental to help NASA recover from the hurricanes
that damaged NASA facilities at Kennedy Space Center, FL in 2004. The NASA
budget was subject to an across-the-board rescission, reducing the appropriated level
from $16.200 billion to $16.070 billion. Morethan $1 billion in other funding must
be spent on activities that were not included in the FY 2005 request: increased costs
for returning the shuttleto flight status ($762 million); congressionally directed items
(approximately $400 million, including $291 million to service the Hubble Space
Telescope); and cost increases in other NASA programs. NASA Administrator
Griffin testified to the Senate Appropriations CJS subcommittee on May 12, 2005,
about one month after he took office. His statement covered both the FY 2006
request, and the May 10 update to the FY 2005 operating plan. He emphasized that
NASA does not have sufficient money to fund all the programsit hasonits plate for
FY 2005, and priorities must be set. His priorities are discussed below.

As noted by the House and Senate A ppropriations Committees, and the House
Science Committee, intheir reportson NASA’sfunding bills (seebelow), NASA’s
FY 2006 budget justification documents contained significantly less detail than in
previousyears. Thecommitteesdirected NASA to provide moredetail in thefuture.
However, because of that lack of detail in publicly available documents, it is not
aways possible in the lists below of committee actions to indicate the amount that
was requested for a particular activity.

Appropriations Action on the FY2006 Request

House (H.R. 2862). The House SSIC appropriations subcommittee marked
up its version of the FY 2006 appropriations bill on May 24, 2005. It was reported
from the full committee on June 10 (H.R. 2862, H.Rept. 109-118), and passed the
House on June 16. The committee recommended, and the House approved, $16.471
billionfor NASA, anet increase of $15 million abovetherequest. Intotal, the House
added $64.76 million for the Science, Aeronautics, and Exploration account, and cut
$50 million from the Exploration Capabilities account as follows:

¢ The December 23, 2004 plan waspublicly released by NASA in February 2005 and isused
inNASA’sFY 2006 budget justification, avail ableat [ http://www1.nasa.gov/about/budget/].

" The May 10, 2005, update to the operating plan is available on NASA’s website at
[http://www1.nasa.gov/pdf/115071main_FY 05_op_plan_may.pdf].
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Science, Aeronautics, and Exploration

Anincrease of $30 million for the Glory earth sciences mission ($5
million was requested);

e Anincrease of $10 million for the Space Interferometry Mission;
e Anincrease of $54 million for aeronautics research, restoring it to

its FY 2005 level ($906 million);

Anincrease of $2 million for education programs ($167 million was
requested);

An increase of $50 million for continuation of unspecified
congressionally-directed programs that were terminated in the
budget request;

A decrease of $25 million from exploration systems research and
technology ($919 million was requested);

A decrease of $25 million from human systems research and
technology ($807 million was requested);

A decrease of $31 million from corporate administrative costs, of
which $10 million is from the Office of Advanced Planning and
Integration, which the committee said was being eliminated; and
A direction that $10 million of the funds provided for non-
programmatic construction of facilities be allocated for the Institute
for Scientific Research, Inc. for construction of research facilities.

Exploration Capabilities

Senate (H.R. 2862). The Senate CJS appropriations subcommittee marked
up its version of H.R. 2862 on June 21, and the bill was reported from the full
committee on June 23 (S.Rept. 109-88). The bill recommended a net cut of $60
million, adding $100 million for the Science, Aeronautics, and Exploration account,
and cutting $160 million from the Exploration Capabilitiesaccount. Thereport lists
several specificincreases, but only two specific decreases, which do not total the $60
million net reduction. Thereport makesanumber of recommendationsabout funding
levels, and in some cases directs NASA to spend funding in acertain manner. In
many cases, these do not involve increases above a requested funding level, but
instead are instructions on how to spend the funds. In other cases, it isnot clear if it

A decrease of $10 million from the International Space Station
($1.86 billion was requested);

A decrease of $10 million from ISS Crew/Cargo Services (included
in the ISS request above);

A decrease of $10 million from Rocket Propulsion Testing ($69
million was requested);

A decrease of $10 million from Space Communications ($173
million was requested); and

A decrease of $10 million from Launch Services ($124 million was
requested), but none can be taken from the Small Payload Launch
program.

isan increase, or a specified allocation.
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Science, Aeronautics and Exploration

e Anincrease of $250 million for a Hubble servicing mission (none
was requested for a servicing mission, although $191 million is
requested for the Hubble program);

e An increase of $30 million for the National Center for Advanced
Manufacturing;

e An increase of $15 million for Earth Science Applications ($52
million was requested) was included in a recommendation of
“$102,837,000 million within this account to supplement the areas
of earth science and exploration”;

e A direction that $50 million be alocated for unspecified
congressionally-directed initiativesterminated in the budget request;

e Adirectionthat $20 million of Exploration Systemsfunding be used
for the evaluation of alternative small spacecraft technologies with
the potential for dramatically lowering planetary exploration costs;

e A recommendation that $25 million be used to continue hypersonic
engine technology research (none was requested);

e A directionthat the Research Partnership Centersand the University
Research Engineering and Technology Institutes be funded at the
samelevel asin FY 2005 (precisefigureswerenot provided either in
NASA'’s budget documentation or in the committee’ s report);

¢ A recommendation that within the funds for education, $12 million
be for EPSCoR, $29.55 million for the Space Grant program, and
$54.233 million for other education-related activities (EPSCoR and
Space Grant are discussed later in thisreport, the total requested for
education is $167 million);

e A recommendation that $10 million be allocated to research and
development for integrated radiation shielding protection,
regenerative environmental control and life support systems,
advanced lifesupport air revitalization, and integrated vehiclehealth
management through the ECLSS Life Test program office;

e A recommendation that, within the funds provided, $20 million be
allocated for the Propul sion Research Laboratory to perform nuclear
thermal propulsion systems development, and research on other
advanced nuclear power propulsion; and

e A decrease of $34 million (the entire request) for the Centennial
Challenges program.

Exploration Capabilities

e A decrease of $160 million (the entire request) from ISS
Crew/Cargo Services.

Authorization Action on the FY2006 Request

Congress also is debating an authorization bill for NASA. The House-passed
version (H.R. 3070, H.Rept. 109-173) is a two-year hill providing funding for
FY 2006 and FY 2007. The Senate version, as reported from the Senate Commerce,
Science, and Transportation Committee (S. 1281, S.Rept. 109-108), is a five-year
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bill, for FY2006-2010. The most recent NASA authorization act was enacted in
2000 and covered FY2000-2002 (P.L. 106-391). The pending authorization bills
contain extensive policy provisions that are too numerous to include in this report.
This report summarizes only the provisions that affect the major issues identified
herein. The following paragraphs pertain to funding recommendationsin the bills.
Policy recommendations are addressed in later sections of thisreport as appropriate.

House (H.R. 3070). H.R. 3070, as passed by the House on July 22, 2005,
authorizes funding for FY 2006 and FY 2007.

Committee Action. Asreported fromthe House Science Committee (H.Rept
109-173), thetotal for FY 2006 wasthe same as approved in the House version of the
appropriations bill (see above) — $16.471 billion, a $15 million increase over the
request. The level for FY 2007 was the same as the projected request in NASA’s
budget documents — $16.962 hillion. As discussed below, these figures changed
significantly in the House-passed version of the bill.

During committee markup, an amendment in the nature of a substitute was
adopted that reflected a compromise between H.R. 3070 as approved by the Space
and Aeronautics Subcommittee on June 29, and H.R. 3250 (Gordon), a Democratic
substitute that was introduced after subcommittee markup. Most Democratic
members of the subcommittee abstained from voting on H.R. 3070 during
subcommittee markup becausethey said they had insufficient timetoreview it. The
amended version of H.R. 3070 that cleared the full committeeisquite different from
the earlier version of H.R. 3070, and from H.R. 3250.

The amended bill adopts the budget structure proposed in H.R. 3250, which is
different from the one used in NASA’s FY 2006 budget request. Instead of three
accounts (Science, Aeronautics, and Exploration; Exploration Capabilities; and
Inspector General), the bill creates four accounts. Science, Aeronautics and
Education; Exploration Systems; Space Operations; and Inspector General. Thus,
funding for “exploration” would be in its own account, instead of with science,
aeronautics and education. According to comments at the markup, the intent is to
create budgetary “firewalls’ that would require closer congressional scrutiny if
fundingisshifted from one set of activities(e.g., science, aeronautics and education)
into another (e.g., exploration). The goal is to maintain balance among NASA’s
activities. The recommended budget structure is shown in Table 3.

The committee shifted some programs from one account to another. As
explained in the report (H.Rept. 109-173), the new Science, Aeronautics and
Education account would include all the programs in the current Science,
Aeronautics and Education lines proposed in the request, except that the Robotic
Lunar Exploration program would be transferred from Science to Exploration
Systems. The Exploration Systems account would include all programscurrently in
the Exploration Systems line in the FY 2006 request, as well as the Robotic Lunar
Exploration Program, and two activities transferred from the Space Operations
account — Space and Flight Support, and ISS Crew/Cargo Services. Thenew Space
Operations account would include only the space shuttle and the International Space
Station (minus the ISS Crew/Cargo Services activity).



CRS-14

H.R. 3070, asreported, further specified that, for FY 2006, of the amount in the
Science, Aeronauticsand Educati on account, $962 million wasfor aeronautics, $150
million was for aHubbl e servicing mission (see below), and $24 million was for the
National Space Grant College and Fellowship program. For FY 2007, the hill as
reported from committee specified that, of the amounts in the Science, Aeronautics
and Education account, $990 million was for aeronautics, and $24 million was for
the National Space Grant College and Fellowship program.

Floor Action. The House adopted a manager’s amendment during floor
debate on H.R. 3070 that significantly increased the authorization level for both
FY 2006 and FY 2007. The new amounts are shown in Table 3. Intotal, $510 was
added for FY 2006, and $765 million for FY2007. The amounts for Science,
Aeronautics and Education are unchanged from the committee-reported bill. The
total for Exploration Systems increases by $663 million in FY 2006 and by $925
million in FY2007. The total for Space Operations (i.e., the space shuttle and the
International Space Station) was reduced by $168 million in FY 2006, and by $160
million in FY 2007. The specific amounts identified in the committee-reported hill
remained unchanged, and, for FY 2006, $8.9 million was specified for the Science
and Technology Scholarship Program.

Table 3: Recommended Funding Levels and Budget Structure in

H.R. 3070
(in $ millions)
Asreported As passed

Category

FY2006 | FY2007 FY2006 | FY2007
Science, Aeronautics and
Education 6,870 7,332 6,870 7,332
Exploration Systems 3,181 3,589 3,844 4514
Space Operations 6,387 6,008 6,219 5,848
Inspector General 33 34 33 34
Total 16,471 16,962 16,966 17,727

Sour ce: H.R. 3070 as reported from the House Science Committee July 18, 2005 (H.Rept.
109-173) and as passed by the House July 22. Column totals may not add due to rounding.

Senate (S. 1281). S. 1281 (S.Rept. 109-108), as reported from the Senate
Commerce Committee on July 26, 2005, would provide afive-year (FY 2006-2010)
authorizationfor NASA. Theauthorizationfor FY 2006 and FY 2007 isbroken down
into the three accounts used in NASA’ srequest, but not further allocated to specific
programs. For FY 2008-2010, only atotal for the agency isprovided. (See Table11
at the end of thisreport for those figures.)

For FY 2006, $16.556 billion is recommended, a$100 million increase above
therequest. That additional funding, in the Exploration Capabilities account, isfor



CRS-15

implementing a section of the bill that pertains to increasing the scientific research
conducted aboard the ISS. For FY 2007, a $91 million increase is recommended:
$17.053 billion. The additional funding similarly isin the Exploration Capabilities
account, but thereisno language specifying how it should be spent. The bill contains
anumber of policy provisions, and requires NASA to submit certain reports. These
are discussed in subsequent sections of this report as appropriate.

Major NASA Issues

Should NASA Be a “Single Mission” Agency Implementing
the Vision for Space Exploration?

On January 14, 2004, President Bush made a major space policy address in
which he directed NASA to focus its activities on returning astronauts to the Moon
by 2020, and someday sending them to Mars and “worlds beyond.” Officially this
policy is called the “Vision for Space Exploration,” VSE, or simply “the Vision.”
CRS Report RS21720 discusses the Vision in more detail.

A key question is whether the Vision should be NASA’s single focus, which
could beadefactoresult of the President’ sdecision to fund the Vision by redirecting
funds from NASA’s other activities, instead of adding substantial new money.
Programs throughout the agency are being affected. The space shuttleand U.S. use
of the International Space Station (1SS)® would end earlier than anticipated. NASA
has split its activities into those that are “Vision-related” and those that are not.
Thosethat are not — aeronautics, earth science, and certain space sciencedisciplines
— apparently would bear the brunt of cutbacksasNASA “transforms” itself into an
agency focused on achieving the goals set forth by President Bush. Related
personnel cutbacksare anticipated. However, funding for individual Vision-related
projectsisnot secureeither, asNASA Administrator Griffin shiftsmoney from some
programs (such as Project Prometheus) into accelerating development of others
(notably the Crew Exploration Vehicle).?

Congressis debating whether to adopt the President’ s Vision as announced, or
tomodifyit. AtanApril 28, 2005 hearing on NASA'’ searth science program, House
Science Committee Chairman Sherwood Boehlert cautioned that he was*“ somewhat
concerned that NASA is being viewed by some as almost a single-mission agency,
and it’s much more than asingle-mission agency, and I’m proud to identify with the

8 The International Space Station isbeing built asapartnership with Canada, Russia, Japan,
and 10 European countries. Although NASA now plansto complete its use of the ISS by
FY 2017, the other partners could continueto useit. Thefuture of the ISSisdiscussed later
in this report.

° 1t should be noted that some of the funding changes in NASA’s FY 2005 budget that are
negatively impacting certain science programs are not due to the Vision, as sometimes
suggested in press accounts, but to funding requirements for returning the shuttle to flight
status, for congressionally-related items (including $291 million for amissionto servicethe
Hubble Space Telescope), and for coping with cost growth in existing science programs.
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various missions of NASA, including the President’'s Vision for Space
Exploration.”*® (See below for more on Congress' deliberations.)

Dr. Griffintestified at his April 2005 confirmation hearing that NASA pursued
abroad range of activities during the Apollo program in the 1960s and early 1970s,
and sees no reason the agency cannot do so while implementing the Vision.*
(Appendix B provides a summary comparison of NASA’s human space flight,
robotic space flight, and aeronautics activities by decade.) He concluded that the
total amount of NASA funding is not the problem, pointing out that NASA received
approximately the same amount of money initsfirst 16 yearsasit hasin the past 16
years (adjusted for inflation). Instead, he said, it isamatter of setting priorities.

Key Features of the Vision. Under the Vision as delineated in January
2004, NASA would terminate the shuttle program in 2010 when construction of the
International Space Station (ISS) is completed, instead of operating the shuttle until
2015 or beyond as planned prior to the Columbia tragedy. The scientific research
program aboard the ISS would be restructured to support only research associated
with achieving the Vision instead of the broadly-based program that was planned.
NASA would end its use of 1SS by FY 2017 instead of using it for at least 10 years
after assembly is completed, as previously planned. President Bush directed NASA
tobuildaCrew Exploration Vehicle (CEV), withademonstration flight by 2008, and
an operational capability to low Earth orbit no later than 2014. Its primary purpose
is transporting astronauts to and from the Moon. NASA also would build robotic
probes as “trailblazers’ for the astronauts, and launch other robotic missions to
explore the solar system and the universe, including new space telescopes. The
President invited other countriesto join in the initiative.

One of the first questions raised by the Vision is whether or not the United
Statescan affordit. Initialy, the President and NASA did not provide cost estimates
for achieving the goals, only budget estimates for FY 2005-FY 2009, and a “sand
chart” of budget projectionsthrough FY 2020 (seeFigure4). Thesand chart showed
aNASA budget that would increase approximately 5% each year for FY 2005-2007,
less than 1% in FY2008 and 2009, and remain roughly level with inflation
(approximately 2%) beyond FY2009. NASA officias said the intent of the chart
was to demonstrate there was no “balloon” in funding past FY2009. The total
amount of funding for the Vision represented in the chart appears to be $150-170
billion. Taking most of the requisite funds from other NASA programs instead of
adding new money for the agency may mitigate concerns that the Vision could
increasethe deficit or detract from other national priorities. But it rai sesissues about
the impact on those other NASA programs, and whether the level of funding is
adequate to achieve the goals.

19 House Science Committee hearing on NASA’s Earth science program, April 28, 2005.
Transcript provided by Federal Document Clearing House (via Factiva).

1 Dr. Michael Griffin, testimony beforethe Senate Commerce, Science, and Transportation
Committee, April 12, 2005. Transcript by Federal Document Clearing House (viaFactiva).
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In late February 2004, NASA released acost estimate for landing acrew on the
Moon in 2020 — $64 billion (in FY2003 dollars). It consisted of $24 billion
(FY 2004-2020) to build and operate the Crew Exploration Vehicle; and $40 billion
(FY 2011-2020) to build the lunar lander portion of that vehicle, a new launch
vehicle, and operations. The estimate does not include the cost of robotic missions.
NASA did not provide an estimate for sending astronauts to Mars.

Whatever the total cost, the question remains as to whether NASA’s annual
budget is sufficient to support implementation of the Vision. As noted, NASA’s
request for FY 2006 is less than what the White House projected last year, so the
Vision did not survive even itsfirst year of priority setting within the total national
budget. Some critics assert that the Vision is more about ending NASA programs
than setting the nation on abold path towardsthefuture. V eteran space commentator
John Pike, who operatesthe global security.orgwebsite, called theVision* aroadmap
for the quiet and orderly phase-out of manned space flight.”*?

Personnel Impacts. Another aspect of the Vision isits effect on NASA’s
workforce. NASA’ sFY 2006 budget justification, whichincludesprojectionsfor the
followingfour years(i.e., though 2010), assumesthat the agency will cut about 2,500
civil service jobs by the end of FY2006. The agency is offering buy-outs and other
incentives to encourage staff in certain disciplines to leave, but to date these efforts
have not achieved their targets. NASA officialsexplain that everyone who currently
isemployed by NASA is funded through the end of FY 2006.

As discussed below in the section on the future of the aeronautics program,
many of the personnel cuts are expected in the aeronautics field, where significant
funding cutbacks are being proposed because aeronautics is not considered to be a
Vision-related activity. Four of NASA'’ sfield centersfocus primarily on aeronautics
research— Langley, Glenn, Ames, and Dryden — and are expected to bear the brunt
of the personnel cuts. Dr. Griffin has been visiting each NASA center, reassuring
workersthat the centersthemsel veswill not be closed, but cautioning that workforce
changes are inevitable as NASA shiftsits focus to implementing the Vision.

Congressional Reaction. Asnoted, House Science Committee Chairman
Boehlert has expressed concern that NASA not become a single mission agency.
Science Committee Ranking Democrat Bart Gordon similarly has said that he
strongly supports exploration, but “NASA isheaded for a potential train wreck asit
puts al its eggs in the exploration basket at atime when deficit concerns are going
to keep squeezing discretionary spending.”** Headded that “cannibalizingNASA’s
science and aeronautics programsto fund the exploration initiativewill further erode
the base of support for NASA in Congress.”

As discussed below (see the FY 2005 Budget subsection), although Congress
appropriated funds for the Vision in FY 2005, conferees on the appropriations bill

12 Quoted in: Jeffrey F. Bell. The Bush Space Initiative: Fiscal Nightmare or... Fiscal
Nightmare? SpaceDaily, March 17, 2004.

13 Representative Bart Gordon, February 17, 2005 press release
[http://www.house.gov/science_democrats/rel eases/05feb17.htm]
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emphasized that it was not an endorsement of the plan. At the February 17, 2005
hearing, Chairman Boehlert made the point that “ Congress has never endorsed — in
fact, has never discussed — the Vision. What we did do ... is provide the money to
enable NASA to continue planning..., but the truly critical spending commitments
start isfiscal year ‘06, so this year is when we must have the debate.” **

All of the pending NA SA funding billsexpress support for the goals enunciated
in the Vision specifically or generaly, but they also call for NASA to continue to
have a balanced set of programsin science, aeronautics, and exploration.

The House A ppropriations Committee report said that it was concerned about
maintaining the nation’s leadership in science and technology, including in
aeronautics. “However, given the serious nature of the budget deficit facing the
nation the Committee was forced to make anumber of difficult choicesin allocating
the scarce resources available to NASA and has proposed what it believesisamore
balanced budget that both supports the new vision but does not abandon NASA’s
other core functions.” (H.Rept. 109-118, p. 102).

The Senate Appropriations Committee called on NASA to lay the groundwork
for implementing the Vision, but added that it is“ concerned that NASA will neglect
areas that will only tangentialy benefit from, or that do not fit within, the proposed
vision.” Thereport added that the committee“is concerned that the strong, balanced
science program that has served the Nation so successfully for many years could be
left behind instead of being nurtured and sustained...” (S.Rept. 109-88, p. 89)

TheHouse Science Committee’ sreport said that the committee” expectsNASA
to continue to support productive programs in human space flight, aeronautics and
science, including space science, earth science, and microgravity. ...[E]ach must be
evaluated on its own merits. For that reason, this Act directs NASA to move ahead
with the President’s Vision for Human Space Exploration, while coming up with
separate “visions’ to guide the other NASA programs. The Committee is pleased
with Administrator Griffin’s commitment to operate NASA as a multi-mission
agency.” (H.Rept. 109-173, pp. 45-46.)

The Senate Commerce, Science, and Transportation Committee’ s report notes
that the bill provides authority and policy guidance for implementing the Vision “in
amanner that maximizesthe use of the Nation’ s previousinvestmentsin civil space
programs and the resulting wealth of expertise and proven technologies. ... The hill
would also ensure that an appropriate balance is maintained among NASA’s
important missions of exploration, space operations, aeronautics research, and
science. (S.Rept. 109-108, p. 2.) The Senate authorization bill has a strong focus
on utilizing the International Space Station for the broadly based research agenda
originally planned, rather than the narrower objectives it would serve under the
Vision, and on retaining the space shuttle until a replacement vehicle is available,
rather than terminating the shuttle in 2010.

1 Representative Sherwood Boehlert. Opening statement, hearing on NASA's FY 2006
budget request [ http://mwww.house.gov/sci ence/hearings/full05/feb17/February172005.htm],
February 17, 2005.
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FY2005 Budget. For FY 2005, Congress appropriated atotal for NASA that
was quite close to its requested amount: $16.196 billion (including the hurricane
supplemental and adjusted for the across-the-board rescission) versus the $16.244
billion requested.”™ House Magjority Leader Del_ay iswidely credited with winning
that fundinglevel for NASA .** Many commentators concluded thefunding level was
a sign of congressiona support for the Vison. However, conferees on the
Consolidated Appropriations Act explicitly stated that although they were
appropriating substantial fundsfor the Vision, “to date there has been no substantive
Congressional action endorsing this initiative.” (H.Rept. 108-792, p. 1599). They
called on the House and Senate authorizing committees to provide guidance and
authorization for theeffort. Thus, the FY 2005 funding level isnot necessarily asign
of congressional support. The conferees made thefollowing commentsvisavisthe
Vision:

e Theydirected NASA toincludeinall future budget justificationsthe
phase-out schedulesfor programsthat will be terminated in order to
fund the Vision.

e They directed NASA to forward a comprehensive package of
authorization legislation for consideration by the 109" Congress.

e They were concerned that NASA was not giving adequate attention
to the heavy lift launch requirements of the Vision and directed
NASA to report to the appropriations committees within six months
of the bill’ senactment regarding those needs and how to meet them.

e They were concerned that initial planning for the CEV is
insufficient, and directed NASA to provide the appropriations
committees with a report detailing the criteria and developmental
goals the CEV must meet, and other information. They cautioned
NASA not to repeat the mistakes of the space station program,
“where poor management and | ack of independent oversight resulted
in magor cost overruns.” They directed NASA to identify “an
independent oversight committee capable of examining the design,
technol ogy readiness, and most importantly the cost estimatesfor the
CEV.” That committeeisto report to the NASA Administrator and
the appropriationscommitteesonitsfindingsand recommendations.

FY2006 Budget Request. As noted, the requested increase in NASA’s
FY 2006 budget is substantially less than was forecast by the White House | ast year.
Itiseither 2.4% more, or 1.6% more, than the FY 2005 appropriated level depending
on whether the emergency supplemental for hurricane relief is included, instead of
4.7% more as had been projected. Some therefore view the FY 2006 request as an
indication of soft support from the White House for implementing the Vision.

> For action on NASA’s FY 2005 budget request, see CRS Report RL32676.

1 For example, see Tax Record Spat Slows Omnibus Spending Vote in Senate, Congress
Daily PM, November 20, 2004, (Special Edition).
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Within NASA’ stotal budget request, what constitutesfunding for the“Vision”
isopentointerpretation. Theentire NASA budget islabeled “ Exploration Vision,”
but a FY 2006 NASA budget chart (reproduced as Table 4) dividesthe request into
threecategories. “ exploration-specific,” “ shuttle & spacestation,” and“ earth science,
aero, & other.” Some may consider the Vision funding as that contained in the
“exploration-specific” category. Others may add funding for the space shuttle and
gpace station, since those are often described as the first steps in the Vision.
Alternatively, funding specifically for the Exploration Systems Mission Directorate
(ESMD, see Table 2) could be defined as funding for the Vision

The House Appropriations Committee cut $50 million from research and
technol ogy accounts associated withthe Vision, but approved therest of thefunding.
The Senate Appropriations Committee reduced NASA’ soverall funding (described
earlier) but did not specify where al of the cutswould be made. Funding for specific
programsis not identified in the pending Senate authorization bill.

Asdiscussed earlier, H.R. 3070, the House version of the authorization bill, as
reported from committee (H.Rept. 109-173), creates a separate budget account for
Exploration Systems within NASA’ s budget structure. The amount recommended
for FY2006 is $3.181 hillion, $16 million more than NASA requested for
Exploration Systems. For FY 2007, the committee recommended $3.589 hillion,
$118 million more than projected in the FY2006 NASA budget documents for
Exploration Systems. Asdiscussed earlier, the programsthat comprise* Exploration
Systems’ in the House bill are different than the NASA request, so direct
comparisons cannot be made.

The House-passed version of H.R. 3070 aso prohibits NASA from
implementing any Reductionsin Force (RIFsS) or other involuntary separations (other
than for cause) before February 16, 2007. It further prohibits buyouts until 60 days
after NASA transmits to Congress a human capital strategy specified in the bill.
What impact these restrictions would have on NASA’s budget is unclear. (The
House substantially increased the authorized funding level for NASA both for
FY 2006 and FY 2007 as shown in Table 3.)
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Dr. Griffin’s Proposed Changes. Asnoted above, Dr. Griffin testified to
the Senate Appropriations CJS Subcommitteein May 2005 that NASA doesnot have
sufficient money to fund all the programs it has on its plate for FY 2005, and
prioritiesmust beset. Dr. Griffin’schief priorities are returning the shuttle to flight
and making each flight as safe as possi bl e, compl ete construction of the space station
by 2010, terminate the shuttle in 2010, and accel erate the devel opment of the Crew
Exploration Vehicle (CEV) to minimize the gap between when the shuttle ends and
the CEV isavailable. These priorities are affecting spending plans for FY 2005 and
FY 2006.

e TheCrew Exploration Vehicle (CEV) and alaunch vehicle for it
— the Crew Launch Vehicle (CLV) — have becomethemajor focus
of the Exploration Systems Mission Directorate (ESMD). They are
both funded under “Constellation Systems’ within ESMD. Dr.
Griffin has stated repeatedly that he wants to close the gap between
when the space shuttlewill be terminated (2010) and when the CEV
becomes available. He also has added servicing the International
Space Station to the CEV’s requirements. Previously, NASA
officials insisted that the CEV’s mission was to take astronauts to
and from the Moon. They would not commit to its use as aferry to
the ISS, in order to keep the CEV design focused on the lunar
transportation requirement. Instead of looking for new conceptsfor
the CEV — which might be expensive and take time to develop —
Dr. Griffin emphasizesthat it should be simple and straightforward,
and therefore not require significant development time. He has
decided that instead of funding two contractors with competing
designsthrough 2008, as originally planned, the agency will choose
a single contractor in 2006. Dr. Griffin estimates that
“downselecting” to one contractor that early could save $1 billion.
Inthenear term, however, additiona fundsareneeded. TheFY 2006
budget amendment submitted on July 15, 2005 shifts $292 million
into CEV/CLV from other ESMD activities. The following
reductions are specified: $122 million from the $919 million
requested for Exploration Systems Research and Technol ogy; $140
millionfromthe $320 millionrequested for Project Prometheus(see
bel ow); and $30 million from the $807 million requested for Human
Systems Research and Technology (see Biological and Physical
Research, below).

e Project Prometheusisaprogramto devel op new nuclear power and
propulsion systems, and was initiated by NASA prior to the Vision
speech. NASA initially requested $320 million for FY 2006, but the
July 15 budget amendment reduced that request by $140 million,
with that amount instead shifted into the CEV/CLV effort. The
goalsof Project Prometheusal so are changing. Itsoriginal goal was
developing Nuclear Electric Propulsion (NEP) and advanced
Radioi sotope Thermoel ectric Generators (RTGs). A robotic probe,
the Jupiter Icy Moons Orbiter (JIMO), which was designed to study
three of Jupiter’ smoons, wasto bethefirst mission to use these new
systems. RTGs have been used by NASA sincethe 1960sto supply
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power for spacecraft systems and experiments on probes that travel
so far from the Sun that solar energy-based systems are impractical.
RTGs also can be used for spacecraft that land on surfaces where
they will experience “night” for long periods. NASA has not used
nuclear propulsion, either NEP or adifferent type, Nuclear Thermal
Propulsion (NTP), in the past, athough NASA worked on
developing NTP in the 1960s and early 1970s. Dr. Griffin has
changed thefocus of Project Prometheusto nuclear “ surface power”
systems (for use on the lunar surface, e.g.), and NTP. Development
of NEPisnow third on the priority list. JIMO has been indefinitely
deferred.

Funding for biological and physical resear ch, including that to be
conducted aboard the International Space Station, will be cut further
to enable acceleration of the CEV. Previoudly this research was
funded by the Office of Biological and Physical Research (OBPR),
which was merged with the Office of Exploration Systemsto form
the ESMD in August 2004. Activities that were conducted under
OBPR are now funded in the “Human Systems Research and
Technology” linein ESMD’ sbudget. NASA isdevelopingarevised
research plan for the ISS and for supporting the Vision, including
identification of what must be done on the ISS versus using ground-
based facilities. The details have not been released. Dr. Griffin's
announcement that he will tap these research funds to help pay for
accelerating the CEV is likely to further affect that research plan.
The initial FY2006 request for Human Systems R&D was $807
million. The July 15 budget amendment shifts $30 million of that
into the CEV/CLYV effort.

Management responsibility for theL unar Reconnaissance Or biter
(LRO) has been shifted from the Science Mission Directorate to the
ESMD. The LRO’s purpose is to support the Vision by providing
detailed maps of the lunar surface, but since the former Office of
Space Science was experienced in developing such probes, it was
given management responsibility for LRO originally. Confereeson
the FY 2005 appropriations bill directed that, because it was being
funded by the Office of Space Science, at least 25% of its
experiments should focus on science objectives, rather than those
associated with the Vision. NASA'’ s decision to move the program
into ESMD presumably will makes its purpose and focus clearer.
The FY 2005 funding level will not change from the $53 millionin
the December operating plan. (Congress cut funding for the LRO
from $70 million to $10 millionin FY 2005, but NASA nevertheless
plans to spend $70 million on it — $17 million that was
reprogrammed in FY 2004, and $53 million in FY2005). The July
15 budget amendment similarly moves the $135 million requested
for the Lunar Robotic Exploration Program in FY 2006 from the
Science Mission Directorate into ESMD.
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What is the Space Shuttle’s Future?

The congressional committees that oversee NASA are closely following the
agency’ s effortsto return the space shuttle to flight status following the February 1,
2003 Columbia tragedy. Although NASA launched the first of two “Return to
Flight” missions— STS-114— on July 26, 2005, the agency re-grounded the shuttle
fleet the next day after discovering problems during that launch that are similar to
what led to the loss of Columbia. The Columbia tragedy, STS-114, and the Return
to Flight effort are discussed in CRS Report RS21408. Theimpact of the STS-114
problems on the future of the shuttle is unclear.

At the sametime, thereis considerabl e debate about the shuttle’ sfuturein light
of President Bush's directive that the shuttle — at least in its current form — be
terminated in 2010. Some want the shuttle terminated as soon as possible, either
because they consider it unsafe or because they want to use the money now devoted
to the shuttle program for other aspects of the Vision instead. Others want to keep
the shuttle until the CEV isoperational so that the United Statesis not dependent on
Russia for human access to space. A third option is to define precisely how many
more shuttle missions are needed, and operate the system until they are completed,
whenever that occurs.

Terminating the Shuttle in 2010. All of the remaining shuttle launches
currently on the schedule (or “manifest”) are for ISS construction and servicing.
NASA may restore one other mission contemplated prior to the Columbiatragedy —
to service the Hubble Space Telescope (addressed elsewhere in this report) — but
will not makethat decision until after the shuttle successfully returnstoflight. Most
of the remaining segments of the ISS awaiting launch were designed to be launched
only on the shuttle.  The shuttle also is used to take crews back and forth.
Construction of ISS has been suspended sincethe Columbia accident. NASA andits
| SS partners have been keeping two-man crews aboard 1SS using Russian spacecraft
in the interim.

NASA continuesto assess how many shuttle flights are needed to compl ete the
ISS. Inearly 2005, the estimate was 28, but Dr. Griffin considers only 18 of those
28 to be needed for 1SS assembly. The other 10 comprise five for logistics (taking
food, water, equipment, etc. to theISS) and fivefor utilization (conducting research).
He proposes shifting the logisticsflightsto other launch vehicles, that perhaps could
beprovided by commercial launch serviceproviders, andtodelay NASA’ sutilization
of the ISS. NASA is conducting an assessment of exactly how many more shuttle
flights are needed.

NASA’s FY 2006 request includes budget projections that show the shuttle
budget decreasing significantly beginningin FY 2008 (see Table5). Whether NASA
can succeed in reducing shuttle budgets while maintaining whatever flight rate is
needed isuncertain. The board that investigated the Columbia tragedy cited budget
constraints as afactor.
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Table 5. Space Shuttle Projected Funding: FY2005-2010
(in $ millions)

FY 2005 FY 2006 FY 2007 FY 2008 FY 2009 FY2010
4,543.0 4,530.6 4,172.4 3,865.7 2,815.1 2,319.2

Source: NASA FY 2006 budget justification. The FY 2005 estimate is from NASA’s December 23,
2004 Initial Operating Plan. See the FYY 2005 Budget subsection below for additional changes since
then.

Another factor cited by the Columbiainvestigation board was schedul e pressure
resulting from the ISS assembly schedule. At the time, then-NASA Administrator
Sean O’ K eefe had set compl eting aparticular phase of 1SS construction (called“U.S.
Core Complete’) by February 2004 as a priority. Today, some worry that setting a
firm date of 2010 for completing all shuttle launches is creating an environment
similar tothat prior to Columbia. Dr. Griffin has stated that the shuttle program will
endin 2010 evenif 1SS construction isnot completed. NASA isassessing what new
launch vehicles may be needed to accomplish the Vision and therefore might be
available to service the ISS. (A shuttle derived launch vehicle is one option, as
discussed below).

The Senate authorization bill, S. 1281, would direct NASA not to retire the
shuttle until a replacement human-rated spacecraft has been demonstrated. By
contrast, the House version, H.R. 3070, as introduced and approved at the
subcommittee level, directed that the shuttle not be launched after December 31,
2010. However, the Democratic aternative, H.R. 3250, contained language similar
to that in the Senate bill. The compromise version of H.R. 3070, as reported from
the House Science Committee (H.Rept. 109-173) and passed by the House, is silent
on thisissue.

Proposal for a “Shuttle-Derived” Launch Vehicle. President Bush’'s
directive that “the shuttle” be terminated in 2010 apparently refers to the shuttlein
itscurrent form — avehiclethat takes both crewsand cargo into space. Theconcept
of developing a “shuttle-derived” launch vehicle (SDLV, or SDV) has been
discussed for many years. The need for alaunch vehicle for the new CEV, and a
“heavy lift” launch vehicle to support other aspects of the Vision, has reenergized
debate about the SDLV. Dr. Griffin is astrong advocate of such avehicle.

Therearesevera versionsof an SDLV under consideration. Inone concept, the
shuttle' sorbiter — the airplane-like section that carriesthe crew and cargo— would
be replaced with a cargo pod, which would be mounted to the side asis the orbiter.
Another version would use asingle Solid Rocket Booster (the shuttle uses two, one
on each side of the orbiter), augmented by anew “upper stage,” with a spacecraft on
top. One potential use of this vehicle is to launch the new CEV. $till another
concept would modify the External Tank (the large cylindrical tank that carries fuel
for the orbiter’s main engines) and use it alone or in conjunction with SRBs, with a
spacecraft on top. These latter two optionsare called “in line” designs. Advocates
arguethat the version based on the External Tank could lift approximately 100 tons
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of cargo to low Earth orbit (LEO), five times what could be launched with existing
versions of the other two major U.S. launch vehicles— AtlasV and Delta V.

ChoosingtobuildaSDLV might mitigate some of the workforce displacements
that would result from terminating the shuttle program in its current form. It aso
could bring a new launch vehicle into the U.S. fleet at lower cost than developing a
new vehiclefrom scratch. Butitisnot clear how cost-effectivean SDLV would be.
How many of the*“ standing army” of civil servantsand contractors, how much of the
infrastructure at NASA’ s Kennedy Space Center, and how much redesign would be
needed are under study. Proponentsof the Atlasand Deltaarguethat if NASA used
themfor theVision, thecost per launch would go down, making spacelaunchesmore
affordable for DOD and NASA overall. The Atlas and Deltaalso might be ableto
be modified to launch heavier payloads.

Boeing manufacturesthe DeltalV. Lockheed Martin manufacturesthe AtlasV,
as well as the External Tanks for the space shuttle system. The SRBs are
manufactured by ATK Thiokol. The United Space Alliance, a 50-50 joint venture
between Boeing and Lockheed Martin, isthe “single prime contractor” in charge of
most ground operations for the existing space shuttle system. The two companies
have announced plans to create a similar joint venture, called United Launch
Alliance, to market AtlasV and DeltalV to government customers.

Under a national space transportation policy released by the White House in
January 2005, NASA, in cooperation with DOD, isto evaluate the relative costsand
benefits of EELV's, an SDLV, or anew system.

FY2005 Budget. For FY 2005, NASA requested $4.3 billion for the space
shuttle program, compared with $4 billion in FY2004. NASA informed Congress
in November 2004 that it needed $762 million more in FY 2005 for the shuttle
program, but a budget amendment was not submitted. Congress appropriated the
requested amount, and said that NASA could reprogram funds, or submit a
supplemental request if needed. Accordingto NASA briefing charts accompanying
itsMay 10, 2005 operating plan update, funding was reprogrammed as follows: $55
million from the Science Mission Directorate ($20 million from space science, $35
million from earth science); $375.8 million from the Exploration Systems Mission
Directorate ($73 million from biological and physical research, $204 million from
human and robotic technology, and $98 million from transportation systems); and
$331.2 million from the Space Operations Mission Directorate ($160 million from
the space station, $170 million from space shuttle upgrades, and $1.2 million from
space flight support).

FY2006 Budget Request. NASA’sFY 2006 request for the shuttle program
is$4.5 billion. The House-passed and Senate committee-reported versions of the
FY 2006 Science, State, Justice, and Commerce appropriationsbill (H.R. 2862) fully
fund the shuttle for FY2006. The pending authorization bills do not specify how
much funding is provided for the shuttle. Asnoted above, the Senate bill (S. 1281)

¥ These two launch vehicles were devel oped under the Department of Defense’ s Evolved
Expendable Launch Vehicle program and thus are sometimes referred to as “the EELVS.”
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would direct that the shuttle not be terminated until areplacement isavailable. The
House hill, as passed, is silent on that issue. S. 1281 aso would direct NASA to
develop an implementation plan for transitioning to a new system for launching
crews that uses the shuttle personnel, capabilities, assets, and infrastructure to the
fullest extent possible.

What Should Be the U.S. Strategy for the International Space
Station Program?

NASA began what is now known as the International Space Station (1SS)
program in 1984. Canada, Japan, 10 European countries, and Russia are partners
with the United Statesin building the space station. For moreinformation, see CRS
Issue Brief 1B93017.

Assembly of the space station was originally intended to be compl eted by 1994,
followed by 30 years of operation during which awide variety of scientific research
would be conducted. Theresultsof that research were expected to have applications
on Earth such as new and better pharmaceuticals, metal alloys, and manufacturing
processes. The original cost estimate was $8 billion (in FY 1984 dollars).

Twenty-one years and approximately $35 billion later, whether those promises
will be met is uncertain.  Under the Vision, NASA is directed to meet its
commitments to the other partners, finish construction in 2010, and complete its
utilization of thelSSby FY 2017. (Theother partners could continueto useit beyond
that time.) The President directed that the only research conducted by NASA isthat
needed to implement the Vision, not the broadly-based program that was planned.

Atthesametime, itisnot clear how NASA astronautswill be ableto accessthe
ISSafter April 2006. Whilethe shuttleisgrounded, two-person crews(one Russian,
one American) are being maintained aboard the ISS by using Russian Soyuz
gpacecraft. A 1996 agreement between NA SA and the Russian space agency requires
Russiato providecrew transportation and “lifeboat” services'®to NASA on 11 Soyuz
spacecraft at no cost. That agreement would be fulfilled with a Soyuz scheduled for
launch in October 2005 and return to Earth in April 2006. Russian officials have
made clear that they expect to be paid for any crew transportation or lifeboat services
after that point. However, NASA is not permitted to pay Russia for 1SS-related
services under the Iran Nonproliferation Act (INA, P.L. 106-178). The linkage
between the ISS and the INA, and its implications for the future of U.S. access to
ISS, are explained in CRS Report RS22072.

The Bush Administration sent a proposed amendment to the INA to the House
and Senate on July 12 that would narrow the definition of what payments are
prohibited. If adopted, the revised INA would alow NASA to pay Russia for

8 A spacecraft must be docked with the space station at all times so that crews have an
emergency escape route in the event of an emergency. The spacecraft that serves that
functioniscaled a“lifeboat” or “crew return vehicle” (CRV). NASA terminated its plan
tobuildaCRYV in 2002, so Russia' s Soyuz spacecraft isthe only one available for that duty.
For more information, see CRS Issue Brief 1B93017.
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additional Soyuz missions, for example. An amendment regarding the INA was
offered and withdrawn by Representative Rohrabacher at the July 14 markup of H.R.
3070. A committee press release following the markup said that the Science
Committee was working with the House International Relations Committee on the
INA issue, and quoted Chairman Boehlert as saying that the final bill that is sent to
the President for signature must addressit, “but | have no idea at this point what that
resolution will be.”*

If the INA isnot amended, NASA could have its astronauts on 1SS only when
the shuttle is docked there. If the shuttle is discontinued in 2010 as currently
planned, NA SA astronautswould have no accessto 1SS until the CEV isoperational .
Even if the INA is amended, some want to continue the shuttle until the CEV is
operational to ensure there is no gap in the ability of the United States to place its
own astronauts in space. As discussed above, S. 1281 would direct NASA not to
terminate the shuttle until areplacement is available.

NASA spends about $2 hillion a year on ISS, in addition to the costs of the
shuttle program. Some question whether ISS is worth that level of investment
consi dering the modest research opportunitiesthat remain. Othersconsider fulfilling
U.S. commitmentsto the other ISS partnersto be asufficient rationale for continued
U.S. involvement. President Bush pledged to fulfill U.S. commitment to the ISS
partnersin his Vision speech. Dr. Griffin has reiterated that pledge. How NASA
will do that is unclear, since the partners anticipated that the space shuttle, with its
large crew and cargo capacity, would be avail able during the operational phase of the
ISS. NASA also was committed to building a Crew Return Vehicle (CRV) that
would enable the crew size to increase to at least six. NASA canceled the CRV,
then replaced it with another program (called an Orbital Space Plane), which then
also was canceled. Dr. Griffin apparently plans to develop a CEV that can be used
not only to take crews to and from the Moon, but as a vehicle to transport crews to
and from ISS, and remain docked to the ISS for long periods of time, enabling it to
servein aCRV-mode. If that plan proceeds, it may be that the United States once
again is building a vehicleto fulfill the CRV function.

Another questioniswhat will happentothelSSonce NASA discontinuesitsuse
of the facility. Would it be turned over to the other partners? Would it be
privatized? Would it be deorbited? If it remains in orbit under someone else’s
control, would the United Stateshave any continuingliability if, for example, it made
an uncontrolled reentry and impacted people or property on the ground? Or if it
collided with another object in space?

FY2005 Budget. Congressdid not specify afunding level for the ISSin the
FY 2005 Consolidated Appropriations Act. The request was $2.412 billion: $1.863
billion for construction and operations, including $140 million in a new “ISS
Crew/Cargo Services’ lineto pay for aternatives to the shuttle for taking crew and
cargo to and from ISS; and $549 million for research (included in the request for the

19 Science Committee Unanimously Approves NASA Authorization Bill. House Science
Committee press rel ease [ http://www.house.gov/science/press/109/109-110.htm], July 14,
2005.
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Office of Biological and Physical Research). NASA’s December 23, 2004 Initia
Operating Plan cut $160 million from | SS construction and operationsto help pay for
additional costsfor returning the space shuttleto flight status. Funding for research
also was cut, from the planned $549 million to $382 million (per the December
operating plan). Dr. Griffin plansto make additional cutsto the | SSresearch budget
to help pay for accelerating the CEV, but details have not been released.

FY2006 Budget Request. The origina FY 2006 ISS request was $1.857
billion for construction and operations, including $160 million for ISS Crew/Cargo
Services, and $324 million for ISSresearch. Dr. Griffin indicated in the May 10,
2005 update to the FY 2005 operating plan that he is moving the ISS Crew/Cargo
Services activity, and associated funding, to the Exploration Systems Mission
Directorate (ESMD). The July 15 budget amendment similarly moves the FY 2006
ISS Crew/Cargo funding into ESMD, reducing the request for ISS construction and
operations commensurately. The budget amendment identifiesthe FY 2006 request
for ISS Crew/Cargo Services as $168 million, rather than $160 million as shownin
earlier NASA FY 2006 budget briefing charts. Thusthe revised FY 2006 request for
ISS construction and operations is $1.689 billion.

The House cut $10 million from ISS construction and operations, and $10
million from ISS Crew/Cargo services program, in the FY 2006 SSJC appropriations
bill (H.R. 2862). The Senate Appropriations Committee cut all $160 million from
ISS Crew/Cargo services because NASA has not spent any of the $98 million
provided for FY2005. The Senate Commerce Committee added $100 million for
FY 2006 for ISSresearchinitsauthorization bill (S. 1281, S.Rept. 109-108). That bill
alsoincludes extensivelanguage about enhancing the utilization of thelSS, including
direction that the U.S. segment of the ISS be established as a*“ national laboratory.”
The House-passed version (H.R. 3070, H.Rept. 109-173) would require NASA to
allocate 15% of the funds budgeted for ISS research to research that is not directly
related to supportingtheVision. It would also direct the Administration to ensurethat
| SS can be used for adiverserange of microgravity research, be ableto support acrew
size of at least six persons, support CEV docking and automated docking of other
vehicles, and be operated at an appropriate risk level. It also requires a report from
NASA on issues such asthe ISS research agenda and how the ISSwill be completed
and serviced.

The FY 2000-2002 NASA authorization act (P.L. 106-391) imposed a cost cap
on the ISS program (see CRS Issue Brief IB93017 for details). H.R. 3070, as passed
by the House, would repeal the cap. S. 1281, as reported, would require NASA to
submit areport within six months of enactment that explainsthe impacts of the space
shuttle Columbia accident, and NASA’s shift to full cost accounting,® on the
development costs of the ISS, and identifies any statutory changes needed to address
those impacts.

2 nfull cost accounting, all program costs, including civil service salariesand construction
of facilities (CoF), are included in program costs, instead of being identified separately.
NASA shifted to full cost accounting in FY2004. For its previous 44 years, NASA had
separate account(s) for agency-wide civil service and CoF costs.
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Should the Hubble Space Telescope be Serviced?

NASA launched the Hubble Space Telescope in 1990. From the beginning,
Hubble was designed to be serviced regularly by astronauts. That design proved
fortuitous when it was discovered that Hubble had a defective mirror that produced
blurry images. Astronauts on the first servicing mission in 1993 were able to install
corrective optics, allowing years of scientific accomplishments and generating
widespread scientific and public support. Additional servicing missions were
conducted in 1997, 1999, and 2002 to replace aging hardware and install advanced
scientificinstruments. Two more shuttlemissionsto Hubblewere scheduled: another
servicing mission in 2004 (known as SM-4) and a retrieval mission to bring the
telescope back to Earthin 2010. Inthewake of the Columbia tragedy, however, then-
NASA Administrator Sean O’ Keefe decided in January 2004 not to proceed with
either flight. His stated reason was the safety of the shuttle astronauts, but many
critics perceived a connection with the new priorities of the Vision for Space
Exploration, announced just days before.

The decision to cancel SM-4 brought praise from some, but also considerable
congressional and public opposition. The opposition initially focused on efforts to
reverse Mr. O’ Keefe' s decision and proceed with a shuttle mission. Attention soon
shifted to robotic options, which dominated the public discussion of Hubble' s future
throughout most of 2004. In March 2004, Mr. O’ Keefe agreed to ask the National
Research Council (NRC) to study optionsfor extending Hubble' slife, including both
shuttleand robotic missions. In December 2004, thefinal NRC report surprised many
by finding it “unlikely that NASA will be able to extend the science life of [Hubble]
through robotic servicing.” The report recommended a servicing mission by
astronautsin the space shuttle, and arobotic mission only for deorbiting the telescope
at theend of itsuseful lifetime.?* (If 1eft unattended, NASA hasestimated that Hubble
would make an uncontrolled reentry in about 2012.) Mr. O’ Keefe stood by his
decision not to proceed with a shuttle servicing mission, and by early 2005, NASA’s
work on a robotic mission to Hubble was focused on deorbiting it, rather than
servicing it.

The confirmation of Michael Griffin as NASA Administrator in April 2005
breathed new lifeinto effortsto service Hubble. At his Senate confirmation hearing
on April 12, 2005, Dr. Griffin stated that while he considered robotic servicing
infeasible and “would like to take the robotic mission off the plate,” he planned to
revisit the shuttle servicing option after the shuttle returnsto flight. After there have
been two successful shuttle flights, NASA would be able to reassess the risks
associated withwhat Dr. Griffin considers* essentially anew vehicle.” H.R.3070and
S. 1281 both call for a shuttle servicing mission after the shuttle returns to flight
successfully “unless such amission would compromise astronaut safety” ; they would
also require a status report on servicing plans within 60 days of the landing of the
second successful RTFflight. Prospectsfor servicing Hubble became more uncertain

2 National Research Council, Assessment of Options for Extending the Life of the Hubble
Space Telescope, National Academies Press, 2005. Online at
[http://books.nap.edu/catal 0og/11169.html].
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when NASA grounded the shuttlefleet again after problemswiththefirst RTF launch
on July 26, 2005.

Congress is debating how to balance the scientific value and public popularity
of Hubble with the cost of servicing it, the likely impact of that cost on other NASA
astronomy programs, and the remaining safety risks. The NRC report described
Hubble as “an enormous scientific success ... the most powerful space astronomical
facility ever built ... garnering sustained public attention over its entire lifetime.”
Without a servicing mission, Hubblewoul d cease scientific operationsin about 2008.
On the other hand, many expect the cost of a Hubble servicing mission, followed by
the cost of operating Hubble for an unknown number of additional years, to be offset
by reductionsin other NASA astronomy programs. The July 15 budget amendment
stated that most of the funding needed to preserve a Hubble servicing option would
come from the Terrestrial Planet Finder, a planned future astronomy spacecraft.
Considering that Hubblewasoriginally intended to operate only until 2005, and SM-4
was originally intended to extend operations only until 2010, some question whether
it makes scientific sense to cut funding for future missionsin order to extend thelife
of Hubble past 2008. And no matter how successfully the shuttle returnsto flight, a
shuttle mission will always entail some safety risks.

Cost estimates for a Hubble servicing mission vary widely, depending partly on
what the mission would include, and partly on how one treats the costs of the shuttle
launch. Before the Columbia tragedy, Hubble servicing missions were estimated to
cost about $100 million each, not including the marginal cost of a shuttle launch.
According to a GAO report in November 2004, NASA then estimated the full cost,
including al shuttle costs, at between $1.7 billion and $2.4 billion; GAO considered
this estimate “not yet definitive.”#

FY2005 Budget. TheFY 2005 budget wasreleased shortly after Mr. O’ Keefe's
first announcement that the shuttle would not fly to Hubble. At that time, NASA
intended to cancel the 2004 servicing mission entirely, and was only in the earliest
stages of studying the possibility of robotic deorbiting. For thisreason, the potential
costs of servicing and deorbiting were not included in the FY 2005 request. Most of
the $130.1 million requested for Hubble was for data analysis. The FY 2005
appropriations conference agreement waswritten beforetherel ease of theNRC report,
at a time when the debate was focused on the robotic option. It designated $291
million for development of a Hubble servicing mission, but it did not specify where
NASA should make the offsetting reductions.

NASA’s initial operating plan for FY 2005, released after the NRC report but
before the appointment of Administrator Griffin, reflected $175 million for
development of Hubble servicing and deorbiting missions, with the remainder of the
$291 million to be determined after a design review in March 2005. The May 2005
update to the operating plan, released after Dr. Griffin’s announcement that a shuttle
servicing mission will be reassessed after the shuttle completes its Return to Flight

22 Government A ccountability Office, Space Shuttle: Costsof Hubble Servicing Missionand
Implementation of Safety Recommendations Not Yet Definitive, GAO-05-34, November
2004.
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missions, reflected the full $291 million. To fund the difference, NASA has
postponed two other astronomy missions — the Terrestrial Planet Finder and the
Space Interferometry Mission — and reduced funding for Mars exploration.

FY2006 Budget Request. Intheorigina FY 2006 budget, NASA requested
$190.7 million for Hubble, including funds for devel opment of adeorbit mission, but
no funds for a servicing mission. The July 15 budget amendment requested $30
million to preservethe option of aHubble servicing mission. If adecisionismadeto
proceed with a servicing mission, and additional funds are needed for it during
FY 2006, there are three ways to incorporate them into the budget process: (a) NASA
could submit an additional amendment to its FY 2006 budget; (b) Congress could
appropriate funds without an explicit request; or (¢) NASA could reallocate funding
from other activities viathe operating plan process.

The House-passed appropriationshill, H.R. 2862, did not specify afunding level
for Hubble, although report language applauded Dr. Griffin’ scommitment to reassess
SM-4. Theversion reported by the Senate A ppropriations Committee recommended
a$250 millionincrease, pending the Administrator’ sreassessment and final decision.
The House-passed authorization bill, H.R. 3070, would authorize $150 million in
FY 2006 for a Hubble servicing mission. The Senate-reported authorization bill, S.
1281, would not specify afunding level for Hubble.

What is the Future of NASA’s Aeronautics Program?

AeronauticsR& D hasalong history of government involvement, startingin 1915
with the creation of the National Advisory Committee for Aeronautics (NACA).
NASA was established in 1958 using NACA as its nucleus, and NACA’s research
centers were transferred to the new agency. Although NASA is better known for its
Space programs, supporters note that aeronauticsis “the first A in NASA.”

For several years, however, aeronauticsadvocateshavefailed to halt amulti-year
dlidein funding. NASA’s budget for aeronautics was cut by about one-third in the
late 1990s, with the termination of programs in high-speed research and advanced
subsonic technology. In 2003, NASA’s move to full-cost accounting heightened
funding concerns, because research facilities such aswind tunnels play an especially
large role in the agronautics program.” In 2004, when the President announced the
Vision for Space Exploration, many foresaw that new spending priorities would
increase the pressure on aeronautics further. The FY 2006 budget request confirmed
that expectation: according to Administrator Griffin, “the nation makes available to
us within NASA a certain amount of money ... The fact is that in the President’s
program going forward, aeronauticsisnot ashigh apriority as... spaceexploration.” %

% Under full-cost accounting, programs must pay for the cost of the facilities they use.
Previously, facility costs were budgeted separately. The change therefore meant that the
same program activity now appearsto requirealarger programbudget. H.R. 3070 as passed
by the House would direct NASA not to seek full cost recovery for itstest facilities.

2 NASA Headquarters, Office of Public Affairs, Press Conference with Administrator
Michael Griffin, April 18, 2005. Online at
(continued...)
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“Transforming” NASA’s Aeronautics Program. Asthe Vision reduces
the priority NASA gives to aeronautics and as total NASA funding for aeronautics
declines, the largest element of the aeronautics program, Vehicle Systems, is being
“transformed.” The FY 2006 budget proposes to reduce V ehicle Systems funding by
27% relative to FY 2005, place more emphasis on barrier-breaking demonstrations,
and focus resources on asmaller number of research areas. NASA describesthis new
approach as a pilot for transforming the entire Aeronautics Research Mission
Directorate. The restructured program consists of four projects. two on noise
reduction, one on emissions reduction, and one on unpiloted research aircraft. The
topicseliminated include hypersonics, rotorcraft, and ultraeffi cient enginetechnol ogy
— all of which have received congressional funding increasesin past appropriations
cycles — as well as most evolutionary, incremental improvements to subsonic
aeronautics. The 2003 National Research Council assessment recommended that
NASA “pursue more high-risk, high-payoff technologies’ and “reduce the number of
tasks in its aeronautics technology portfolio,” so the transformation is not entirely a
result of the Vision, but the elimination of several entire research areas is
controversial, especially in the context of substantial, continuing reductionsin total
funding for the program. The House A ppropriations Committee report on H.R. 2862
called for NASA to continue work on hypersonics and rotorcraft and expressed the
view that transforming the aeronautics program is premature in light of a May 2005
report by the National Institute of Aerospace and aforthcoming study by the National
Research Council (both discussed further below). The Senate committee report on
H.R. 2862 referred to the proposed changes in Vehicle Systems as “ dismantlement”
and directed NASA to “maintain the existing program structure ... along with its
people and facilities.” The House Science Committee report on H.R. 3070 (H.Rept.
109-173) identified civil supersonictransport, rotorcraft, and hypersonicsasinitiatives
that NASA “may establish.”

An especialy controversial consequence of the proposed funding reductionsis
areduction in staffing levelsat NASA centers. According to NASA briefing charts,
thereduction in aeronauticsfunding would mean the elimination of 1,100 civil service
jobs at the centers by FY2007. A smaller number of on-site contractor positions
would also be eliminated. Most of the affected positions would be at Langley
Research Center (in Hampton, VA) and Glenn Research Center (in Cleveland, OH),
but Dryden Flight Research Center (in Edwards, CA) and Ames Research Center (in
Mountain View, CA) would also be affected. Some aeronautics research facilities at
these centers would likely be closed as well, but the affected facilities have not yet
beenidentified. Aeronauticssupportersand leadersinthe affected communities have
expressed alarm at the consequences of these changes, both for aeronauticsitself and
for the local economies surrounding the centers. Since taking over as NASA
Administrator in April 2005, Dr. Griffin has sought to downplay the cuts at the
centers. He and other NASA officialsinsist that the goal isto transform centers, not
to close them, and to ensure that the NASA workforce has the mix of skillsthat is
necessary to implement the Vision. Onvisitsto Glenn and Langley in May 2005, Dr.
Griffin stated that job lossesthere will not be as severe aswas earlier projected. H.R.
3070 as passed by the House prohibits NASA from implementing reductionsin force

2 (...continued)
[http://www.nasa.gov/pdf/113096main_mg_presscon_041805.pdf].
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(RIFs) or other involuntary separations (except for cause) until February 16, 2007; this
date was October 1, 2006, in the committee-reported hill.

If research areas such as subsonic aeronautics and hypersonics are indeed
eliminated from NASA’ s aeronautics program, the question arises of whether other
federal agencies, or the U.S. private sector, will conduct the research that is needed
in these areas. A leading justification for federal aeronautics funding has been the
economic importance of the U.S. aircraft industry. Supporters often citeincreasesin
European funding for aeronautics R& D asathreat to U.S. competitiveness. NASA’s
new high-risk, high-payoff approach shifts the program’s value to industry towards
longer-term needs. Some believethat thisis appropriate, and that industry should be
responsible for its own short-term R& D, but others argue that aeronautics “requires
unique national facilities and world-class researchers that are not resident in any one
company” and that “the fruits of this research add to the nation’ s wealth, not just to
that of any individual company.”® Inthe past NASA has also stated that it plays“a
key rolein ... increasing the performance of military aircraft.”?® The FY 2006 budget
documentsno longer mention thisgoal, and the projects on emissionsreduction, noise
reduction, and research aircraft that remain in the V ehicle Systems program seem to
have little direct application to military needs. The Air Force, Navy, and Defense
Advanced Research Projects Agency have aeronautics R&D programs, particularly
in the area of hypersonics. These Defense Department programs tend to focus on
specific military missions, such asrapid long-range strike, so they may not address all
aspects of the field. On the other hand, much of their work has along enough time
horizon that it can be applied quite generally. A concern that has not yet been
resolved is how Defense Department and industrial users of NASA aeronautics
facilities, such as high-speed wind tunnels, will be affected by possible facility
closures. H.R. 3070 as passed by the House would call for an independent review of
NASA test facilities and would prohibit closures until completion of that review.

A National Aeronautics Policy. Supporters and critics alike have long
argued that NASA’s aeronautics program needs a clearer vision of its goals and
direction. In February 2001, NASA sought to answer this criticism in The NASA
Aeronautics Blueprint: Toward a Bold New Era in Aviation.?” November 2002
brought recommendations on aeronautics from the congressionally established
Commission on the Future of the United States Aerospace Industry.® In November
2003, theNational Research Council published An Assessment of NASA' s Aeronautics
Technology Programs.?® In May 2005, the National Ingtitute of Aerospace released
acongressionally requested five-year plan for U.S. aeronautics research, Responding

% National Institute of Aerospace, Responding to the Call: Aviation Plan for American
L eadership.

% FY 2005 NASA budget request.

27 [ nttp://www.aerospace.nasa.gov/aboutus/tf/aero_blueprint/cover.html]

2 http://www.ita.doc.gov/td/aerospace/ aerospacecommi ssi on/aerospacecommission.htm]
2 [ http://books.nap.edu/html/atp/0309091195. pdf]
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totheCall: Aviation Planfor American Leadership.*® TheNational Research Council
is undertaking another study, to be completed in late 2006, that will “assess and
develop options for anational policy in aeronautics,” “develop a course of action to
guide the federal government’s investment and role in aeronautics,” and “provide
specific guidance on how to disseminate whatever federal resources may be alocated
for aeronautics research.”3! Despite all these efforts, thereis still no consensus view
of NASA’srolein aeronautics.

Three of the pending NASA funding bills— H.R. 2862 and H.R. 3070 as passed
by the House, and S. 1281 as reported from the Senate Commerce Committee —
would direct the President to devel op “ anational aeronauticspolicy ... through 2020.”

Both House bills focus on NASA: the President would be directed to act “through
the [NASA] Administrator ... in consultation with other agencies,” and the policy
would address how NASA should “coordinate its aeronautics program with other
Federal agencies.” The Senatebill addressesall federal aeronauticsactivitiesequally:
the President would be directed to act “through the Director of the Office of Science
and Technology Policy, in consultation with NASA and other relevant Federal
agencies,” and the policy would address the “ respective roles and responsibilities of
various Federal agencies.” H.R. 3070 providesmoredetail than the other two billson
the issues to be considered, including military and commercial needs and the impact
on U.S. industry. It also states that “it shall be the policy of the United States to
reaffirm the ... identification of aeronautical research and development as a core
mission of NASA.” The Senate Appropriations Committee-reported version of H.R.
2862 does not address a new national aeronautics policy in bill language, but the
accompanying report supports the concept, and states that any such policy should be
based on the May 2005 National Institute of Aerospace report, not on “some new
collection effort or study.”

FY2005 Budget. Under NASA’s May 2005 operating plan, FY 2005 funding
for aeronautics is $962 million. Thistotal consists of $630 million for the Vehicle
Systemsprogram, $183 millionfor Aviation Safety and Security, and $149 millionfor
Airspace Systems. Theoriginal FY 2005 appropriation was $919 million, reduced to
$906 million by ageneral rescission. NASA transferred $56 millioninto the program
inits May 2005 operating plan, making the total $962 million, to support the cost of
congressionally directed items that were not in the FY 2005 budget request.

FY2006 Budget Request. The FY 2006 request for aeronautics is $852
million, with afurther reduction to $728 million projected for FY 2007. The FY 2006
total consists of $459 million for Vehicle Systems, $193 million for Aviation Safety
and Security, and $200 million for Airspace Systems. The House-passed H.R. 2862
provided $906 million, the same as the FY 2005 appropriation before the changes
made by the May 2005 operating plan. The Senatereport on H.R. 2862 recommended
$25 million for hypersonics but did not specify afunding level for aeronautics as a
whole. H.R. 3070 as passed by the House would authorize $962 million for FY 2006
and $990 million for FY2007. S. 1281 does not specify a funding amount for

% [ http://www.nianet.org/nianews/AviationPlan.php]
3 [ http://www7.national academies.org/aseb/AeroDecadal_Main_Page.html]
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aeronautics. The July 15 budget amendment made no changesto the FY 2006 request
for aeronautics.

NASA’s FY2006 Request By Budget Account

NASA’s FY 2006 budget request has three accounts. Science, Aeronautics, and
Exploration (SA&E); Exploration Capabilities; and Inspector General. Thissection
follows the format of the NASA budget as shown in the agency’s FY 2006 budget
estimate. Asnoted, NASA has changed its budget structure repeatedly over the past
severa years. For FY 2006, the names of the budget accountsremain the same aslast
year. However, the programs under the two major accounts (SA& E, and Exploration
Capabilities) have changed to reflect anew NA SA headquarters organi zation adopted
in August 2004. In summary, the Office of Space Science and the Office of Earth
Science merged, and are now the Science Mission Directorate (SMD). The Office of
Biological and Physical Research and the Office of Exploration merged, and are now
the Exploration Systems Mission Directorate (ESMD). The Office of Education was
abolished. Its activities are now under a Chief Education Officer. The Office of
Space Flight was renamed the Space Operations Mission Directorate (SOMD). The
Office of Aeronautics was renamed the Aeronautics Research Mission Directorate
(ARMD).

The SA&E account funds the Science Mission Directorate (SMD), the
Exploration Systems Mission Director (ESMD), the Aeronautics Research Mission
Directorate(ARMD), and Education Programs. The Exploration Capabilitiesaccount
funds the Space Operations Mission Directorate (SOMD), which includes the
International Space Station (1SS), the space shuttle, and space flight operations.

Science, Aeronautics, and Exploration (SA&E)

In the FY 2006 budget request, the SA& E account includes the Science Mission
Directorate, Exploration SystemsMission Directorate, Aeronautics Research Mission
Directorate, and Education Programs. The Science Mission Directorate focuses on
increasing human understanding of spaceand Earth, and makes use of satellites, space
probes, and robotic spacecraft to gather and transmit data. The Exploration Systems
Mission Directorate is focused on implementing the Vision for Space Exploration,
including development of a new Crew Exploration V ehicle to take astronauts to and
fromtheMoon, devel opment of nuclear power and propul sion systems, and biological
and physical research, including that to be conducted on the ISS. The Aeronautics
Research Mission Directorate contributes to increasing air traffic capacity, reducing
theimpact of aircraft noise and emissions, and improving aviation safety and security.
NASA’seducation fundingisfor programsaimed at educating children in elementary
and secondary school, as well as university students, in science, mathematics,
engineering, and technology.

For FY 2006, NASA initially requested $9.661 billion for SA& E, compared with
$9.336 hillion appropriated for FY 2005 (per the December 23, 2004 Initial Operating
Plan). That request wasincreased to $9.829 billion in the July 15 budget amendment,
reflecting the shift of $168 million from the Exploration Capabilitiesaccount into this
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account. The $168 million isfor ISS Crew/Cargo Services that had been part of the
International Space Station program. That activity now will be part of the Exploration
Systems Mission Directorate.

Science. The Science Mission Directorate (SMD) isthe merger of the former
Office of Space Science (OSS) and Office of Earth Science (OES). Each of those
officeswas organized by “themes.” OSS had six themes (Solar System Exploration,
MarsExploration, Lunar Exploration, Astronomical Searchfor Origins, Structureand
Evolution of the Universe, and Sun-Earth Connections), and OES had two (Earth
System Science, and Earth Science Applications). All of those now have been
merged into three themes under the new SMD: Solar System Exploration, the
Universe, and Earth-Sun System.

Solar System Exploration programsinvol ve sending spacecraft to other planets,
the Moon, and other solar system destinations (such as asteroids). They combinethe
previous themes of Solar System Exploration, Mars Exploration, and Lunar
Exploration. Programs in the Universe theme include space-based astronomical
observatories such as the Hubble Space Telescope, the Spitzer Space Telescope, the
Chandra X-Ray Observatory, and plans for future observatories, as well as planning
for studies of dark energy and dark matter, for example. They combine the previous
themes of Astronomical Search for Origins, and Structure and Evolution of the
Universe. Earth-Sun Systems studies the Earth as a system (such as global climate
change) and interactionsbetween the Sun and the Earth (solar terrestrial physics). This
theme combines activities previously under the two OES themes, and the Sun-Earth
Connections theme that was part of OSS.

Table 6. FY2006 Request for the Science Mission Directorate
(In $ millions)

Theme F\_(2005 FY 2006 I nitial FY 2006 Amended
Estimate* Request Request

Solar System Exploration 1,858.1 1,900.5 1,667.5

The Universe 1,513.2 1512.2 1,522.2

Earth-Sun System 2,155.2 2,063.6 2,151.9

Total 5,527.2 5,476.3 5,341.6

Source: NASA FY 2006 Budget Justification and July 15, 2005 budget amendment.

* NASA’s budget justification uses the figures from its Initial Operating Plan, submitted to Congress
on Dec. 23, 2004. Updatesto that operating plan have been submitted, but are in the format of
the FY 2005 budget, not FY 2006, so cannot be used to update thistable.

Budget Amendment Changes. The July 15 FY 2006 budget amendment
made the following changes to the Science Mission Directorate (SMD). First, are
several changesto the Solar System Exploration theme. Asannounced inthe May 10
operating plan update for FY 2005, NASA decided to move the Lunar Robotic
Exploration Programinto the Exploration SystemsMission Directorate (ESMD) since
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its primary purpose is to support the Vision for Space Exploration. The FY 2006
budget amendment therefore shifts the $135 million requested for the Lunar
Reconnaissance Orbiter to ESMD, with a consequent reduction in the Solar System
Exploration theme. Next, the budget amendment reduces funding for this theme by
$98 million, shifting $88.3 millioninto the Earth-Sun Systemstheme, and $10 million
into the Universe theme. According to the budget amendment, the $98 million was
“made available” by cancellation or deferral of several robotic Mars exploration
programs, while funding also will be added to fund extended operation of the Mars
rovers currently on the Martian surface, and to maintain a 2009 launch date for the
Mars Science Laboratory [ http://marsprogram.j pl.nasa.gov/missions/future/msl .html].

Thebudget amendment statesthat the Universethemewould beincreased by $10
million, with $30 million provided to preserve the option of a Hubble servicing
mission. Most of the funds for the Hubble option would come from funding for a
future astronomical observatory called the Terrestrial Planet Finder
[http://planetquest.jpl.nasa.gov/TPF/tpf_index.html].

The$88.3 million added for Earth-Sun systemswould beallocated to funding the
Glory mission (see below), provide additional funding for extending the mission of
currently operating satellites, and maintain thelaunch schedul efor the Solar Dynamics
Observatory [http://sdo.gsfc.nasa.gov/].

Concerns About NASA'’s Earth Science Program. Themerger of space
science and earth science, and cuts to funding for earth science programs as NASA
redirects money into implementing the Vision, have raised concerns in the earth
science community and Congress. The House Science Committee held a hearing on
NASA'’s earth science program on April 28, 2005. Among the witnesses was Dr.
Berrien Moore, the chairman of a National Research Council study that is reviewing
NASA'’ s earth sciences program.** Dr. Moore warned that the process of building an
understanding of the earth system is “at risk of collapse”* because of decisions to
terminate certain NASA earth science missions. Science Committee Chairman
Boehlert said in his opening statement that “ The planet that has to matter most to us
istheoneweliveon. You d think that would go without saying. ... It' sgreat if earth
science can contribute to exploration, and greater still if exploration of other planets
could teach us more about Earth.”*

NASA’sFY 2006 budget justification documents did not allow a comparison of
funding for earth science programs between the FY 2006 request and prior years
because funding for earth science was merged with funding for programs that had
been part of the Sun-Earth Connections theme, which was in the former Office of

¥ National Academies. National Research Council. Earth Science and Applications from
Space:  Urgent Needs and Opportunitiesto Serve the Nation. April 2005. Prepublication
Copy. Available at [http://www.nas.edu ].

% Prepared statement of Dr. Berrien Moore before the House Science Committee, April 28,
2005, p. 2. Available at [http://www.house.gov/science].

3 Opening statement of Chairman Sherwood Boehlert at House Science Committee hearing
on NASA’s earth science program, April 28, 2005, p. 1 Available at
[ http://www.house.gov/science].



CRSA41

Space Science. NASA provides five-year funding projections — called the “ budget
run-out” — in its annual budget justifications that show the request for the current
year plus projections for the next four years. In preparation for the hearing, the
Science Committeeinsisted that NASA provide such acomparison for earth sciences.
Thefunding datawere published in the hearing charter (available on the committee’s
website), and arereproducedinthefollowing table. The datashow the budget run-out
as it was projected in the FY 2004 budget (for FY 2004-2008), FY 2005 budget (for
FY 2005-2009), and the current budget (FY 2006-2010). The table shows that the
earth sciences budget was $1.55 billion in FY 2004, $1.49 billion for the current fiscal
year (FY 2005), and the request for FY 2006 is $1.37 billion.  Thus, the program
experienced asignificant cut in FY 2005 — a$1 billion cut through the five-year run-
out compared with what had been projected in F2004. The cut inthe FY 2006 request
isdightly less. In summary, the cut from FY 2004 to FY 2005 is 8%; the cut from
FY 2004-FY 2006 is 12%.

Table 7. Changes to Earth Science Budget Run-Out

(in $ billions)

FY2004 | FY2005 FY2006 | FY2007 | FY2008 [ FY2009 | FY2010
2004 1.55 1.53 16 1.7 1.73
Request
2005 1.49 1.39 1.37 134 1.47
Request
2006 1.37 1.35 133 1.47 1.44
Request

Source: House Science Committee. Hearing Charter for April 28, 2005 Hearing on NASA Earth
Sciences. Available on the committee' s website [ http://www.house.gov/science].

Among the earth science programs of particular concern to the earth science
community are the Global Precipitation Mission (GPM), Glory, and continuation of
data acquired by Landsat satellites. GPM is afollow-on to an existing program (the
Tropical Rainfall Mapping Mission) to measureglobal rainfall. Thelaunch of GPM
has been delayed from 2007 to 2010. Glory is intended to study aerosols in the
atmosphere and how they affect global climate change. Intheoriginal FY 2006 budget
submission, NASA had decided to cancel development of the Glory spacecraft, but
continue development of the sensor, with the hope that it someday would be able to
fly on some other spacecraft. The July 15 budget amendment, however, shifts
funding into the Glory program to “fully fund a standalone...mission.” The portion
of the $88.3 million added to Sun-Earth Systems in the budget amendment that will
be allocated to Glory was not specified.

NASA launched itsfirst Landsat satellitein 1972. Landsat 5 and Landsat 7 are
currently in orbit though both are only partially operational.®*® The earth science
community wants to ensure “ data continuity” — obtaining similar data over decades

% The Landsat satellites are now operated by the U.S. Geologica Survey (USGS) in the
Department of the Interior.
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— for Landsat, but NASA’s plans for afollow-on to Landsat 7 have been in flux.
NASA hoped that the private sector would build the next satellite and NASA could
purchase data on a commercial basis. It received only one bid for that contract,
however, and NASA considered it inadequate. NASA’s current plan is to build
Landsat-type sensors (called Operational Land Imagers, or OLIs) and install them on
a different satellite, called NPOESS.* Earth scientists are concerned that the
NPOESS satellitewith thefirst OLI will not be launched before Landsat 5 and 7 cease
operating and data continuity will be lost. They want a “bridge mission” to be
launched carrying aL andsat-type sensor to ensurethereisno break in dataacquisition.
H.R. 3070, as reported from the House Science Committee (H.Rept. 109-173),
requires the Administrator to seek an independent assessment of the costs and risks
associated with placing the OLI on the first NPOESS, versus building a bridge
mission and waiting for the second NPOESS to host an OLI.

S. 1281, asreported, directs NASA, in consultation with NOAA and USGS, to
submit aplan that ensuresthe“long-term vitality” of NASA’ searth observing system
(EOS). EOSisaset of three spacecraft (Terra, Aura, and Aqua) in Earth orbit that are
conducting long term global observations of the Earth’s surface and atmosphere to
better under Earth as a system.

Potential Cuts in Space Science Programs. The Visionincorporates a
number of space science disciplines. As described in NASA’s FY 2005 request,
programsto explore other planets and to build and operate space-based observatories
such as the Hubble Space Telescope, are Vision-related. However, these programs
arefeeling the strain of NASA’ s constrained budget environment asthe agency shifts
funds to pay for the increasing costs of returning the space shuttle to flight status, to
preserve the option of sending a shuttle mission to service the Hubble Space
Telescope, to pay for cost growth in other science programs, and to pay for
congressionally-directed items. For example, Congress directed in the FY 2005
appropriations conference report that NASA spend $291 million on a Hubble
servicing mission. NASA must find those funds from within its current budget.

The FY 2006 budget run-out for Science Mission Directorate overall is$1 billion
less than what had been projected in FY2005. In addition, in the May 10, 2005
operating plan update, Dr. Griffinindicated that hewouldtakefundsfrom future Mars
probes (those that were being planned for 2011 and beyond), and from two future
gpace-based observatories — the Terrestrial Planet Finder and the Space
Interferometry Mission — to pay for the Hubble Servicing Mission and cost growth
in other science programs, such as aMars probe scheduled for launch in 2005.

NASA aso is considering terminating some of its older space science probes
even though they are still returning useful data. Considerable concern has been
expressed in the space science community at the prospect of turning off the V oyager

% The National Polar-orbiting Operational Environmental Satellite System (NPOESS) isa
joint effort of the Nationa Oceanic and Atmospheric Administration (NOAA), the
Department of Defense (DOD), and NASA. NOAA and DOD each operate their own
weather satellite systems; NPOESS is the merger of those systems. NASA develops new
technology for NPOESS. The first NPOESS is currently scheduled for launch by 2010.
Further discussion of NPOESS is outside the scope of this report.
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1 andVoyager 2 probes. Launchedin 1977,V oyager 1 hasjust reached the outer edge
of the solar system, and Voyager 2 isto do so in afew years. NASA expects to be
able to continue to receive data from the probes through 2020, when their power
sources are expected to become too weak to send signals back to Earth. NASA
explainsthat there are atotal of 13 probesin the Earth-Sun Systemstheme that have
far exceeded their design lifetimes and are being considered for termination in order
to save the $49.6 million requested in the FY 2006 budget to continue operating them.
The portion of that total for the two Voyager probesis $4.2 million. AsDr. Griffin
told the Senate Appropriations CJS subcommittee, NASA cannot afford all of the
programs it currently has on its plate, and priorities must be set. The space science
community iswaiting to seeif these probes makethelist. Dr. Griffin said at a June
28, 2005 House Science Committee hearing that he thought turning off the Voyager
spacecraft was “rather dumb,” but that he was awaiting a report from a group that is
reviewing the future of all 13 spacecraft before announcing afinal decision.*” The
July 15 budget amendment states that some of the $88.3 million added to Earth-Sun
systems would be used for extended missions.

H.R. 3070, as reported from the House Science Committee (H.Rept. 109-173),
directsNASA to develop apolicy to guide earth and space science programsthrough
2016; requiresthe National Academy of Sciencesto eval uate the performance of each
scientific discipline on acertaintime schedul e; and requiresNA SA to carry out annual
termination reviewsfor extended missions, and that such areview be madefor certain
extended missions (including V oyager) within 60 days of enactment, with areport to
Congress required 30 days | ater.

S. 1281 asreported directs NASA to conduct a*rich and vigorous set of science
activities.” It also directs NASA to assess the cost and benefits of extending the
missions of the Voyager spacecraft, and another spacecraft called Ulysses that is
studying the Sun.

Exploration Systems. This budget category funds the part of NASA
primarily responsible for implementing the“Moon/Mars’ portion of the Vision. The
Congtellation Systems line item funds development of the CEV and a vehicle to
launch it — called the Crew Launch Vehicle (CLV). Exploration Systems Research
and Technology fundsavariety of technol ogy development efforts, including funding
for Centennial Challenges, a program through which NASA offers prizes for
developing specific technologies. Project Prometheus, which is devel oping nuclear
power and propulsion, is discussed in an earlier section of this report. Human
Systems Research and Technology comprises the programs that remain from the
previous Office of Biological and Physical Research. It isthe budgetary location of
fundsfor research to be performed by NASA aboard the International Space Station,
though it also funds ground-based research.

3" Hearing transcript from Federal Document Clearing House, via Factiva.
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Table 8. FY2006 Request for Exploration Systems

(in $ millions)

rhare s | FYo | Prame

’ Request Request
Constellation Systems 526.0 1,120.1 1,412.1
Exploration Systems Research & Technology 722.8 919.2 797.2
Project Prometheus 431.7 319.6 179.6
Human Systems Research & Technology 1,003.9 806.5 776.5
ISS Crew/Cargo Services** NA NA 168.4
Lunar Robotic Exploration Program** NA NA 135.0
Total 2,684.5 3,165.4 3,468.8

Source: NASA FY 2006 Budget Justification and July 15, 2005 budget amendment.

* NASA’s budget justification uses the figures from its Initial Operating Plan, submitted to Congress
on Dec. 23, 2004. Updatesto that operating plan have been submitted, but are in the format of
the FY 2005 budget, not FY 2006, so cannot be used to update thistable.

** The July 15 budget amendment movesfunding for thesetwo programsinto the Expl oration Systems
Mission Directorate (as discussed earlier in this report), but does not specify if they are now
included in one of thefour themesidentified in the original FY 2006 request, or if new themesare
created for them. They are shown here as separate line items due to lack of other information to
the contrary. NA means Not Applicable.

Congressional action on funding for theVisionisdiscussed earlier in thisreport.

Aeronautics Research. NASA'’s aeronautics research program and its
FY 2006 budget request are discussed earlier in this report.

Education Programs. Prior to FY2004, NASA’s education activities
appeared under the budget heading “ Academic Programs.” NASA reorganized its
education activities in 2003, consolidating programs that had been in its Office of
Human Resources & Education, and the Office of Equal Opportunity Programs, into
a new Office of Education. That office was abolished in the August 2004
reorganization, however. Now, a“ Chief Education Officer” overseestheseactivities.
According to NASA current organizationa structure, the Chief Education Officer
reports to the Chief of Strategic Communications. In addition to the funding
identified in the budget under Education Programs, other NASA programs in the
variousMission Directoratesal so fund educational activities. Thesearenot separately
identifiedin NASA’ sbudget justification documents, and therefore are not addressed
in this section.

NASA'’s education programs include a broad array of activities designed to
improve science education at all levels— kindergarten through 12" grade (K-12) and
higher education. They include programs that directly support student involvement
inNASA research, train educatorsand faculty, devel op new educational technol ogies,
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provide NASA resources and materials in support of educationa curriculum
devel opment, and invol ve higher education resourcesand personnel inNASA research
efforts. The National Space Grant and Fellowship Program, which funds research,
education, and public service projectsthrough university-based Space Grant consortia,
is administered through this office. The Space Grant program
[ http://cal space.ucsd.edu/spacegrant/] was established by Congress in NASA’s
FY 1988 authorization bill (P.L. 100-147). It funds Space Grant Consortiain all 50
states, the District of Columbia, and Puerto Rico, to broaden the base of universities
and individuals contributing to and benefitting from aerospace science and
technology.

Programs devoted to minority education (the Minority University Research and
Education Program — MUREP) focus on expanding participation of historically
minority-dominant universities in NASA research efforts. These programs develop
opportunities for participation by researchers and students from those institutionsin
NASA activities. The objective is to expand NASA’s research base through
continued investment in minority institutions’ research and academic infrastructure
to contribute to the science, technology, engineering, and mathematics pipeline.

Thisoffice also administersNASA’ s participation in the Experimental Program
to Stimulate Competitive Research (EPSCoR). According to its website
[ http://cal space.ucsd.edu/epscor/], NASA’ SEPSCoR program targets states of modest
research infrastructure with fundsto develop amore competitive research base within
their member academic ingtitutions. NASA is one of severa federal agencies that
participate in the EPSCoR program. Among the others are the National Science
Foundation,® the National Institutes of Health, the Department of Defense, and the
Department of Energy.

For FY2006, NASA is requesting $166.9 million for education programs,
compared to a FY 2005 appropriation of $216.7 million (per the Initial Operating
Plan). The difference between the request and last year’s appropriation is primarily
due to congressionally directed funding for which NASA is not requesting fundsin
FY 2006. The specific amounts for EPSCoR and the Space Grant program are not
provided in NASA’s budget justification document. The Senate Appropriations
Committee specified that within the fundsfor education, $12 million befor EPSCoR,
$29.55 million for the Space Grant program, and $54.233 million for other education-
related activities. S. 1281 directs that NASA use appropriated funds to ensure the
continuation of the EPSCoR, Space Grant, and NASA Explorer School programs, but
does not specify amounts. The bill includes other language supportive of certain
education programs. H.R. 3070, as passed, specifiesthat $24 millionin both FY 2006
and FY 2007 be alocated for the Space Grant program, and in FY 2006, $8.9 million
be allocated for the Science and Technology Scholarship Program. It also containsa
section (Title VI, Subtitle B) regarding other education programs at NASA.

¥ NSF's EPSCoR program is described in: CRS Report RL30930, U.S. National Science
Foundation: Experimental Program to Stimulate Competitive Research (EPSCoR), by
Christine Matthews.
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Exploration Capabilities

Last year, this budget account included most of the funding related to
implementing the Vision, labeled* Exploration Technologies.” Thoseactivitiesnow
have been moved in the SA& E account under the “ Exploration Systems’ line. What
remains in this budget account is funding for the Space Operations Mission
Directorate and its three themes. International Space Station, Space Shuttle, and
Space and Flight Support.

The ISS and space shuttle programs are discussed earlier in this report. Space
and Flight Support is a budget category that includes funding for space
communications, rocket propul sion systemstesting, launch services (i.e., acquisition
of commercial launch servicesfor NASA payloadsthat are not launched on NASA’s
shuttle), and crew health and safety.

Table 9. FY2006 Request for Space Operations

(in $ millions)
Theme FY 2005 FY 2006 Initial | FY2006 Amended
Estimate* Request Request
International Space Station** 1,676.3 1,856.7 1,688.3
Space Shuttlet 4,543.0 4,530.6 4,530.6
Space and Flight Support 485.1 375.6 375.6
Total 6,704.4 6,763.0 6,594.5

Source: NASA FY 2006 Budget Justification and July 15, 2005 budget amendment.

* NASA’s budget justification uses the figures from its I nitial Operating Plan, submitted to Congress
on Dec. 23, 2004. Updatesto that operating plan have been submitted, but are in the format of
the FY 2005 budget, not FY 2006, so cannot be used to update thistable.

** Does not include funding for space station research activities, which areincluded in the Exploration
Systems Mission Directorate. At the time of its budget submission, a NASA briefing chart
indicated that $382 million in FY 2005, and $324 million in FY 2006 was for space station
research, although those numbersare expected to decrease astheresult of later funding decisions.

T The FY 2005 estimate in the Initial Operating Plan did not fully fund the $762 million shortfall that
NASA identified in November 2004. Additional money subsequently was moved into the
FY 2005 shuttle account.

The origina request for the ISS program included $160 million for 1SS
Crew/Cargo Services according to NASA briefing charts. This subaccount was
created in the FY 2005 budget to cover costs associated with obtaining alternative
means to the space shuttle for servicing the ISS. Dr. Griffin announced in the May
10, 2005 operating plan that he was shifting responsibility for this program from the
Space Operations Mission Directorate to the Exploration Systems Mission
Directorate, which isdeveloping alaunch vehicle strategy for the future. The July 15
budget amendment similarly shifted the FY 2006 requested funding into ESMD,
reducing the ISS request (the budget amendment stated that the FY 2006 requested
level was $168.4 million, not $160 million).
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The Senate Appropriations Committee disapproved all $160 million, explaining
that NASA had not spent the $98 million provided for FY 2005. That amount will be
carried over into FY 2006, and should be sufficient for any activity initiated in
FY 2006, according to the committee’ s report.

Inspector General

In NASA’s FY 2006 budget documentation, the Office of Inspector General
describes its responsibilities as preventing and detecting crime, fraud, waste, abuse
and mismanagement, while promoting economy, effectiveness, and efficiency within
NASA. The FY2006 request is $32.4 million, an increase of $1.1 million over
FY2005. All the pending NASA funding bills recommend the requested amount.

Out-Year Budget Projections

NASA’ sFY 2006 budget estimate containsthe out-year budget projectionsshown
in Table 10. Such projections are always subject to change, but can be indicative of
the direction in which the Bush Administration wants NASA to head. Compared to
the projections in the FY 2005 budget (see last row), the projected increases in
NASA’s budget for implementing the Vision for Space Exploration are less in
FY 2006-2007, and slightly more in FY 2008 and FY 2009, but still less than the
projected rate of inflation (approximately 2%0). Also, NASA lists the $126 million
in emergency hurricane relief for FY2005 separately from the $16.070 billion
provided inthe FY 2005 Consolidated AppropriationsAct. If thosefiguresare added,
the increase from FY 2005 to FY 2006 actually is 1.6%, not 2.4% as shown in this
table.
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Table 10. FY2006-2010 NASA Funding Projection

(in $ millions)

Budget Account FY2005 | FY2006 | FY2007 | FY2008 | FY2009 | FY2010
Science, Aeronautics, and 9,334.7 9,661.0 | 10,549.8 | 11,214.6 | 12,209.6 12,796.1
Exploration

Science 5,527.2 5,476.3 5,960.3 6,503.4 6,853.0 6,797.6
Exploration Systems 2,684.5 3,165.4 3,707.0 3,825.9 4,473.7 5,125.5
Aeronautics Research 906.2 852.3 727.6 730.6 727.5 717.6
Education Programs 216.7 166.9 154.9 154.7 155.4 1554
Exploration Capabilities 6,704.4 6,763.0 6,378.6 6,056.7 5,367.1 5,193.8
Space Operations 6,704.4 6,763.0 6,378.6 6,056.7 5,367.1 5,193.8
International Space 1,676.3 1,856.7 1,835.3 1,790.9 2,152.3 2,375.5
Sation
Fpace Shuttle 4,543.0 4,530.6 4,172.4 3,865.7 2,815.1 2,419.2
Space and Flight Support 485.1 375.6 370.9 400.0 399.7 399.1
Inspector Genera 313 324 335 34.6 35.2 37.3
TOTAL 16,070.4 16,456.3 | 16,962.0 | 17,305.9 | 17,611.9 18,027.1
Year to Year Increase (%) 2.4* 31 20 18 24
Projected in FY2006 Budget
Emergency Hurricane 126.0
Supplemental
GRAND TOTAL 16,196.4 16,456.3 | 16,962.0 | 17,305.9 | 17,611.0 18,027.1
Year to Year Increase (%) 5.6 4.7 4.8 1.0 0.2 *x
Projected in FY2005 Budget

Sour ce: NASA FY 2006 Budget Justification, p. 1, except that CRS added thelast two rows. The Grand Tota was

calculated by CRS; the Year to Y ear Increase Projected in the FY 2005 Budget is from NASA’s FY 2005 Budget

Justification, p. 1. Asnoted in NASA’s FY 2006 Budget Justification, the FY 2005 figuresin thistable are from

NASA’s Initial Operating Plan, submitted to Congress on December 23, 2004, and are not final.

* Asnoted in the text of this report, the actual increase from FY 2005 to FY 2006 is only 1.6% when the $126
million in emergency hurricane relief funds are added to the $16.070 billion provided in the FY 2005
Consolidated Appropriations Act.

** The projected budgets are for five years only, so the FY 2005 budget did not include a figure for FY 2010.

The Senate authorization bill, S. 1281, recommends annual funding for NASA
for FY 2006-2010. Thetotalsfor FY 2006 and FY 2007 are broken down by account.
Table 11 shows the figures recommended in that bill as reported from committee.
The House authorization bill, H.R. 3070, as passed by the House, authorizes funding
for FY 2006 and FY 2007 in a budget structure different from that used in the NASA
request (see Table 3).
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Table 11. Five-Year Funding Recommendations in S. 1281

(In $ millions)
Budget Account FY2006 | FY2007 | FY2008* | FY2009* [ FYZ2010*
Science, Aeronautics & 9,661 | 10,550
Exploration
Exploration Capabilities 6,863 6,470
Inspector General 32 34
TOTAL 16,556 | 17,053 17,470 17,995 18,535

Source: S. 1281. Totals may not add due to rounding.
*Funding for FY 2008-2010 was hot broken down by account.
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Appendix A: Related CRS Reports
General

CRSlssueBrief IB92011, U.S Space Programs:. Civilian, Military, and Commercial

CRS Issue Brief IB93017, Space Sations

CRS lIssue Brief 1B93062, Space Launch Vehicles: Government Requirements,
Commercial Competition, and Satellite Exports

The Vision for Space Exploration

CRS Report RS21720, Space Exploration: Issues Concerning the “ Vision for Space
Exploration”

CRS Report RS21866, Space Exploration: Report of the Aldridge Commission on
Implementation of President Bush’s Exploration Initiative

The Columbia Accident and the Space Shuttle Program

CRS Report RS21408, NASA' s pace Shuttle Program: Issuesfor Congress Related
to the Columbia Tragedy and “ Return to Flight”

CRSReport RS21606, NASA' s Space Shuttle Columbia: Synopsis of the Report of the
Columbia Accident Investigation Board

Hubble Space T elescope

CRSReport RS21767, Hubble Space Telescope: Should NASA Proceed witha Shuttle
Servicing Mission?



"9 |1Nys ageds ay)

Jo ubsBp 3Y) 01 PaINQ LU0
B[ yo1ym 1desuod

Apog Bunyl, ssajBuim

ay1 Jo Juewdopnep Ajreg «
(29 yoen)

paads pue (Sa]1W 29) spniiife
1o} spJodal Bumes ‘sybijy
66T JO r101e al|dwod

‘Ag-A|J 01s9004d JO SS1ISS JBYI0 93.Y] JO SBYoUNe ] «
"(6-9 JovuoIld) Sss920ns Unoy Buipnoul

‘UDO |\ 01 SB1JBS JBBUOI- JO SBydurne| panuiuo)
'Sa]l|BIes J0|dx3 JO SBydure| panuiuoD
(‘paresuowsp sem ABo jouYIS) S2UO

apedsp 8yl Ul ak| LV YON MOU S| Teym 01 paliejsuel)
weJfoud a11|eTes JBYESM) 'SOLBS SNOWIIN pue

SO |1 'S9M|Tes Joyeam s Liedxe Jo sayoune
(axy

SeM 3|01 S, WSVN :10129s aleAlld ayy Ag payoure|

pue 1|Inq 84e pue a4/oM S911||PIes SUO 11ed IUNWILLIOD
UeI|IAID ISOIN) 'S9LIS (S1V) aMl|pTesS

ABojouyde | suoiedl|ddy pue ‘oyo3 sall|jpres

‘Sineuo.lse
O] PaIePOLLILLOITR 1/R13adeds IUIWR9) 3y *[eliglo
[le ‘weiboid Iuwe ul ‘(996T-G96T) SIybI|j US L »

296T ‘1100 Ul reuodise 'S'N 1S41j UL uyor -
T96T ‘(feriqiogns)

80eds Ul Irmeuolise ‘SN 1S41) predays ue|y -
‘JIMeuoJise suo pajepowiwodde

1e109%eds AINoB N 3YL *[eliqJo Inoy ‘eliglogns
omy :AInoB N 199101 Ut (€96T-T96T) SO XIS «

'8pedsp 8y Jo pue sy Aq yre o1 Apes
WY uJniaJ pue uoo |\ 8yl Uo Uew e pue| 01 Apauua M

1JeIolRe GT-X 30Uy « SUO T2 IUNWILIOD RIS LIBdXe JO Sayoune T « JUepIsald Ag paounouue [eob T96T J0 uondopy « 696T-096T
'sHns pa|e)
aJeds pue ‘s|04U0d UoijJesl ©JO SIY] Ul payoure| asoyl Jo 1sow ybnoys ‘uoo N
‘S elew ainkesedwel-ydiy Apnis 01sagoud Jo sales Jssuold Jo Buluuibeg -
‘BuiTeay 2 IweuApo.ise uo uolrIpel JoS1eq ||V UeA JO
eep paonpo.d welboud GT-X ABA03SIp 01 Pa| YoIym ‘T sJojdx3 Bulpnipul ‘(Aepol W Anoe A, ay1 — sineuosise Jo dnoub
3yl 1jesoie GT-X pasemod SONUNUOI YdIyM) 4 ,Saliss ,elojdx3 Jo Buiuuibag - 1511} JO UONIBS pue AINJBIA 198014 Jo uoienul -
-19X004 JO WB1[J 1511 o ‘Buipnjou ‘ss11feTes SN 1S41) JO YouneT « :90eds oju| 8|doad youre| 03 feob jo uondopy « | BSET-8S6T
SdlINeuo By SUBfrERl £l e 1yb114 8oeds uewnH polJod awi |

30USI0S Y1Jeg pue adeds Joj 1Je Jos0eds 211000y

002-8S6T :SaINAIY S,YSVYN J0 s1ybiybiH :g xipuaddy

T1G-SHO




[IN}e JO UoFelIsuowsp 1Si1d «
‘Rouspiyse

pue ‘A11]Igejonnsuew

‘A Jes anoidw

01S[0J1U0D [e21UeydBW
-1melpAy Buioe|dal ‘weis/s
[01U02 84IM-AQ-A|} 21U0IIS P

‘uines
pue Jayidne 01sego.d 1s11) ‘TT pue QT Je8uold —
'SO1J3S JeBUOId JO UoIenuiuoD «

‘AINDRIN

puUe snud A Y1og 1S1A 018go4d 111} ‘0T SBULR -
(®In|e) ysure| ui1s0| ‘g seule ‘2qoid uoitedwod
B) SR 1igJo 018qo.id 'S N 111 ‘6 BULRIA -

S)uRe.ISUoD 1PBpNg 01

anp paoued (0Z-8T 0]10d ) suosssiw o|jody 8.y} -
(T '9T ‘ST '¥T 0Jjod ) sBuipue| feun|a.iow Inoy -
UOO N

3y} 01 81N0.JUB S9PO|dXa 3 NPO N 82IABS JBlje ylie]
olsuinpl Apfes maIo {0/6T Ul uspiode £1 ojjody -

Ue Jo 1591 WBI|J 1S11 o 'SO1Jas JBU LA JO UOIeNuUuUOD 'sonunuod welbolud ojjody « 6.6T-0.6T
(€T ojjody
pue TT 0]jody) UOO |\ UO pue|suossiw o]jody OM] -
(ot
pue g o|jody) 11gJ0 feun| 01 SUOISSIW O]jody OM] -
"(InJssa00ns 8A1y) saLies (OSO) Alorensssgo | (6 pue 2 0jjod ) 11gI0 Y1ees 01 suoissiw o]jody OM] -
Je|os Buniglo ul 1jeloadeds XIS JO sayoune . 191 Yyoure|
"(InJsse00ns 91Y1) sales (09D0) Alorenssqo -9.d Ui simeuoise .U pa| | 114 0]jod Y 96T -
[easAydoas) BuniglO ul 1esoadeds XIS Jo Saydue] « "3[0IYSA Yaune | uines ayy Jo
‘(jnysseoons | uewdopnep S, WSYN PRA[OAUI OS e Welbold ojjody
auo) sales (OVYO) AloTeABSOQ [e2ILUOUOIISY 93U "SIMeuo.iSe 33.U] PaTepOoLUILLIoITe 1jeidadeds
BunigiO ui 1jes0adeds 0M] JO SSYDUNe « o|jody 8yl ‘weiboid ojjody uisybl|} s «
"(InJssa00ns A1)
SIe |\ 10 Snud A 01S9q0ud JoulLe |\ UBASS JO Sayourne « sfep ¢T
(Jnyss00NSs |[R) SIB1IgIO feunT Al - | 01SuoIssIW Jybij)adeds tewny JO UOIRIND PIPUDIXS -
(JnJSS929NS BA1)) SI0ASAINS UBASS - ageds u1 Buoop pue SNOAZapUDJ PaTe.ISUoLIBP -
(jnyssa20ns 9v1Y)) stebuey aulu - (M emadeds
:UOO |\ 841 UO pue| Jo ‘11g.0 10 ‘Y A3) A1IANTR e NDIYBARIIXS paTelisuowap -
SJ11NeuUo BY suolieo||dd'y pue 1ybi|4 8oeds tewnH polied awi |

90UBI0S YlJeg pue adeds JoJ 1Je 109deds 211000y

¢5-SdO




S)uspode [ereyaidninw
0]l asuodsal ul pareniul
weiboud seays puipn

'snua A 018qo.d ue|ple A Jo youne «
'sall|Ies JoJo|dx3 10 Sayourne| panunuo) .
"ung ay) Apnis 01

9N S-UIys e) gepdleds,, Josybl|) esenss
pue ‘sa1l|pIes Buluonounjew Jo eAslel ‘soll|pes
[e 10.JBWILLIOD pUR JusluueA0b JO youre| papnjoul

3UIOQUIY VVH-VYSVN UIOC « UOISSI|A Wnwixe |\ fejos Bunigio-yie3 Jo youneT « suoissiw sIyB1|} 3 MNYS 8%edS JO 9peIdp 1S1i 686T-086T
"(sfep 00T o1 PO}
Q) Bususs Ueado 1o} fepel e paliied YdIym ‘eseas
pue :(INNOH) uossiy Buidde  Alideded 1esH
Buipnoul ‘sa11|jpIeS 82UB IS Y1Jea JBYlo JO Sayoune e
"(Insss00ns |[e) sl res Busues ajowe. Bunico
U1es JO Salles — € pue ‘¢ ‘T Jespue] JO sayoure e ‘86T
"(Inyssa2ons |R) salies (OW3H) AloeARSIO [UN 8Jeds Ul SUed LB 8J0W OU ‘UoIssIw ojjody
Awouosy ABJeu3 ybIH ulssyoure| syl « 152 'suew Liedxa o[ Jjo sAep om] JoJ 1ei0adeds
*(InJSS800NS BUO) SBLIBS OO U1'SBYdUre| 810w OM] e ZnAos ©INcS pue ojjody 'S'N Jo Bujoop yiim
(InJss200NS 1100 S91BS OSO U1'SayoUne| 10w OM | 'G/6T U1 109[01d 19 | ZnAos-0|j0dY BINOS-'S'N «
'sall|je1es JoJojdx3 JO Sayoure| panuiuoD
"UNS 8y} WOo.y ‘skelewo| i uol||iq TT S! ‘Uead( Ueipu| ayl pueeielisny uo
‘abue. pue Aous iy Ny |z JeeAo A pue ‘sieewo | uol||iq 7T SI T ebeAo — | sugep Buipes.ids ‘6/6T Ul akeydsowre s e ybnoiyl
Buinoidwi ‘Beup oeuAposee | weISAS fejos syl Jo Ino peay Asy) se suonisod Juslind Anusal pajjoauodun Ue apew gels  -(1jeloededs
aonpal 01 (Buim urew yoes JIBY1 W04 MJeq BIep puss 01 anuiuod £yl Aepol 0|jody Busn uole:s adeds ay) 01 payourne|)
Jo pusayl e sbuim |fews) | (snuein pue ‘sunidoN ‘uintes ‘edne 01) g Jebefo ¥/6T-€/6T Wol) ge s Adnaoo smalo uosied
sP[Buim Jo 1591 1BI|y1siid « [ pue (uintes pue Jelidnr 03) T JeBeAoA Jo sayoure « -€ 33U} ‘€/6T Ul paydure| uoiess adeds gejAXs .
sjuaWINJISUl pue ‘sabrnef "}1gJO UelLe N
‘she|dsIp [e2ILRYIBWIONB P ul J11gJo uoiuedwod e Y1im ydes ‘siejp uo pue| "2/6T Ul
JO pealsul 2IuoJ19 P 01s3004d 'S'N 1S41) ‘2 pue T BupyIA Jo Sayoure] « — 3NNYS adeds ay) — WLISAS uoirodsue.l] adeds
Buisn Jidxo000 sse|b,, SNUB A 01 Z pUe T SNUS A J3BUOId — a|gesrneJ Jo Juswdo pAsp sanoidde UOXIN JUBPISBId «
SJ11NeuUo BY suolieo||dd'y pue 1ybi|4 8oeds tewnH polied awi |

90UBI0S YlJeg pue adeds JoJ 1Je 109deds 211000y

€5-S40




01 8T-4 paljlpow uo

SIYB11} Yyolessal GE JO 1SIIH »
S|ej weshs

[0JJu0D urew }i1 uoiresedo
panunuod bumiwlied
(suom|re o ‘sieppnu

‘SI0TRAS P INOYLIM) 1SNIYL
aulbue Ajuo Buisn |01jU0d

‘uinges 0] 1Jelosdeds 1UIsseD Jo youre -
'AI0TeAJBSOO Aey- X ripueyD pue ‘AIoTRARSJO
Aey ewwes uoidwo) ‘adodsap | adeds a|qgnH
1, S9I0RAIBSQO 18919, INOJ JO 384U} JO youreT «
'sosAyd

[elsa.R1-Re|0s Apnis 01 welboud euoireuRIUI

10 1ed Se 1JeJ0aJeds puIpA pUe Jej0d JO youre] «
(S1OV) au|pes

diysieurred uoiels adeds euolfeulsiul suloleissny -
:paInb1juodal pue paubisopal Byng Uo IS aJeds «

'adoosap ] 8deds a|qgnH Buoins pue

'sall|ples AOd 10 VSN Bulyoure| ‘(cepdeds jo ssn
Buipn[ou1) SUOISSILL 211U 10S SNO LA 0] PaTRI ISP
SJAYIO ‘uoIreIs adeds 1A 'S eIssny 1SIA 01 aulu
Buipnoul ‘apedsp 8yl BuLINP SUOSSIW NJSSBIINS 19 -

W61} Jo 1591 YB3 8414 « | ABOJOUYDS | SUOITRD IUNWILLIOD PSOURADY JO youreT « B INYS 89eds a1 Jo sIyB1|) penuNuUoD « 666T-066T
V66T Ul P3| [poued
weJboud Ing ‘selerw
awr. e a1isodwod se ‘poied awin siy1 Bu LINp Seydurne| uoirels adeds
yons saibojouyde) paedopraQ ou ‘YmmoJB 1509 Jo asnedsq sbuLnanuisal welboid
‘pere iUl weiboud (dSYN) pue sufisspal Aue | "0s op ueder pue epeue)d
aue|d 99eds0JeY [RUOIRN e ‘adoin3  ‘'ulo[01S211IUNOD JBYI0 B1IAUI 01 pUR ,2PRIDP
'8T-4 pue ‘@|nnys adeds B UIYLIM,, UoITe1s adeds paidnaoo Ajusuewsed
/1) Buwog ayrapnioul © p[INg 0} SN SI021Ip ‘86T Ul ‘Ueffleay 1uepisaid
paIsal Ajuenbesans ss oIy A
' lrUOIRJedo Sawodeq ‘(sa11]jp1es Joyrem YVYON 686T 10 pud ybnoayl s1ybij) [NISSa2oNS alowl XIS -
jpuun] puim o1usboAIo UO payoune| | aJoM Sa14ss SIU] Ul sjuswiniisul 886T Joqueldas ul ybij) 01SuINPI 3 MINYS -
A1[10e4 D1uOSURI L [eUOITRN « [ BJow OM) — Sg¥T) 811|eleS 1Bbpng uoieipey yues ApaBey Jebus |leyD 8 NNUS 8eds 986T
'syodsuel) [e10eWwwod Bulpnjoul ‘sa11]je7eS 80UB IS YLkea JBY10 JO youne « | Akenuer [1un SSyourne|aiInys [NJssaoons 72 Jo [e1ol -
abJe| Joj pareullip "(InJsS800NS Y100)) S| ]PRes T86T |V Ul b1 amnys s11y -
A|[enlIIA usaq aouls Bususs a10WL. Y11ea G pue ¢ Jespue Jo sayourne « :(Req 0B s @ MNys
aNeY SJuspIode Jesys-puln *;B1idnr 018go.d 09(1/eD Jo youre . ay1episul syl Ty ‘sdoin3 Aq 1jing ‘Aioreloce|
SJ11NeuUo BY suolieo||dd'y pue 1ybi|4 8oeds tewnH polied awi |

90UBI0S YlJeg pue adeds JoJ 1Je 109deds 211000y

¥5-Sd0




'suwiooq 21Uos

J0 A1Isueiul 81 8oNpal 01 Moy
a1ebISeAUISIYOI) TL-HS »
‘SleABUeW

awLIIXe BuLINp 1j101Re
Jo1yb1) 1oy A es Buinoidwi
oexe Jo sa|bue yby e
WB11) paz1|igess are.isuowsp

11/ Tespue Jo youre «
el —swiofre|d (SOT) wWeisAs Buiniesqo yies
39441 JO 1511} 8Y) pue ‘Buisuss Ueado 10) | WOSHIN®

pue uopesod/X3d01 ‘(d3-SINOL)8goid
U1e3-;eiewonosds Buidde |\ suozo 1ol ‘(SHvN)
all|PIeS Yotessay dleydsowny seddn Buipnoul
'S911|joTeS 90U IS Y14ea JO Sayoune| panuiuo) «
(6667

Ul JoligIO alew! D Ske |\l pue ;spue] kejod Sk A pue
‘866T Ul OABSQO Sk |N) S9N |k} 331} pue ‘(JoABsO
[ego|S Sk N pue ‘salias AloAodsigayl Jo Led sem
UoIYM “Jopuljyred S |A) 966T UI'SUOISSILL [NJSS00NS
oM Bulpnjoul ‘saqo.d s Jo seyoure| panunuo) e
'SUOISS IW 9Jeds

daop JoJ Saulbus uol Jo 159) T aJeds dea Jo yourne «
"(Yrre3 01 1WOI JO 9jdues uinpJ 01) Isnprels

pue ‘1010905014 feun ‘Uossiw (43 N) SnoAzepuay
ploesy ylLe3 feap Jo sayoure| Buipnoul

‘1/e1093eds Jo Salkes ABA0JSIA, JO UoIRNIU «
'SoM|les JoJo[dx3 JO Sayoune| panuiuoy e

pa1e |[dwod aq 07 JUsLWBss Uessny

1XaU 8y} buneme a11ym (0002 |1un) sniely uay}
‘866T Ul payoure| Siuswbas uoies adeds oM 1S11J -
€66T Ul

solneuo By

suolredlddy pue
90UBI0S YlJeg pue adeds JoJ 1Je 109deds 211000y

1y61|4 8oeds UeWNH

polledawiL

GG-SHO




a1 padoprep (VYINGY) Aousby ajssiN ansted AWy oyl "WSVN JO uoirean ay) 01 Joud Auly 'S N ayl Ag unBag sem weiboud Jesojdx3 ayl Awouoaise

pue ‘saisAyd elsalRI-R|0S ‘SosAyd olieydsowe Bulpnioul ‘ssuljdsip Jo abuel apIM B JOA0D SA)I|PIeS s3] '9JUlsS paydune| usag anry oW [RJONSS
A1InJSSe00ns 7/ ‘payourte| usaq peysall|eles Jalo|dx3 8/ ‘0002 Uose N Jose Teyisuiodal [ [uiy-seio|dxa;/ 1 nw/Aobeseu-o)sh-opssu//:dny]e1sgem 10 [dX3S  WYS VN ««
‘DAISUBLYRIAWIOD 57 0} JUEBW 10U S| pUe ‘SUOSSIW 8Jeds SN JO So|dwexa aAIeSN| |1 SMOUS 8|el SIUL «
'SHD Ag peleda.d

'9'6 YJe Nl JO p3ads pauleIsns
Yum ‘46113 o1uos;edAy 1oy
saulbus 18 [we.os Buiyes.q
-1l S9leJISUOWRP WEY-X o
"SUO 1722 IUNWILLIODS |9

10} S9)I1| TS O SAIRRUB] I Lie
Se Jo Bulioyiuow d1Bydsowre
pue Buifew punolb
uisuoipeoidde a|qssod Yim
‘(1991 000°26) 1eIolfe UBALIP
-R|pdo.d Joj piodalepnine
SIBS SOIPH 90 1IUBA YoJeasal
211109 p-!e|0s palo|idun

‘AInep. Jo Aloay) eleusb

S UBISUIT 1591 0} g 3qo.d-AneIS) Jo youre »

’INY pue enby — swuoje|d SO3 oml feuly

pue ‘(uopesod/X3dO L 01 U0 MO|[0}B) T-NOS VL
all|eres Buisuss Uesoo ‘1 ¥S3D| ‘T-03 Bulpnjoul
‘S911|pTES BoUB DS Y1Ies JO Sayoure| panuiuo) e
'SJ0J0|dX3 JO Seyoure| panunuoD e

*AIn2sa A 1100 0] JeBusssa |\ pue ‘yle3

0] pUIM fe|0S JO S9|dwes uiniaJ 01 S1seuas) Bulpn|aul
‘SUOISS W SSe [2-AIBA03S I JO SBYdUNe| panuiuo) «
"(slenoi Aliunuioddo pue 11ds pue ‘Je11g.o ASsSAPO
Sie\ Buipnoul) saqoid Sie | Jo Seydune| panuiuo) e
‘(edoossp L

a%eds jBz11dg) AloleAiesqO 1919 Yoy JO YouneT «

. puofaq spliom,, pue Sie A 01 Wyl puss
ARepawios pue 0zoz Ag UoO [N 8Y1 01 Stewiny uinp.
01 VSN Bunoeiip ‘00z Afenuer ui Juoirio|dx3

9Jeds 10J UOISIA ,, SSoUNCULR Usng JUspISSUd «

1Je1090eds

ZnAoS UeIsSny J0 9 INys 8Jeds 'S'M U0 SMBJ0 BunsIA
01 Uuonippe ul ‘s1jiys Buie10. UO aW) Tyl 20U S
A11j192) 8Y) pfeode Usag aAeY SIMeuo.ise 89y Jo OM |
"0002Z JequisAON Ul sulbaq Aouednooo Jusuewssd ,, -
:uOoITeedo pue Uo119N.IISUOD UOIIRIS 8Jeds panunuo) «

"(TT-S1S) 5002 AInC ul uoissiw 1614 01 uINPY
1511} |nun s1eek 7 Z 10} pepunolb 1884 8 MNYS -
€00z ArenigeH ut Apsfeeiquiniod

9MNUS aJeds |hun ‘uoieIs adeds ay] JO U0 NONJISUOD
Y1IM pare100sse Auew ‘ssyoure| |njssaons gt -
BMNYS 8Jeds ay) Jo sybI| peNUNUOD e

002-000¢

SolINeuUo BY

suoleolddy pue
90UBI0S Yl.Je3 pue aoeds 0j 1Je 1080eds 211090y

16114 80RdS UBWINH

polied awi |

9G6-SHO



“fonIns 21601099 SN
a1 Aq peresedo ae pue ‘[euoitesedo ||nS ke 2 pue G Jespue] “1ou S| 9 Jespuea|Iym 9|gelSIyl ul pepnioulsi / TespueT ‘8JoLmey L '/ TespueT peyoure| VSN
pue ‘diysiosuods SN Jepun 3Jeq ybnoig sem welboud syl pue ‘pajre) youre| Byl "WSYN 10U ‘YVYON AQ Usasieno sem yaiym ‘welbold uoirezireaud eyl
JBpun payoune| sem ‘g Jespue ‘ail|pes auQ WSS Jespueayi sz ieAlid 0} spew sem Jdwsie e ‘SO86T pue SOL6T 8Yl Ul G-T Fespue ] Jo youne|s, VSN BNV L

'80JBLULLIOYD) JO JusWieda 8yl Jo 1ed ‘UoIeJISIUILPY 21/8ydsowly pue 21Uesd [eUOIRN ayls! VVON
'S9}I|PIES WS VN 10U ‘a0 aem Bupeads ApoLis *(JnJSseoons a1em UydIum Jo 88.3) SaH[jeTes JoJo|dxT aA14 1114843 I ‘Uo1eaid S} uodn SN 0 paLsisue.)

alomwelboid eiodxgayipue ‘1dC ‘VINGY 'Sall|eIesayl 1|ing Aloreloge 7 uoisindoid 1or's AWy ayl pue ‘ssyoune| slojdx3 Ajkes syl Jo) pasn 8 [9IUaA youne |

LG-SHO



