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Mr. Chairman and Members of the Subcommittee, tlyankfor the opportunity to appear today to
review the findings and recommendations of NASA&'gart to Congress in response to the NASA
Authorization Act of 2005 (P.L. 109-155). Belowhdve addressed the questions posed by this
Subcommittee in your invitation to testify.

Question #1: What were the principal findings aecbmmendations of NASANear-Earth Object
Survey and Deflection Analysis of Alternatives: ®efm CongressMarch 2007, and what was the basis
for those findings and recommendations?

The principal findings were the result of a stuelgrh, led by NASA'’s Office of Program Analysis and
Evaluation (PA&E) that conducted an analysis céralatives with inputs from several other U.S.
government agencies, international organizatiomd rapresentatives of private organizations. E€aent
developed a range of possible options from puliit @rivate sources and then analyzed their cafiabili
and levels of performance including costs, develapnschedules, and technical risks. In order tetme
the congressional goal of completing the surve2®®0, the study team assumed primary project
elements would have started their development liglieéc 1, 2007.

NASA recommended that the existing “Spaceguard &tirprogram continue as currently planned, and
that NASA would also take advantage of opportusitising potential dual-use telescdpesd
spacecraft—and partner with other agencies asbleasto make progress toward achieving the
legislative goal of discovering 90 percent of atgntially hazardous objects 140 meters in mean
diameter and greater. However, due to budget @ng&t, NASA cannot initiate a new program beyond
the Spaceguard Survey program at this time.

NASA would be pleased to implement a more aggredsiwO program if so directed by the President
and Congress. However, given the constrained ress@and strategic objectives the Agency has alread

The proposed Large Synoptic Survey Telescope (L®&d@)Panoramic Survey Telescope And the Rapid Respo
System (Pan-STARRS) present possible future oppitids, if they are funded by other agencies. Aropossible
opportunity would be the Lowell Discovery Channeldscope (DCT), but its contribution would be l#&n LSST
or Pan-STARRS.



been tasked with, NASA cannot place a hew NEO @iogabove current scientific and exploration
missions.

For ease of following the findings and recommeratej simplified definitions are as follows:
» “Detection”is the act of finding the objects;

* “Tracking” is the act of determining their orbits;

» “Characterization’ls the act of determining their physical propestie

» ‘“Cataloging”is the act of maintaining a data base of the sidniid physical properties of known
objects and predicting potential impacts with tisetE; and

» “Mitigation” is the act of deflecting, destroying, or reduding impact consequences of a specific
object that is predicted to strike the Earth.

Key Findingsfor the Survey Program

* The goal of the Survey Program should be modifeedetect, track, catalogue, and characterize, by
the end of 2020, 90 percent of all Potentially Hiedmas Objects (PHOs) greater than 140 meters
whose orbits pass within 0.05 AU (Astronomical Whidf the Earth’s orbit (as opposed to surveying
for all NEOSs).

* The Agency could achieve the specified goal of eying for 90 percent of the potentially hazardous
NEOs by the end of 2020 by partnering with otheregoment agencies on potential future optical
ground-based observatories and building a dediddEtisurvey asset, assuming the partners’
potential ground assets come online by 2010 and,281d a dedicated asset by 2015.

» Together, the two observatories potentially to eeetbped by other government agencies could
complete 83 percent of the survey by 2020 if okiggrtime at these observatories is shared with
NASA’s NEO Survey Program.

* New space-based infrared systems, combined witteglggound-based assets, could reduce the
overall time to reach the 90 percent goal by adtlé@ee years. Space systems have additional
benefits as well as costs and risks compared tangkbased alternatives.

* Radar systems cannot contribute to the searchotenpally hazardous objects, but may be used to
rapidly refine tracking and to determine objecesitor a few NEOs of potentially high interest.

» Determining a NEO’s mass and orbit is requireddtednine whether it represents a potential threat
and to provide required information for most altdives to mitigate such a threat. Beyond these
parameters, characterization requirements and diijesbare tied directly to the mitigation strayeg
selected.



Key Findingsfor Diverting a Potentially Hazar dous Object (PHO)
The study team assessed a series of approachestiidbe used to divert a NEO potentially on a
collision course with Earth. Nuclear explosivesyad as non-nuclear options, were assessed.

* Nuclear standoff explosions are assessed to b@Q@ihes more effective than the non-nuclear
alternatives analyzed in this study. Other techeggnvolving the surface or subsurface use of
nuclear explosives may be more efficient, but theyan increased risk of fracturing the target NEO.
They also carry higher development and operatiisks.r

* Non-nuclear kinetic impactors are the most matpmr@ach and could be used in some
deflection/mitigation scenarios, especially for N&E@at consist of a single small, solid body.

» “Slow push” mitigation techniques are the most ewgdee, have the lowest level of technical
readiness, and their ability to both travel to diwkrt a threatening NEO would be limited unless
mission durations of many years to decades arehpess

» 30-80 percent of potentially hazardous NEOs awhits that are beyond the capability of current or
planned launch systems. Therefore, planetary grassist swingby trajectories or on-orbit assembly
of modular propulsion systems may be needed to angtaunch vehicle performance, if these
objects need to be deflected.

Question #2: How were the cost estimates and teghoptions contained in the report arrived at, and
was any independent assessment of the cost estiaradeechnical options conducted?

Technical Options

The technical options contained in the report vaeneeloped through a systematic exploration of the
trade space for feasible alternatives, followeélmpnceptual design of selected options. Conceqts
selected to represent the available range of pediprmance, and acceptable technical risk to cetapl
the detection, tracking, cataloguing, and charaaton missions. Concepts were based on histaith
existing projects and on white papers presentad\#SA-sponsored workshop of national experts.

Trade trees were developed to describe the tedloptians. The detection and tracking trade tree
consisted of existing and new ground- and spaceebalsservatories operating in the visible and refia
spectra; ground based radars were consideredaftkiig. The characterization trade tree contained
existing, proposed, and new remote and in-siturebagpassets. Cataloguing considered a range of
operations and data management options basedtornida§ proposed, and new information systems.

Cost Estimates

Life cycle costs were calculated as the total &echure cost in fiscal year 2006 billions of dadlar
including development, production, deployment, apdration of the alternatives. Life cycle coststfe
detection, tracking, and data management optiome eadculated both for a fixed period (through 2020
and until the objective of cataloguing 90 percehspecified threats was complete. For some ogtion
that rely on existing systems or available techggl@perational costs were much higher than the
development costs over the 15-20 year life cytieorder to meet the Congressional goal of commigti
the survey by 2020, the study team assumed priprajgct elements would have started their
development by October 1, 2007.



For space-based systems, the total life cycle doslisded estimated costs for program management,
systems engineering, mission assurance, launchlgebpacecraft, scientific instruments, mission
specific ground data systems, mission operatiarsdata analysis. Ground-based systems incluaed th
cost of development, production, and operationger&ions costs were calculated over either thesgur
period for detection, tracking, and cataloguingsitiss or the predicted duration of characterization
missions.

The cost estimates for the space vehicles reliedutiple methods including historical analogieslan
prior cost-estimating experience. Cost-risk aredysere performed using these data as inputs and
assumed that every cost element could be represbytgtatistical characteristics such as meangdatan
deviation, and mode. A cumulative probability distition of total cost was generated for this anialpy
combining cost distributions from the different telements, and costs were estimated at the 68mterc
cost confidence level when applicable. Prograntraists were based on historical actual costs and
applied as a percentage of the space vehicle chatsich vehicle costs were based on recent, public
released estimates for commercial launch vehicles.

Ground-based observatory costs were based on edpaxpenses for currently operating systems or
based on estimates for systems currently in dewsdop. For several ground based options, concépts o
operations postulated utilizing (sharing) data thatild be collected on existing or planned systems
without materially affecting the primary missiontbese systems. For these systems, it was asghated
the NEO program would fund only a small portion ifone) of the development costs, but that an
equitable portion of the annual operations costslavbe funded by NASA. In cases where the ground
based systems were expected to be copies of sy#tatrere currently in development, only the
production and operation costs of the NASA-acquagstems were considered -- substantially reducing
their development costs and cost-risk.

Although multiple cost-estimating methodologiedatbases, and organizations were used, truly
independent cost estimates were not generateeses dne typically not within the scope of a conaalpt
architecture-level study. Likewise, assessmenthetechnical options were carried out using an
experienced team of personnel from several orgaors but fully separate evaluations of the cotgep
were not performed.

Question #3: What is tHeecommended option and proposed budget to caritloel Survey program
pursuant to the recommended optipa$ called for in Sec. 321(d)(2)?

NASA recommended that the existing “Spaceguard &tirprogram continue as currently planned, and
that NASA would also take advantage of opportusitising potential dual-use telescdyesd
spacecraft—and partner with other agencies asbleasto make progress toward achieving the
legislative goal of discovering 90 percent of atgntially hazardous objects 140 meters and greater

The goal of finding 90 percent of potentially haltaus objects 140 meters and larger is 1-2 orders of
magnitude more technically challenging than thec8gaard mission. To reach this goal within 10-15
years requires at least one new dedicated grouspame observatory.

% The proposed Large Synoptic Survey Telescope ().88d@ Panoramic Survey Telescope And the Rapid
Response System (Pan-STARRS) represent possihle fopportunities, if they are funded by other ages
Another possible opportunity would be the Lowels&avery Channel Telescope (DCT), but its contrdrutvould
be less than LSST or Pan-STARRS.



Cataloging the number of total number of objectsprapimately 100,000 —at the rate they would be
discovered, which is between 30 and 50 per dayiresia new tracking and data management
infrastructure whose ongoing operations may cartsti sizeable portion of total costs.

A delay (e.g. 5-10 years) in achieving the legigéagoal carries little additional risk when thepatt
interval for 140 m objects is about once every 5p€drs. This rate of impacts also indicates that t
system may need to operate (searching and trackingh extended period before identifying a cridib
threat. There are three epochs to the problenetafction and tracking:

*  Now: We know where few 140 m objects are and wh#ry will impact.

» Initial 10-20 years of the survey: Average warniimge will rise, unwarned impact risk gradually
decline. Decades of warning become likely.

» Steady-state: After 10-20 years of the survey,amed impacts of 140 m objects would be highly
unlikely. Centuries of warning become possible.

Currently, NASA carries out the “Spaceguard Surveyfind NEOs greater than 1 kilometer in diameter,
and this program is currently budgeted at $4.lionilper year for FY 2006 through FY 2012. We also
have benefited from knowledge gained in our Discpgpace mission series, such as the Near Earth
Asteroid Rendezvous (NEAR), Deep Impact, and Stdrohissions that have expanded our knowledge of
near-Earth asteroids and comets. ParticipatioNASA in international collaborations such as Japan’
Hayabusa mission to the NEO “ltokawa” also greb#pefited our understanding of these objects.
NASA’s Dawn mission, launched on September 27, 2@@l¥increase our understanding of the two
largest known main belt asteroids, Ceres and Vbstajeen the planets Mars and Jupiter. NASA
conducts survey programs on many celestial objecthe existing Spaceguard program for NEOS,
surveys for Kuiper Belt Objects, the search forasolar planets, and other objects of interesh sisc

black holes to understand the origins of our usigerThe science community could propose such a NEO
survey mission under the competitively-selectec®iery program.

NASA also identified an exemplar NEO Survey Progeard estimates for its architectural costs that, if
funded, could have achieved the specified goalinfeying 90 percent of the PHOs by the end of 2020
by constructing or funding a dedicated survey assetbined with NASA partnerships with other
government agencies on potential future opticaligdsbased observatories: the Panoramic Survey
Telescope and Rapid Response System (PanSTARREg4)rand the Large Synoptic Survey
Telescope (LSST) . Details of the exemplar prograare provided in NASA's report. Note that budget
estimates in the report are rough “architecturést@nd would require more rigorous analysis betore
program could be assessed for implementation.

Question #4: Will NASA's current NEO program safisifie requirement established in Sec. 321(d)(1) of
the NASA Authorization Act of 2005, and if not, viia NASA's plan for satisfying that requirement?

The current NASA NEO “Spaceguard Survey” prograntheut any augmentation, would not be able to
satisfy the requirements outlined in section 321(ddf the NASA Authorization Act for 2005. The
requirements for the Spaceguard Survey progrartodied only NEOs greater than 1 kilometer in
diameter, and its funding is currently budgetefidai million per year. NASA estimates that therent
program, if continued without major augmentatioowd detect 14 percent of the 140 meters or larger
potentially hazardous objects by the end of 2026wever, NASA is initiating plans to use other sayv
systems to increase the survey’s detection semgiéind rates. For example, NASA has begun pragdi
funds to the Air Force Panoramic Survey TelescopeRapid Response System (Pan-STARRS) project
so that it will be capable of providing data on NEEections after it starts operations on its first



telescope in the next year. If the Air Force amungis to fund this project to its intended fourdetgpe
configuration by 2010, this system alone couldalist over 70 percent of the potentially hazardous
objects larger than 140 meters by 2020.

NASA recommended that the existing “Spaceguard &gimprogram continue as currently planned, and
that NASA would also take advantage of opportusitising potential dual-use telescopes and
spacecraft—and partner with other agencies addleasto make progress toward achieving the
legislative goal of discovering 90 percent ofpaitentially hazardous objects 140 meters and greate

NASA would be pleased to implement a more aggredsiwO program, if so directed by the President
and Congress. However, given the constrained ress@and strategic objectives the Agency has alread
been tasked with, NASA cannot place a new NEO mogrbove current scientific and exploration
missions.

Question #5: How is progress on meeting the remérds of Section 321 being measured and
monitored?

Survey performance is tracked continuously by tEONProgram Office at JPL, and reported monthly on
NASA’s NEO Program website attp://neo.jpl.nasa.gov/statsThis database shows the performance of
each survey team and reports the number of NE@Isidimg Earth approaching comets, found each
month by orbit and size (larger or smaller than kit@meter) class. It also breaks out the objadiich

are potentially hazardous by size class. Spewibd and estimated size information for each drsced
NEO can also been found on the website, as wgta@sability of impact statistics for Potentially
Hazardous Objects.

The discovery statistics information is rolled gzl year and reported by the Science Mission
Directorate as part of our Government PerformarnegoRing Act (GPRA) submittal.

In closing, NASA recommends that the existing “Saferd Survey” program continue, as planned, and
that the Agency take advantage of opportunitiesgugbtential dual-use telescopes and spacecraft, as
well as partner with other agencies, to make psgteward achieving the legislative goal.

Mr. Chairman, | would be pleased to respond togumgstions you or the other Members of the
Subcommittee may have.



