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NEAR EARTH OBJECTS

WEDNESDAY, APRIL 7, 2004

U.S. SENATE,
SUBCOMMITTEE ON SCIENCE, TECHNOLOGY, AND SPACE,
COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,
Washington, DC.

The Committee met, pursuant to notice, at 2:30 p.m. in room
SR-253, Russell Senate Office Building, Hon. Sam Brownback, pre-
siding.

OPENING STATEMENT OF HON. SAM BROWNBACK,
U.S. SENATOR FROM KANSAS

Senator BROWNBACK. The hearing will come to order. Thank you
all very much for coming today. My apologies for being nearly a
half hour late. We had two votes scheduled back to back and I had
to go over and vote. I apologize for that to our witnesses and to oth-
ers.

We appreciate people being able to come particularly on this
Holy Week of Passover and Easter. It’s quite a week and I appre-
ciate our witnesses are willing to come into town for this particular
important hearing that we’re having.

Most people have watched Hollywood movies about asteroids, or
more correctly “Near-Earth Objects”—NEOs for short—striking the
Earth. Yet few know what is real and what is not. Fewer still know
what your government is doing about this threat, or not doing for
that matter.

Asteroid 2004FH, approximately 100 feet wide, passed within
about 25,000 miles of the Earth on March 18, 2004. This is equiva-
lent to riding in an airliner and seeing a small plane suddenly pass
a few hundred feet off the wing. It’s a pretty scary occurrence. Had
this asteroid hit the Earth, as a somewhat bigger one did in 1908,
it would have released over a megaton of energy. This is the explo-
sive yield of a large nuclear weapon. Yet we had only a few days
warning of Asteroid 2004FH. Other similar objects just missed us
in the past few years and we didn’t even see them until they were
past.

Scientists tell us that a big asteroid, ten miles in diameter, de-
stroyed the dinosaurs 65 million years ago. Asteroids are the small
bits left over from the formation of the solar system billions of
years ago. If we look up at the moon we can see the results of bil-
lions of years of bombardment in its shattered face. The Earth suf-
fered similar hits but most have healed due to Earth’s weather and
geological processes.
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Small asteroids hit the Earth every year; about thirty struck the
upper atmosphere last year. They each release as much energy as
a small atomic bomb. Fortunately the atmosphere protects us from
these little asteroids. But ones such as the March 18 object could
devastate a large city. Experts tell us that we run about the same
risk of dying in an airline crash as we do dying from an asteroid
strike. This is serious and warrants serious attention by our gov-
ernment.

The President’s new space exploration vision mandates that we
focus our attention on the opportunities inherent in moving human
presence into the solar system. But it also raises the question as
to potential threats out there. Panels of experts have met over the
past few years. All tell us that the threat of NEO impact is real.
At the smallest scale, those that strike us several times a month
could be confused in a crisis as a nuclear attack. Asteroids the size
of the one a few weeks ago hit Earth several times a century. The
experts also tell us that we could have the ability to detect these
objects before they hit and do something about it.

Today we are meeting to consider whether Congress should pass
legislation to do something about this threat from space. We will
hear from program managers within NASA and the National
Science Foundation on what is being done now and what is
planned.

We will hear from the experts in our scientific community on
what they recommend we do to find the threatening objects before
they hit. We will hear from space development experts on how we
could build spacecraft quickly and cheaply to meet threatening ob-
jects deep in space to find out about them and divert them as nec-
essary.

And finally, we will hear from former and current astronauts
how these objects might fit into the President’s exciting new space
exploration vision, both as targets for scientific exploration and
commercial use, as well as how to divert the threatening ones.

For the first time in this planet’s long history, the life that lives
here can take control of its own long-term destiny in this regard.
The clockwork of the solar system eliminated dinosaurs. Humans
were one result of that event. The question before us is to whether
and how humans will deal with this aspect of our collective future.

I want to enter into the record then as well, a statement from
Congressman Dana Rohrabacher who could not be here with us
today. They are on break on the House side and he has proposed
a bill to deal with Near Earth Objects and that will be put into the
record.

[The information referred to follows:]
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Mr. ROHRABACHER

To provide for a New=Enrth Objeet Survey program to deteet, track,
catalogue, and characterize certain near-carth asteroids and comets,

IN THE HOUSE OF REPRESENTATIVES

FEBRUARY 11, 2004

itroduced the following bill; which was referred to the
Committer on Scienee

A BILL

To provide for a Near-Earth Object Survey program to de-

teet, track, eatalogue, and characterize cortain near-carth
asteroids and eomets,

Be it enacted by the Senate and House of Representa-
tives of the United States of America in Congress assembled,
SECTION 1. SHORT TITLE.

This Act may be cited as the “George R. Brown
Near-Earth Objeet Survey Aet”.

SEC. 2. FINDINGS.
The Congress makes the following findings:

(1) Near-Earth ohjects pose a serious and cred-

ible threat to humankind, as scientists arve certain

that a major asteroid or comet was responsible for
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the mass extinetion of the majority of the Earth's
speeies, including the dinosanrs, nearly 65,000,000
years ago.

(2} Similar objeets have struck the Earth or
passed through the Barth's atmosphere several times
in the Earth’s history and pose a similar threat in
the future.

(3) Several sueh near-Earth objects have only
been discovered within days of the objeets’ closest
approach to Earth, and recent discoveries of such
large ohjects indicate that many large near-Earth
objects remain andiseovered.

(4) The efforts taken to date by the National
Aeronauties and Space Administration for deteceting
and characterizing the hazards of Earth orbit-cross-
ing asteroids and comets are not sufficient to the
threat posed by sueh objeets to canse widespread de-

struetion and loss of life.

SEC. 3. DEFINITION.

For purposes of this Aet, the term “Administrator”

means the Administrator of the National Acronauties and
Space Administration.

SEC. 4. NEAR-EARTH OBJECT SURVEY.

(a) Svnvey Procuast.—The Administrator shall

plan, develop, and implement. a Near-Earth Object. Survey

«HR 3813 [H
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program to deteet, track, catalogue, and characterize the
physical characteristies of near-Earth asteroids and com-
ets equal to or greater than 100 meters in diameter in
order to assess the threat of such near-Earth objects in
striking the Barth,

(b) AMENDMENTS —Section 102 of the National Aer-
onauties and Space Act of 1958 (42 U.S.C, 2451) is
amended—

(1) hy redesignating subsection (g) as sub-

seetion (h);

(2) hy inserting after subsection (f) the fol-
lowing new subseetion:

“(g) The Congress declares that the general welfare
and security of the United States require that the unique
competence of the National Aeronauties and Space Ad-
ministration in seience and engineering systems be di-
rected to deteeting, tracking, catalogning, and character-
izing near-Barth astervids and comets in order to provide
warning and mitigation of the potential hazard of such
near-Earth ohjeets impacting the Earth.”; and

(3) in subsection (h), as so redesignated hy
paragraph (1) of this subsection, by striking “and

()" and inserting “(f), and (g)".

() Axxvan Rerorr—The Administrator shall

transmit to the Congress, not later than February 28 of
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I each of the next 5 years beginning after the date of enaet-
ment of this Act, a report that provides the following:

(1) A summary of all activities taken pursuant
to subsection (a) for the previous fiseal year.

(2) A summary of expenditures for all activities
pursnant to subsection (a) for the previous fiseal
year,

(3) A detailed plan and budget request for all

activitics pursnant to subsection (a) for the next five

=T = T - “HE T - T T L o

fiseal years from the year that the annual report is

—

submitted.

=]

Al ORIZATION O & ROPRIATIONS — 1T here
(d) AUTHORIZATION OF APPROPRIATIONS —TI

w

are authorized to be appropriated to the National Acro-
14 nautics and Space Administration for the Near-Earth Ob-
15 ject Survey program  deseribed  in  subsection  (a)
16 $20.000,000 for each of the fiseal years 2005 and 2006,
17 Amounts appropriated under this subsection shall remain
18 available for 2 fiscal years.

(0]

oHR 3813 1H
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Senator BROWNBACK. I'm delighted you all could join us today. I
look forward to this informative hearing giving the Senate some
idea of what all is being done and what needs to be done.

Our first panel is Dr. Wayne Van Critters—Citters?

Dr. VAN CITTERS. Van Citters.

Senator BROWNBACK. Van Citters, excuse me. That’s a near miss
for me on the pronunciation. Division Director, Division of Astro-
nomical Sciences, National Science Foundation. I'm delighted
you’re here.

Dr. Lindley Johnson, Program Manager, Near Earth Objects Ob-
servation Program at NASA.

Gentlemen. We're delighted to have both of you here. I apologize
for being late. Your full statement will be placed in the record and
so you're free to summarize or to present however you’d like to. Dr.
Van Citters.

STATEMENT OF DR. WAYNE VAN CITTERS, DIRECTOR,
DIVISION OF ASTRONOMICAL SCIENCES,
NATIONAL SCIENCE FOUNDATION

Dr. VAN CITTERS. Thank you sir. Chairman Brownback, Ranking
Member Breaux, and distinguished Members of this Subcommittee.

We appreciate the opportunity to present the position of the Na-
tional Science Foundation on the important subject of Near Earth
Objects this afternoon and in responding, I'll present a picture of
NSF’s current activities in this area. We are supporting research
into the nature and origin of these objects as well as potential im-
portant contributions that NSF support, instrumentation and tech-
nfi‘fgues could make to an expanded discovery and characterization
effort.

As I'm sure the Committee is aware, NSF supports a wide range
of basic research in astronomy from solar system studies to cos-
mology all the way to the very nature of matter and energy and
what we support is driven by the interest of the scientific commu-
nity that we support and our merit review process.

The Committee is probably also aware of the formation of the As-
tronomy and Astrophysics Advisory Committee. This is after the
study that was done on possibly combining astronomical research
at NSF and NASA and the purpose of this Committee is to advise
both NSF and NASA and to some extent DOE on areas of common
interest and cooperation. And in this recent March 15 report, the
first report that this Joint Advisory Committee made, they under-
scored along with a number of other issues the number and nature
of Near Earth Objects as an important and fundamental question
to be investigated over the coming decade.

We support a wide range of individual investigator grants and
operations at Arecibo, the National Astronomical and Ionospheric
Center, in particular the Planetary Radar Program there, and
these investigations look at the nature of Near Earth Objects and
I've given a few examples of those investigations in the written tes-
timony.

In general, they concentrate on the internal structure and origin
of the objects whether they’re binary in nature. If they are binary
or multiple in nature, how that came to be and for some of the
brighter ones, with more modern instrumentation or even capable
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of doing some rather detailed mineralogical analysis of the actual
composition of the objects themselves.

We've seen an increasing interest in this area in the scientific
community through the proposals presented to us over about the
past 2 to 3 years and are making choices of which areas to support
through our normal merit review of the proposals.

Looking to the future. I detailed in the statement the results of
the NASA study which was reported out in late 2002, I believe,
which outlines the current status of the Space Guard Program
which I'm sure Lindley will talk about in much more detail and
recommends next steps.

Very briefly, this treats the post-2008 period and in its conclu-
sions urges that a catalogue of objects larger than 140 meters in
diameter, so considerably larger than the one that passed by us a
few weeks ago, be completed which would give a complete census
at about the 90 percent certainty level.

The study estimates that the same approaches would provide 60
to 90 percent uncertainty—or 60/90 percent completion for objects
larger than 50 meters. An object of this size would provide quite
a large air burst but not anything like a dinosaur extinction event.

The study sets out several approaches both ground and space
based to consider in reaching the above goal and it gives a cost and
benefit analysis. So we think it provides a rather solid basis for
looking at how to go forward in the future.

In that regard, our plans at NSF we are considering building on
that NASA study and charging a Subcommittee of our Joint As-
tronomy and Astrophysics Advisory Committee with looking at an
appropriate effort following on the Space Guard effort that would
span both agencies and in particular for NSF how we would in-
crease our ground based effort in this area.

We would foresee that it would certainly involve an increase in
the support of individual investigator efforts looking into the na-
ture and origin of the object themselves provided that our commu-
nity interests and the proposal quality warrants it.

It would also however I think look at what’s being proposed and
highly rated in three of the National Research Council and the De-
partment of Defense looking at trade studies and relative merit of
these two possible instrumentation efforts for contributions to the
future of the detection effort. And in particular there are estimates
that the LSST and possibly Pan-STARRS could indeed respond to
the challenge of cataloguing all of the 140 meter diameter or larger
asteroids within seven to twenty years.

In conclusion, we're pursuing a significant amount of basic re-
search in this area and we are laying plans for new facilities and
expanded research activity that speak to many of the basic ques-
tions about the objects themselves and are confident that the body
of knowledge that we gain by this effort will have important appli-
cation to any eventual risk mitigation effort.

Again, I thank you for the opportunity to appear and we’d be
happy to respond to any questions.

[The prepared statement of Dr. Van Citters follows:]
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PREPARED STATEMENT OF G.W. VAN CITTERS, DIRECTOR, DIVISION OF ASTRONOMICAL
SCIENCES, NATIONAL SCIENCE FOUNDATION

Chairman Brownback, Ranking Member Breaux, and distinguished members of
the Subcommittee. Thank you for the opportunity to present the position of the Na-
tional Science Foundation on the important subject of Near Earth Objects. In re-
sponding to the questions that the Committee has presented to us, I will present
a picture of NSF’s support of research into the nature and origin of these objects,
as well as potential important contributions that NSF-supported instrumentation
and techniques could make to an expanded discovery and characterization effort.

Background and Context

The Division of Astronomical Sciences supports basic research in astronomy cov-
ering a very wide range of subjects—from studies of objects in our own solar system
to investigations of the beginning of the universe, including the very nature of mat-
ter and energy. In planning and conducting its programs, the Division benefits from
the advice of the scientific community in many ways, including the recently estab-
lished Astronomy and Astrophysics Advisory Committee (AAAC, jointly advising
NSF, NASA, and DOE). The establishment of the AAAC recognizes the value of an
integrated strategy to address national efforts to answer questions about our origins
and our future. The number and nature of NEOs are clearly fundamental questions
about both our origins and our future. In their March 15, 2004 report the AAAC
recommended a coordinated implementation effort to ensure timely development of
the Large Synoptic Survey Telescope, calling it a key facility for the detection of po-
tentially hazardous earth-intersecting objects as small as 300 meters.

Current Activity

A number of awardees in our Planetary Astronomy Program are investigating
Near Earth Objects (NEOs). The proposals funded by our program are determined
by the interest of the research community, as reflected in the number and subject
matter of proposals that we receive, and the results of our merit review of these
proposals.

As one example, Dr. Derek Richardson at the University of Maryland will be mod-
eling the tidal disruption of near Earth asteroids (NEAs) by the Earth’s gravita-
tional field to determine the frequency of binary NEA formation and the typical
characteristics of the resulting binary asteroids. The results from this research will
give insight into the internal structure of NEAs and may have implications for haz-
ard mitigation strategies.

In another effort, Richard Binzel at MIT will measure the near-infrared spectral
properties of 40-60 NEOs per year. The observations will balance measurements
that push the state-of-the-art limits of the technology for the smallest and faintest
objects and measurements that provide sufficient detail for detailed mineralogical
analysis.

Research in this area also represents a substantial fraction of the use of the Are-
cibo planetary radar system, characterizing sizes, shapes, rotation rates, and con-
figurations (single or binary, e.g.). The smallest system yet observed (a binary of
120m and ~40 m diameter components) was discovered in 2003. Measurements from
a combination of Arecibo and NASA’s Goldstone antenna from 1991 through 2003
demonstrated the existence of the Yarkovsky effect. This effect is an acceleration of
the body related to the time delay between the absorption of solar radiation and the
re-emission in the infrared. The observations clearly indicated that the acceleration
must be included in orbit predictions.

We have observed that the number of proposals to investigate NEOs has been in-
creasing annually for the last few years. Of the proposals we receive on this topic,
those that do best in our merit review competition are those proposing to charac-
terize the physical properties of the objects. What are they made of? How were they
formed and when?

I believe NSF is currently playing the role for which it is best suited. It is funding
individual investigators to further our understanding of the physical make-up of
NEOs. The proposals for these investigations are subject to our normal merit re-
view, thus insuring high quality basic research on these objects. In addition, it pro-
vides access to tools such as Arecibo that can enhance the discovery process.

Looking to the Future

In recent years, there has been an increasing appreciation for the hazards posed
by near-Earth objects, those asteroids and periodic comets (both active and inactive)
whose motions can bring them into the Earth’s neighborhood. In August of 2002,
our colleagues at NASA chartered a Science Definition Team to study the feasibility
of extending the search for near-Earth objects to smaller limiting diameters. The
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formation of the team was motivated by the good progress being made toward
achieving the Spaceguard goal of discovering 90 percent of all NEOs with diameters
greater than 1 km by the end of 2008. This raised the question of what, if anything,
should be done with respect to the much more numerous smaller, but still poten-
tially dangerous, objects. The team was tasked with providing recommendations to
NASA as well as the answers to seven specific questions. We believe that the an-
swers to these questions could form a solid basis for the direction of our research
efforts and for more detailed studies of the best integrated strategy to carry on at
the end of Spaceguard in 2008.

What are the smallest objects for which the search should be optimized? The
Team recommends that the search system be constructed to produce a catalog
that is 90 percent complete for potentially hazardous objects (PHOs) larger than
140 meters.

Should comets be included in any way in the survey? The Team’s analysis indi-
cates that the frequency with which long-period comets (of any size) closely ap-
proach the Earth is roughly one-hundredth the frequency with which asteroids
closely approach the Earth and that the fraction of the total risk represented
by comets is approximately 1 percent. The relatively small risk fraction, com-
bined with the difficulty of generating a catalog of comets, leads the Team to
the conclusion that, at least for the next generation of NEO surveys, the limited
resources available for near-Earth object searches would be better spent on find-
ing and cataloging Earth-threatening, near-Earth asteroids and short-period
comets. A NEO search system would naturally provide an advance warning of
at least months for most threatening long-period comets.

What is technically possible? Current technology offers asteroid detection and
cataloging capabilities several orders of magnitude better than the presently op-
erating systems. This report outlines a variety of search system examples, span-
ning a factor of about 100 in search discovery rate, all of which are possible
using current technology. Some of these systems, when operated over a period
of 7-20 years, would generate a catalog that is 90 percent complete for NEOs
larger than 140 meters.

How would the expanded search be done? From a cost/benefit point-of-view, the
report concludes that there are a number of attractive options for executing an
expanded search that would vastly reduce the risk posed by potentially haz-
ardous object impacts. The Team identified a series of specific ground-based,
space-based and mixed ground-and space-based systems that could accomplish
the next generation search. The choice of specific systems would depend on the
time allowed for the search and the resources available.

What would it cost? For a search period no longer than 20 years, the Team iden-
tified several systems that they felt would eliminate, at varying rates, 90 per-
cent of the risk for sub-kilometer NEOs, with costs they estimate to range be-
tween $236 million and $397 million for both ground and space components.
They conclude that all of these systems have risk reduction benefits which
greatly exceed the costs of system acquisition and operation.

How long would the search take? The Team concludes that a period of 7-20
years is sufficient to generate a catalog 90 percent complete to 140-meter di-
ameter, which will eliminate 90 percent of the risk for sub-kilometer NEOs. The
specific interval would depend on the choice of search technology and the invest-
ment allocated.

Is there a transition size above which one catalogs all the objects, and below
which the design is simply to provide warning? The Team concluded that, given
sufficient time and resources, a search system could be constructed to com-
pletely catalog hazardous objects with sizes down to the limit where air blasts
would be expected (about 50 meters in diameter). Below this limit, there is rel-
atively little direct damage caused by the object. Over the 7-20 year interval
(starting in 2008) during which the next generation search would be under-
taken, the Team suggests that cataloging is the preferred approach down to ap-
proximately the 140-meter diameter level and that the search systems would
naturally provide an impact warning of 60-90 percent for objects as small as
those capable of producing significant air blasts.

The path from where we are today to where we should be in 2014 is not defined
in the conclusions of the study that NASA sponsored. Clear goals are defined; how
one might reach them is wisely left to the scientific and technical community. At
the national level, we must now examine these goals in detail, validate the conclu-
sions, and determine how they might best be achieved.
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NSF Plans for the Future

We are considering asking the AAAC to form a subcommittee to advise on the ef-
fort that would be appropriate beyond Spaceguard. Broadly based in the scientific
and technical community, this subcommittee would consider the conclusions of re-
cent studies, extract necessary research directions that would help us better under-
stand the origin and nature of the objects known to date and help to chart the most
productive course into the future. By the very nature of the charge to the AAAC,
this would be an integrated look at the ground-based and space-based efforts that
would make the most effective scientific advances in this area.

Of particular interest to NSF would be the expansion of the individual investi-
gator-driven basic research that we currently support, and a more detailed under-
standing of how such projects as the Large Synoptic Survey Telescope (LSST) and
Panoramic Survey Telescope and Rapid Response System (Pan-STARRS) might best
contribute to the discovery and characterization effort in the future.

The LSST is a proposed single 8.4meter aperture, very wide field telescope capa-
ble of surveying the entire sky visible from one hemisphere every two weeks. It has
a variety of science drivers including the characterization of dark matter and dark
energy, the discovery of many classes of transient objects such as supernovae and
gamma-ray burst counterparts, and NEOs.

Pan-STARRS, an Air Force funded project under construction in Hawaii, will be
composed of 4 individual telescopes of 1.8meter aperture observing the same region
of sky simultaneously. In survey mode, i.e., searching for NEOs, Pan-STARRS will
cover 6,000 square degrees per night. The whole available sky as seen from Hawaii
will be observed 3 times during the dark time in each lunation.

The LSST’s ability to make fast, wide, and faint observations may make it unique-
ly suited to detecting small NEOs. A model LSST survey covering 9,000 square de-
grees of sky along the ecliptic, three or four times a month, to a limiting V mag-
nitude of 24.0, achieved a ten-year completeness of about 90 percent for NEOs larg-
er than 250 m, and about 80 percent for NEOs down to 140 m as called for by the
NASA study. The requirements placed on the telescope, telescope operations, data
system and detectors by the NEO detection challenge are considerable.

By reaching objects 100 times fainter than those currently observed in the NEO
surveys, Pan-STARRS is being designed to help complete the Congressional man-
date to find and determine orbits for the 1-km (and larger) threatening NEOs. Fur-
ther, it should push the detection limit for a complete (99 percent) sample down to
objects as small as 300-meters in diameter.

Design studies over the next several years will be needed to determine the strat-
egy for attacking the NEO problem and whether it is best carried out with a single
telescope like the LSST or whether an array of smaller telescopes such as Pan-
STARRS is more appropriate for this particular problem. NSF’s Division of Astro-
nomical Sciences has begun planning for such studies and we have been actively
joined by our colleagues at NASA, who will contribute their knowledge and experi-
ence in the handling of large data bases and archives.

Conclusion

In conclusion, Mr. Chairman, NSF is already pursuing a significant amount of
basic research in this important area. We are guided, as always, by the scientific
community through our merit review process. We are laying plans for new facilities
and expanded research activity that speak to many basic questions about the nature
and origin of these objects, and are confident that the body of knowledge so gained
will have important application to any eventual risk-mitigation effort.

Again I thank you for the opportunity to appear and would be happy to respond
to any questions.

STATEMENT OF DR. LINDLEY N. JOHNSON, PROGRAM
SCIENTIST, NEAR EARTH OBJECT OBSERVATION PROGRAM,
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Dr. JOHNSON. Thank you, Mr. Chairman, for the opportunity to
present to the Subcommittee information on this important subject
on NEOs.

At the request of Congress, NASA conducts the NEO observation
program to research the population of the larger asteroids and peri-
odic comets that pass relatively close to the Earth and may one day
pose a collision hazard with our planet. Our NEO program has
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been quite successful in finding these larger objects in the first 5
years of its effort.

In the effort to gain a better understanding of this hazard,
NASA’s Office of Space Science has been conducting a search of
space near the Earth’s orbit to understand the population of objects
that could do significant damage to the planet should there be a
collision.

Commonly referred to as a “Space Guard Survey,” this research
seeks those asteroids and periodic comets that come within an as-
tronomically close 50 million kilometers of the Earth. The objective
of this survey is to detect within a 10-year period at least 90 per-
cent of the NEOs that are greater than one kilometer in size and
predict their orbits into the future.

Currently, slightly over 4 million per year is budgeted for the
program. This funds modest search efforts, typically using refur-
bished ground based telescopes of about one meter aperture and
wide field of view coupled with digital imaging in order to cover
significant portions of the sky each month.

Presently 5 NEO search projects are either wholly or largely
funded with this resource. Also important to the effort is the obser-
vation correlation and initial orbit determination done by the
Minor Planet Center which is operated by the Smithsonian Astro-
physical Observatory and the High Accuracy Orbit Propagation and
Project Coordination done by NASA’s NEO Project Office at the Jet
Propulsion Lab.

The chart you've been handed summarizes the progress to date
in finding the Near Earth Asteroids or NEAs greater than one kilo-
meter in size. The program continues to make steady progress
since it started in 1998 to the goal of finding at least 90 percent
of these NEOs. As of the end of March, 514 of the 702 known NEAs
determined to be larger than one kilometer have been found by the
program out of an estimated total population of about 1,100.

We have also found 11 of 49 known Earth approaching comets.
In addition, 1,866 of the 2,032 known Near Earth Asteroids of
smaller size have been found. Because the projects are always re-
fining the detection techniques, the discovery of smaller objects is
becoming more frequent.

None of these objects found to date are on impact trajectories
with the Earth in the next 100 years.

The results of the recent study by the Science Definition Team
which Dr. Van Citters referred to which was commissioned by my
office and you’ll hear more about it from Grant Stokes, will show
that it is entirely appropriate that we search for the larger NEOs
first, because all factors considered, that is where the greatest risk
from an undetected asteroid on an impact trajectory lies. This is
principally due to the worldwide devastation it would cause. It is
orders of magnitude above what a smaller few hundred meter sized
impact would create and could well disrupt human civilization for
decades after an impact.

Completion of the current effort to find these large objects will
do much to reduce this uncertain risk and find the objects many
decades before any impact threat. But until the total population of
these objects is known, there is always the chance that an object
bound for a near term impact maybe discovered similar to the real
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life scenario which unfolded 10 years ago, when comet Shoemaker-
Levy 9, was discovered only in March 1993 inbound for a July 1994
impact on Jupiter.

It should be understood that the NEO Observation Program is
merely a science survey and does not provide a leakproof warning
network for impact of any size natural object large or small. Such
a comprehensive network would require an order of magnitude in-
crease in our funding and the cooperative efforts of several govern-
ment departments and agencies like with NSF.

Operational experience with the current system shows that for
every one kilometer of greater size asteroid found, there are three
to four smaller size asteroids also discovered.

But the true ratio of the small to larger asteroids is thought to
be over 100 to one. Because of the limitations of the current search
systems, the discovery of smaller asteroids is only possible in a sig-
nificantly smaller volume around the Earth. If our sensors can de-
tect a one kilometer sized asteroid at 50 million kilometers, they
can also see a 100 meter asteroid, but at perhaps only half a mil-
lion kilometers or a little beyond the moon’s orbit.

But at planetary orbital velocities, if the object is on impact tra-
jectory of the Earth, it would cover even this distance in less than
a day.

Thus, the detection of a relatively small asteroid on a destiny
with Earth could also come with relatively short reaction time. The
impact of a 100 meter asteroid on Earth could do significant dam-
age at the surface as this is estimated to result in an approxi-
mately a 50 megaton energy release at or perhaps slightly above
the surface. This will result in much loss of life if the impact were
in a populated area.

It is therefore prudent that we begin to put into place contin-
gency plans such as an internal NASA notification plan we are
drafting to deal with such a relatively unlikely but extremely high
consequence event.

Thank you for the opportunity to speak at this hearing and I'd
be happy to respond to any questions you have.

[The prepared statement of Dr. Johnson follows:]

PREPARED STATEMENT OF LINDLEY N. JOHNSON, PROGRAM SCIENTIST, NEAR EARTH
OBJECT OBSERVATION PROGRAM, NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION

Thank you, Mr. Chairman, for the opportunity to present to the subcommittee in-
formation on the important subject of Near Earth Objects. At the request of Con-
gress, NASA conducts the Near Earth Object (NEO) Observation Program to dis-
cover the larger sized asteroids (greater than 1 kilometer or 0.62 miles in size) and
periodic comets that pass relatively close to the Earth and may one day pose a colli-
sion hazard with our planet. Our NEO program has been quite successful in finding
these larger objects in the first five years of the effort.

Background

The Earth orbits about the Sun in a cloud of planetary debris still left from the
formation of the Solar System. This debris ranges from micron-sized dust particles,
to meteoroids at sand grain to a few meters in size, and to asteroids and comets
that are tens of meters to several kilometers in dimension. Collision with meter-
sized meteoroids is almost a weekly event for the Earth, but the surface is well pro-
tected from these common events by its atmosphere, which will cause objects less
than about 50 meters in size and of average density to disintegrate harmlessly be-
fore reaching the ground. However, even the relatively active surface of the Earth



14

still bears scars of impacts from space, with 168 craters worldwide—some up to 300
kilometers in size—having been identified to date.

Though collisions with larger bodies are much less frequent now than in the early
stages of planet formation in the Solar System, they do still occur. Very significant
events, capable of causing damage at the surface, will happen on scales of a few
hundred to a thousand years. But we do not know when the next impact of an object
of sufficient size to cause widespread devastation at ground level may occur. At the
current state of knowledge, it is about as likely to happen next week as in a ran-
domly selected week a thousand years from now.

The Survey

In an effort to gain better understanding of this hazard, NASA has been con-
ducting a search of space near the Earth’s orbit to understand the population of ob-
jects that could do significant damage to the planet should there be a collision. Com-
monly referred to as the “Spaceguard Survey”, NASA’s Office of Space Science con-
ducts this research effort on “Near Earth Objects (NEOs)’—that is, asteroids and
comets that come within an astronomically close distance, <50 million kilometers of
Earth. The objective of this survey is to detect, within a 10-year period, at least 90
percent of the NEOs that are greater than 1 kilometer in size and to predict their
orbits into the future. The survey officially started in 1998 and to date, over 700
objects of an estimated population of about 1100 have been discovered, so the effort
is believed to now be over 70 percent complete and well on the way to meeting its
objective by 2008.

A few words of explanation on the parameters and limitations of the survey may
be appropriate. The threshold of 1 kilometer in size was accepted for this survey
because it is about the size asteroid that current research shows would border on
having a devastating worldwide effect should an impact occur. Because of the orbital
velocities involved, impact on Earth of an asteroid of this size would instantly re-
lease energies calculated to be equivalent to the detonation of almost a 100,000 meg-
aton nuclear device, i.e., more than all the world’s nuclear arsenals detonated at the
same time. Not only would the continent or ocean where the impact occurs be ut-
terly devastated, but the effects of the super-heated fragments of Earth’s crust and
water vapor thrown into the atmosphere and around the world would adversely af-
fect the global weather for months to years after the event. Such an event could well
disrupt human civilization anywhere from decades to a century after an impact.

A goal of 90 percent completeness was adopted as a compromise driven between
the level of resources that could be dedicated to this effort and the time period prac-
tical to conduct the survey at this level of technical capability. Currently, slightly
over $4M per year is budgeted to the NEO Observation Program within the Solar
System Exploration Division’s Supporting Research and Analysis Program. This
funds modest search efforts, typically using refurbished, ground-based telescopes of
about 1-meter aperture and wide-field-of-view, coupled with digital imaging in order
to cover significant portions of the sky each month. Presently, five NEO search
projects are either wholly or largely funded with this level of resource, along with
significant support to central processing of observations, orbit determination and
analysis. These five search projects are:

Project Name Institute Principal Investigator

Lincoln Near Earth Asteroid Research (LINEAR)

MIT/Lincoln Laboratory, MA Dr. Grant Stokes
Near Earth Asteroid Tracking (NEAT)

Jet Propulsion Laboratory, CA Dr. Ray Bambery
Lowell Observatory Near Earth Object Search (LONEOS)

Lowell Observatory, AZ Dr. Edward Bowell
Catalina Sky Survey LPL, University of Arizona Mr. Steve Larson
Spacewatch LPL, University of Arizona Dr. Robert McMillan

Both the LINEAR and NEAT projects operate using optical telescope facilities
owned and supported by research components of the U.S. Air Force. This represents
that service’s entire contribution to the search effort, but utilization and direction
of these assets must be coordinated with the cognizant Air Force Material Command
offices. The Spacewatch Project also receives some modest private funding.

Ten years was considered a reasonable amount of time for this level of effort to
bring the overall large asteroid population known to 90 percent completeness. No
level of effort could ever be assured of achieving absolute 100 percent completeness,
because of the vast difficulty in searching all possible orbit regimes and sources for
generation of new NEOs. It should also be understood that the NEO Observation
Program is merely a science survey and does not have the resources to provide a
“leak-proof” warning network for impact of any size natural object, large or small.
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Such a comprehensive network would require an order of magnitude increase in
funding and could require the cooperative efforts of several government departments
and agencies.

Progress of the Program

The NEO Observation Program continues to make steady progress toward the
goal of finding at least 90 percent of the large NEO population. As of the end of
March 2004, 513 of the 750 known NEOs (including 49 Earth-approaching comets)
determined to be larger than 1 kilometer in size have been found by the program,
of an estimated total population of about 1100. In addition, the program found 1862
of 2032 known Near Earth Asteroids (NEAs) of smaller sizes. The MIT/Lincoln
Labs-led LINEAR project continues to be the leading search team, having found 40
large NEOs in 2003 along with 196 smaller objects. Significant contributions con-
tinue to be made by JPL’s NEAT team (10 large and 58 smaller objects in the last
year), Lowell Observatory’s LONEOS project (10 and 44), and the University of Ari-
zona’s Spacewatch project (2 and 54). The Lunar and Planetary Laboratory Catalina
Sky Survey has gotten back on line in the last few months of the year after an
imager upgrade, obtaining 8 discoveries, 2 of them larger than 1 km.

The chart below summarizes the progress to date on finding the NEAs greater
than 1 kilometer in size. A noticeable increase in the discovery rate occurs after the
NEO Observation Program started in 1998.

Budget. The FY 2004 budget for this program is $4,062K, a 2.8 percent increase
to the previous year.
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Current Survey Operations

Detection. The NEO Observation Program wholly funds the operations of four
search projects and partially funds another. Routine operation of these assets is
highly automated, in order to maximize the sky coverage obtained each month.
Ground-based telescopes can only effectively operate at night during the two to
three weeks of the month opposite the full moon, due to the sky brightness it
causes, and when weather (cloud cover) permits accessible clear sky. Telescope
movement, pointing, and imaging operations are all computer controlled via pre-
scripted software routines to optimize sky coverage and therefore maximize object
detections.
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The images taken each night are then post-processed to detect moving objects rel-
ative to the star background and obtain accurate measurements, called “observa-
tions”, of any detected object’s motion relative to the star background (a process
called “astrometrics”). A group of these observations, usually a set taken from three
to five images of the same patch of sky at slightly different times each night, is
called a “track”. These show the relative motion of an object, which can then be ana-
lyzed with other observations of the same object to determine its orbit. These obser-
vation tracks are then formatted for bulk telecommunications to the Minor Planet
Center. On a productive night, a search project may extract hundreds of observa-
tions on moving objects from its imaging data, most of which will be on Main Belt
Asteroids and only a small fraction, perhaps one or two if lucky, will be determined
to be NEOs. The search teams also routinely find comets in their collected images.

The Minor Planet Center. All observations thought to be natural small bodies (as-
teroids, comets and now Kuiper Belt Objects in the outer Solar System) are sent
to the Minor Planet Center (MPC), operated by the Smithsonian Astrophysical Ob-
servatory at Cambridge, Massachusetts, under the direction of Dr Brian Marsden.
The MPC is internationally recognized and officially chartered by the International
Astronomical Union to confirm the discovery of new objects in the Solar System and
confer their official designations. A modest amount of NASA funding is sent to the
MPC to support their work in confirming NEO detections.

The MPC receives observations from around the world, with a significant percent-
age coming from an informal international network of amateur asteroid hunters.
The orbital analyst at MPC attempts to correlate them with the positions of tens
of thousands of already known objects. Failing that, the MPC will provisionally des-
ignate the observations as a possible new object, determine an “initial” orbit for it,
and place it on a list for objects awaiting “confirmation”. This list of provisional ob-
jects, along with their predicted current positions, is available via the MPC website
for the community of observers to use in attempts to obtain additional “follow-up”
observations to confirm the existence and orbit parameters of a new object.

The observation processing at the MPC is highly automated, as it must be with
a staff of only three to four analysts operating with a very limited budget. However,
initial orbit determination often requires some analyst’s massaging of the orbit fit
to obtain the lowest residuals across what may be observations with some inherent
errors. Because individual search sites can only do the roughest of orbit calculations
based on their own limited data, the MPC is, in most cases, the first place where
it will be known if a newly found object poses an impact hazard to the Earth. Often
a family of possible orbits is initially obtained which must be narrowed with addi-
tional observations. For newly found NEOs, the MPC solicits additional observations
from the community via a web-based “NEO Confirmation Page”, and in the most
critical cases, via phone calls to known observers in whatever part of the world is
most likely to have the earliest accessibility to viewing the object.

Follow-up Observations. Additional observations, either obtained by another ob-
server later the same night or on a subsequent night, even by the same facility that
first discovers an object, are essential to confirming the objects existence and devel-
oping a more accurate orbit for the object. For the most accurate orbit, it is best
for the observations to be obtained several days to a week or more after the initial
set in order to obtain a longer observed “arc” of the orbit and, therefore, a broader
fit of observation data. However, for NEOs, the time allowed to elapse must be trad-
ed off between obtaining a broader arc and getting an orbit established before the
object is lost, either because the initial orbit was too far in error, or, more likely,
the object is so small that it simply cannot be seen after only a few days of its clos-
est approach to Earth.

The informal network of amateur astronomers does much of the follow-up obser-
vation work today. However, the search for NEOs is beginning to enter an era when
the objects being detected are simply too faint to be seen by the equipment afford-
able to most amateurs. Therefore, in the future, search systems must ensure they
have enough survey capacity available to do their own follow-up on new objects in
a timely manner.

High-accuracy Orbit Determination. The best orbit determination requires enough
observations spread over a sufficient arc of the orbit to provide the best resolution
of motion for the object and reduce the influence of subsets of data with may have
some components of error. Again, getting the best results can be somewhat of an
art form, but the best orbital modeling for this reside with the NEO Program Office
established by NASA at the Jet Propulsion Laboratory in Pasadena, California, and
managed by Dr. Donald Yeomans. This office also supports the orbit determination
and navigation for NASA’s interplanetary missions to asteroids, comets, and moons
of other planets. Its NEO work is fully funded by NASA, and the high-accuracy orbit
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determination capability is nicely complementary to the MPC’s observation proc-
essing and initial orbit determination abilities.

The NEO Program Office is able to use its orbital modeling capability to predict
the position of any known NEO up to 200 years into the future, taking into account
all the known gravitational influences and orbital perturbations of the Sun, planets,
and moons in the Solar System. This can be done with a very high degree of preci-
sion for asteroids that have been tracked for extended periods, particularly multiple
orbits, or for which high-precision observations have been taken by planetary radar.
High-precision radar observations can greatly reduce the position and motion errors
for the subset of objects that come close enough to the Earth to allow its use.

High-precision prediction of newly discovered NEO orbits allows them to be sepa-
rated into those whose orbits will not be a collision hazard to Earth for the foresee-
able future and those which are in orbits that pass close enough to Earth’s that they
may someday pose a hazard. These “Potentially Hazardous Asteroids (PHAs)” are
about a 20 percent subset of all NEOs found. Of course, known and unknown errors
in the NEO’s orbital parameters can propagate out to significant uncertainty in the
position when predictions are done decades into the future. Therefore, periodic ob-
servation of known objects, especially those known to be in potentially hazardous
orbits, must be done to update the last known position and reduce the orbit errors.

Low Probability, High Consequence Events on Short Timelines

A central premise of the current survey effort is that in the relatively short 10-
year period, the search teams would be able to find almost all asteroids of greater
than 1 kilometer dimension that might pose a threat of impact—many years to mul-
tiple decades before any such event. It could perhaps even provide many centuries
advanced notice, since this level of event is thought to happen only once or twice
in a million years. Hypothetically, this would allow ample time to develop the tech-
niques and technologies that may be required to deflect or mitigate a predicted dis-
aster. But until the total population of these objects is known, there is always a
chance that an object bound for a nearer term impact may be discovered, similar
to the real-life scenario which unfolded when Comet Shoemaker-Levy 9 was discov-
ered in March 1993 inbound for a July 1994 impact on Jupiter.

The results of a recent study by a Science Definition Team commissioned by
NASA’s Solar System Exploration Division show that it is entirely appropriate that
we search for the larger NEOs first because, all factors considered, that is where
the greatest risk for an undetected asteroid on an impact trajectory lies, principally
due to the widespread devastation it would cause. It is orders of magnitude above
what smaller, sub-kilometer sized impactors would produce. Completion of the cur-
rent effort to find these large objects will do much to reduce the uncertain risk of
which we have now become aware.

But more frequent would be the discovery of a relatively small asteroid on a po-
tential impact trajectory with Earth, as this occurs more often. Since the optical
sensors used in the survey detect the brightness of the object against the sky back-
ground, which can only be approximately related to an asteroid’s size based on as-
sumed reflectivity of light, the search systems are as capable of finding smaller as-
teroids at closer range as larger objects much farther away. They are designed to
detect 1 kilometer sized asteroids at least 50 million kilometers distant but can also
detect an asteroid a dozen meters in size within the Moon’s distance from Earth.

Operational experience with the current systems shows that for every 1-kilometer
or greater sized asteroid found, there are three to four smaller sized asteroids also
discovered. But the true ratio of smaller asteroids, say 100-meter or larger objects
to 1-kilometer or larger objects, is thought to be closer to 100 to 1. Because of the
limitations of the search systems, the discovery of smaller asteroids is in a signifi-
cantly smaller volume about the Earth—an object one tenth the size of another
must be about hundred times closer to be seen by the sensor, assuming equal reflec-
tivity of their surfaces. If the sensor can detect a 1 kilometer sized asteroid at 50
million kilometers, it should theoretically also see a 100-meter asteroid at 500,000
kilometers.

However, at planetary relative orbital velocities, if the object is on collision course
with the Earth, it may cover even this distance in less than one day. Thus the detec-
tion of a relatively small asteroid on a collision trajectory with Earth could also
come with a relatively short reaction time. A 100 meter asteroid on direct collision
with Earth could do significant damage at the surface as this is estimated to result
in an approximately 50 megaton energy release at or perhaps slightly above the sur-
face. This would result in much loss of life if the impact were in a populated area.
It is therefore prudent that we begin to put in place some contingency plans, such
as an internal NASA notification plan we are drafting, to deal with such a relatively
unlikely but extremely high-consequence event.
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Again I thank you for the opportunity to appear and would be happy to respond
to any questions.

Senator BROWNBACK. Thank you, gentlemen. I'm sorry that As-
tronaut Nelson had to leave, but he submitted a series of questions
for the record that I would like to submit to you gentlemen if you
could get back to him in a timely time, I would appreciate you
doing that and I'll put that into the record.

As you look at that, what are the chances of Earth being hit by
a substantial near earth target? I put forward the chance is the
same as being involved in an airliner crash. Is that an accurate as-
sessment? Do you think that’s inaccurate? Or where would you
place it?

Dr. JOHNSON. From the studies that we’ve had, yes, that is about
the probability that is equivalent to about a million to one—a mil-
lion—or one in 500,000 somewhere in that range.

Senator BROWNBACK. We're talking about a substantial size ob-
ject. What would you categorize as a substantial size object to hit
us in that chance range?

Dr. JOHNSON. Anything that’s large enough to make it through
the atmosphere, anything larger than 80 meters or 200 feet in size.

Senator BROWNBACK. I was looking at your chart and you're say-
ing that we’re catching right about 700, that we’ve got categorized
and you’ve placed the estimated total at around 1,100, is that cor-
rect?

Dr. JOHNSON. Yes. That’s based upon the distribution that we’ve
seen to date. We've actually lowered that estimate through the
course of the program by about 40 percent. We were thinking the
overall population was about 2,000, but what we’ve seen so far, we
think that population is somewhat less than the original estimates
and it’s about 1,100 plus or minus 100 or so, the large one kilo-
meter size.

Senator BROWNBACK. OK, these are the large one kilometer size,
right? And I thought you said there was 100 to one ratio of the
large to the small.

Dr. JOHNSON. Yes. We believe it’s kind of a power law of the
numbers. As you get smaller, you know, a 100 to one ratio of
sizes——

Senator BROWNBACK. You're not worried about their impact on
the Earth should they hit, the smaller ones. Is that correct?

Dr. JOHNSON. No. We are worried about it. Until you get down
to a size that Earth’s atmosphere will dissipate, and that’s down
to about 50 meters, you have to worry about damage all the way
to the surface of the Earth of anything that’s larger than about 50
meters.

Senator BROWNBACK. OK. So what I hear you saying and you’ve
made substantial progress on the one kilometer or larger——

Dr. JOHNSON. Yes.

Senator BROWNBACK.—ones, but we’re still somewhere—you
think there’s 1,100—you think there’s 400 or so out there that we
have not found yet.

Dr. JOHNSON. Of the large ones, the ones that would do world-
wide devastation if they were to hit.
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Senator BROWNBACK. But you’re at 100 to one times of others
than that could do substantial damage. Depending upon their size
and we don’t have any idea where they are?

Dr. JOHNSON. Right. The original charter of the NEO Observa-
tion Program was to find the large ones that would have worldwide
global consequences, but there’s kind of a big elephant out there.
We're taking it a bite at a time.

Senator BROWNBACK. So if you've got one that’s half a kilometer
in size—let’s say what kind of damage could that do? Do you have
any estimates of what that would be?

Dr. JOHNSON. Well, that devastation on the order of the con-
tinent if it were to hit on land, pretty much the continent that it
hits would be affected. However, if it were to hit in the ocean the
ocean wave that would be caused, the tsunami, would probably im-
pact on both coasts. If it were hit in the Middle Atlantic, both the
Eastern seaboard of the United States and the European seaboard
would be affected by a large tsunami of several meters, if not a 100
meters in height.

Senator BROWNBACK. And we're not even tracking those yet?

Dr. JOHNSON. No, we’re not tracking those yet. We are finding
them when they come close to Earth, come close enough to Earth
for our sensors to see it, but we know that there are a lot more
out there.

Senator BROWNBACK. So when you say were finding them when
they come close enough to Earth, how close and how much time do
we have between when we’re finding them now and when they
would impact Earth?

Dr. JOHNSON. Well, as I said, so far those that we’ve found, none
of them are on impact trajectories. It all depends on what the orbit
is. It could be as rapidly as a day or two if it’s on a direct impact,
or it could be decades or centuries into the future until the orbits
intersect.

Senator BROWNBACK. Well, how much—you say we’re finding vir-
tually all of them now that are coming in close to the Earth. Did
I understand or did I ask that correctly?

Dr. JOHNSON. We'’re finding virtually all the large ones that come
close enough.

Senator BROWNBACK. Kilometer or larger?

Dr. JOHNSON. Yes.

Senator BROWNBACK. What about those that are a half a kilo-
meter?

Dr. JOHNSON. I would give you no guarantee on what the cov-
erage is for those.

Senator BROWNBACK. Of what we’re finding at all?

Dr. JOHNSON. Right. What we’re currently using are not designed
to find the small ones.

Senator BROWNBACK. Are you comfortable with what we’re doing
to date on this topic?

Dr. JOHNSON. As I said, it’s a pretty big elephant and you've got
to take it a chunk at a time. I'm comfortable that we are finding
the large ones, but there is a hazard out there still of the small
ones.

Senator BROWNBACK. It sounds like to me it’s a large hazard.

Dr. JOHNSON. Yes, it is.
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Senator BROWNBACK. And that we’re not going through that set
at all? I mean, I understand that there are costs associated with
this and there’s user resources that you've got to do. I trying to as-
sess what’s the nature of the damage potential?

Dr. JoHNSON. I think that’s an accurate assessment. We are find-
ing the ones that would have global consequence if they were to im-
pact, but it’s only serendipitously that we find the smaller ones
that could still do significant damage if they were to impact.

Senator BROWNBACK. What'’s the likelihood, the odds of us being
hit by a smaller object, say that’s a half a kilometer in size. Do we
have any projections on the odds of being hit by one of those in the
next 100 years?

Dr. JOHNSON. In the next 100 years, it’d be very, very small. Our
estimates are that one 500 meters in size or so would impact
maybe once in 100,000 years. Something like that. But we also be-
lieve that small ones, those on the order of 100 meters or so, im-
pact once every few hundred to a thousand years.

Senator BROWNBACK. What kind of damage could those cause?

Dr. JOHNSON. The energy release from a 100 meter object that’s
of average density would be about 50 megatons at the surface, or
slightly above the surface of the Earth. That’s larger than any nu-
clear weapon that we have.

Senator BROWNBACK. So youre talking about a catastrophic
event wherever it occurs?

Dr. JOHNSON. The region that it impacts in, yes.

Senator BROWNBACK. And what are the odds of that taking
place?

Dr. JOHNSON. Well, if on the average it happens once in 1,000
years that’s your probability. Maybe once in 1,000 years.

Senator BROWNBACK. Do we know when the last time one of
these hit the Earth was?

Dr. JoHNSON. Well, close to that size was the Tunguska Event
in 1908. That one was probably slightly smaller somewhere in the
70 meter range. Something like that.

Senator BROWNBACK. What was the impact of that event?

Dr. JOHNSON. Well, it actually exploded above the Earth’s surface
probably at five to seven kilometers, but it still devastated several
hundred square kilometers of forest in Siberia. The over pressure
just blew the forest down and so if it were to hit in a populated
area it would be like a nuclear device going off.

Senator BROWNBACK. And this is an item of 100 meters in size.
Is that correct?

Dr. JoHNSON. That’s correct.

Senator BROWNBACK. And we don’t have any idea of the quantity
of those that are out there that might be on some orbital pattern
toward the Earth?

Dr. JOHNSON. We believe they’re in the hundreds of thousands.

Senator BROWNBACK. Hundreds to thousands?

Dr. JOHNSON. Hundreds of thousands.

Senator BROWNBACK. Hundreds of thousands?

Dr. JOHNSON. Objects, yes.

Senator BROWNBACK. And that those hit the Earth you say once
every how often?

Dr. JOHNSON. Once every thousand years.
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Senator BROWNBACK. Are we doing enough, Dr. Van Citters?

Dr. VAN CITTERS. I think we could do a lot more. I think that
the study that NASA commissioned identified a very reasonable set
of parameters for future searches to carry on from the one kilo-
meter on down. We have a little more technology development to
do in terms of large area detectors and so on, but the ideas that
our community has presented to us and to Lindley’s program and
so on and how you might continue from here, I think are very cred-
ible.

I think there’s a fair amount of trade study that we need to do
to look at how one might best carry out an extended search wheth-
er it’s in one instrument or a series of instruments or if it’s assign-
ing parts of the search different instruments and so on, but I think
we could do a better job as I indicated in things like the large Syn-
optic Survey Telescope will quite naturally in the way they operate,
catalogue tens of thousands of these objects and provide the kind
of completeness that the expert committee has put in front of us.

Senator BROWNBACK. These would be objects of much smaller in
size than the one kilometer?

Dr. VAN CITTERS. Yes, this would be we—our sense of the esti-
mates, and these are of course just estimates, would be that the
surveys would be complete within—and it depends a little bit on
how you do them, but i1t’s somewhere between 7 years and 20 years
of operation, the surveys would be 90 percent complete down to 140
meters, which is of course a substantial increase in our knowledge
of the objects.

Senator BROWNBACK. Let me ask you on the other side of this,
just the knowledge we could learn from these Near Earth Objects.
We've got a Scientific American article I think we’ll have some peo-
ple testifying about, about using these as tugboats for information
of hooking probes on them, of what we could gain from asteroids.
Have either of you dealt with that side of this equation or thought?

Dr. JOHNSON. Not too much. We do have studies going on what
we call, “characterization studies,” to find out what these things
are made of and that would help us to determine what kind of re-
sources are present on these and so theoretically if there are re-
sources there that are of benefit to either us on Earth or in the ex-
ploration of the solar system, one could think of mining operations
going on on Near Earth Asteroids.

Senator BROWNBACK. What about using—that we put probes on
to carry the probe out further into the galaxy.

Dr. JOHNSON. Ones that are on the right kinds of orbits that do
go out into the solar system, potentially that’s an idea.

Senator BROWNBACK. Dr. Van Citters?

Dr. VAN CITTERS. There’s certainly a lot of interest in our com-
munity and indeed in the research that we re funding, because
these objects are—as you indicated in your opening remarks, left
over from the formation of the solar system. And so as we cata-
logue more of them, look at their orbits, where they lie in the solar
system, we get more spectroscopy to characterize what they’re
made of, whether they’re binary in nature and so on, we have a
very good probe of the very early days of our own solar system. And
add to our knowledge of basic research in that area.
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I should say too that there are, I think, we concentrate on the
astronomical aspects of this problem, there are other areas that I
think are very valid areas of research that would be supported by
other areas of the Foundation. And as we are talking this after-
noon, it ran through my mind that we have a very active area, for
instance, in mathematical sciences, looking at the propagation of
uncertainty in very complex models.

And as we go through a study like the one that NASA commis-
sioned, the uncertainties in the prediction of what the population
of the asteroids is, what they’re made of, uncertainties in observa-
tion and so on, propagation of those into an analysis of the risk at
the end which we must then use as a parameter to size systems
and so on is a very active area of mathematical research and some-
thing that would apply there.

Two, there’s also the evaluation and the public perception of risk.
You characterized the risk, or tried to draw the parallel between
the risk of being struck by a large asteroid and riding in an air-
plane. There are certainly different perceptions among the populace
of the risk of riding in an airplane versus the risk of riding in a
car in certain cases. And I think the social sciences are extremely
interested in how that sort of risk analysis and risk perception
plays out, particularly in something like this, which is not some-
thing within our—perhaps should be, but not something within ev-
eryone s everyday thought process.

Senator BROWNBACK. That’s very interesting, gentlemen, and I
appreciate your work. How do you sleep at night, Dr. Johnson, with
this knowledge?

Dr. JOHNSON. I sleep very well at night. But it’s not something
I worry about on a daily basis, but over time, it’s something we
need to be concerned with.

Senator BROWNBACK. That’s what it looks like to me. It’s one of
those things that we need to know the information for safety pur-
poses first. Protection is the reason the initial Federal Government
was created, was to provide for the security of the people. And so
you're always out there searching, what’s the security issue. And
you could say, well, the odds are this or that, but if something hap-
pens, it’s significant. So you really want to do everything you can.

And then on the flipside, it seems like there’s some real explo-
ration and research that could be done if we knew more of just
what all was out there. There’s a security issue here which is of
paramount concern. And then there’s a curiosity/research issue
that seems like a significant benefit if we knew a lot more of what
all was out there.

Dr. JOHNSON. These objects are the building blocks of the plan-
ets. They’re the building blocks of Earth. So the more we learn
about these objects, the more that we will learn about the Earth.

Senator BROWNBACK. Gentlemen, thank you very much. I appre-
ciate your coming in and I hope everybody listening in sleeps well
tonight.

We have a second panel. Dr. Grant Stokes, Associate Head of
Aerospace Division at MIT in Massachusetts; Dr. Michael Griffin,
Head of the Space Department at Johns Hopkins University, Ap-
plied Physics Lab; Mr. Rusty Schweickart, Chairman of the Board,
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B612 Foundation; and Dr. Ed Lu, President, and NASA Astronaut,
of the B612 Foundation.

Gentlemen, I appreciate very much your coming and joining in
the panel and discussion today on Near Earth Objects. All of your
written statements will be placed into the record. Dr. Stokes, we’ll
start with you and then we’ll proceed down the list as I announced
it.

Welcome to the Committee. You might pull that microphone up
kind of close to you. It’s fairly directional.

STATEMENT OF DR. GRANT H. STOKES, CHAIRMAN, NEAR
EARTH OBJECT SCIENCE DEFINITION TEAM, MIT LINCOLN
LABORATORY

Dr. SToKES. All right. Thank you, Mr. Chairman, for the oppor-
tunity to present to the Subcommittee information on NEOs this
afternoon. I'm here to represent the findings of the Near Earth Ob-
ject Science Definition Team, which I led recently for NASA. And
you’ve heard a little bit from the previous folks about that.

The team was tasked to address a series of specific questions in-
tended to explore the technical possibilities of searching for aster-
oids smaller than the current one kilometer goal, and the efficacies
of those searches. The study team which was composed broadly of
experts through the community addressed the question by per-
forming an exhaustive analysis along two parallel paths.

First, the team established the current estimates of the Near
Earth Object population, estimated the collision rates over time as
functions of size, and then the damage expected from those types
of collisions.

Second, the team evaluated the technologies available to be built
into systems intended to search for asteroids, and estimated their
implementation costs and the effectiveness of discovering and cata-
loguing potentially dangerous asteroids.

Combining that information from those two paths of analysis sys-
tems and strategies on a cost/benefit basis. The cost of investment
in a search system balanced against the benefit of providing aware-
ness of potential short or long term threats.

The team specifically did not address issues related to mitigation
approaches in the highly unlikely event that we find an object, a
substantial object, on a collision course with Earth, but the view
was that if one was coming, we certainly wanted to know.

The team estimated the annual nominal average risk remaining
in 2008, associated with an asteroid impact would be approxi-
mately 300 casualties per year, that’s worldwide, plus the attend-
ant property damage and destruction. That breaks down to about
17 percent of that risk is attributed to smaller objects doing re-
gional damage for land impacts, about 53 percent of that is due to
water impacts and the tsunamis that ensue, and 30 percent of that
risk is global climatic disruption caused by large impacts. So those
are the physical objects left over, undiscovered by the Space Guard
Survey in 2008.

Senator BROWNBACK. You re saying 300 deaths per year?

Dr. STOKES. That’s the average rate. Now, remember, that’s com-
posed of events that happen over long intervals, but some of them
can be quite destructive. That average risk is composed of dev-
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astating events that may occur only once over periods very long
compared to the life of an individual.

Senator BROWNBACK. So if there’s another like 1908 event that
occurs in 2030, you re calculators add——

Dr. STOKES. Right.

Senator BROWNBACK. The large number of casualties of that
event, but you're calculating it over a period of time.

Dr. STOKES. Correct.

Senator BROWNBACK. All right.

Dr. STOKES. In any particular year, the most likely number of
casualties due to an asteroid impact is zero. Now, in fact, over peri-
ods of millions of years, there have been extinction events like the
dinosaurs 65 million years ago, which would essentially cause the
loss of civilization. And that is some part of the average rate.

The 300 casualties per year that I mention is the left over after
we execute the current surveys. The actual yearly rate, much of
which has already been taken care of by the surveys, would have
been about 1,200 per year, if we started with no information.

In addition, the team concluded that current technology offers as-
teroid detection and cataloguing capabilities several orders of mag-
nitude better than presently operating systems. It is resources
rather than technology that is the current limitation on NEO
search performance. The team identified a variety of search system
examples which, when operated over periods ranging from 7 to 20
years, would generate a catalogue. That catalogue would contain
hundreds of thousands of asteroids and would be 90 percent com-
plete for Near Earth Objects larger than 140 meters. Construction
and operation of these systems to achieve the level of completeness
is estimated by us to cost somewhere between $296 million and
$397 million, that’s in Fiscal Year 2003 dollars.

All of those systems

Senator BROWNBACK. Is that a total figure, or is that over——

Dr. STOKES. That’s a total figure including building the system
and operating it to that level of completeness, which would take 7
to 20 years, depending on how aggressive—if one is in a hurry, one
should look at space-based systems. If one wants to take longer, it
can be done from the ground.

All of those systems that I mentioned have a favorable cost/ben-
efit pay back when measured in the unknown risk eliminated by
the dollars invested in the asteroid search system. Based on those
findings, the team recommended three things for NASA.

First, we recommended that future goals related to search for po-
tential Earth-impacting objects should be stated explicitly in terms
if the statistical risk eliminated or characterized, and should be
firmly based in a cost/benefit analysis.

Second, we recommend that NASA develop and operate a NEO
search program with the goal of discovering and cataloguing the
potentially hazardous population sufficient to eliminate 90 percent
of the risk due to the sub-kilometer objects. That would imply 90
percent completeness in the catalogue to the 140 meter level.

Third, to get things rolling, we suggest that NASA release an an-
nouncement of opportunity, or an AO, to allow system implemen-
ters to recommend a specific approach to satisfy the goal stated in
recommendation two, which we are sure is technically possible.
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Thank you and I would be happy to respond to questions.
[The prepared statement of Dr. Stokes follows:]

PREPARED STATEMENT OF DR. GRANT H. STOKES, CHAIRMAN, NEAR-EARTH OBJECT
SCIENCE DEFINITION TEAM, MIT LINCOLN LABORATORY

Thank you, Mr. Chairman, for the opportunity to present to the subcommittee in-
formation on the subject of Near Earth Objects. In recent years, there has been an
increasing appreciation for the hazards posed by near-Earth objects (NEOs), those
asteroids and periodic comets (both active and inactive) whose motions can bring
them into the Earth’s neighborhood. In August of 2002, NASA chartered a Science
Definition Team to study the feasibility of extending the search for near-Earth ob-
jects to smaller limiting diameters. The formation of the team was motivated by the
good progress being made toward achieving the so-called Spaceguard goal of discov-
ering 90 percent of all near-Earth objects (NEOs) with diameters greater than 1 km
by the end of 2008. This raised the question of what, if anything should be done
with respect to the much more numerous smaller, but still potentially dangerous,
objects. The team was tasked with providing recommendations to NASA as well as
the answers to the following 7 specific questions:

1. What are the smallest objects for which the search should be optimized?
. Should comets be included in any way in the survey?

. What is technically possible?

. How would the expanded search be done?

What would it cost?

. How long would the search take?

. Is there a transition size above which one catalogs all the objects, and below
which the design is simply to provide warning?
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Team Membership

The Science Definition Team, which I lead, was composed of experts in the fields
of asteroid and comet search, including the Principal Investigators of two major as-
teroid search efforts, experts in orbital dynamics, NEO population estimation,
ground-based and space-based astronomical optical systems and the manager of the
NASA NEO Program Office. In addition, the Department of Defense (DOD) commu-
nity provided members to explore potential synergy with military technology or ap-
plications. The Team members are listed in the following table along with their in-
stitutions.

Dr. Grant H. Stokes (Chair) MIT Lincoln Laboratory

Dr. Donald K. Yeomans (Vice-Chair) Jet Propulsion Laboratory/Caltech

Dr. William F. Bottke, Jr. Southwest Research Institute

Dr. Steven R. Chesley Jet Propulsion Laboratory/Caltech
Jenifer B. Evans MIT Lincoln Laboratory

Dr. Robert E. Gold Johns Hopkins University, Applied Physics Laboratory
Dr. Alan W. Harris Space Science Institute

Dr. David Jewitt University of Hawaii

Col. T.S. Kelso USAF/AFSPC

Dr. Robert S. McMillan Spacewatch, University of Arizona

Dr. Timothy B. Spahr Smithsonian Astrophysical Observatory
Dr./Brig. Gen. S. Peter Worden USAF/SMC

Ex Officio Members

Dr. Thomas H. Morgan NASA Headquarters

Lt. Col. Lindley N. Johnson (USAF, ret.) NASA Headquarters

Team Support

Don E. Avery NASA Langley Research Center
Sherry L. Pervan SAIC

Michael S. Copeland SAIC

Dr. Monica M. Doyle SAIC

Analysis Process

The Team approached the task using a cost/benefit methodology whereby the fol-
lowing analysis processes were completed:

Population estimation—An estimate of the population of near-Earth objects
(NEOs), including their sizes, albedos and orbit distributions, was generated using
the best methods in the current literature. We estimate a population of about 1100
near-Earth objects larger than 1 km, leading to an impact frequency of about one
in half a million years. To the lower limit of an object’s atmospheric penetration (be-
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tween 50 and 100 m diameter), we estimate about half a million NEOs, with an im-
pact frequency of about one in a thousand years.

Collision hazard—The damage and casualties resulting from a collision with
members of the hazardous population were estimated, including direct damage from
land impact, as well as the amplification of damage caused by tsunami and global
effects. The capture cross-section of the Earth was then used to estimate a collision
rate and thus a yearly average hazard from NEO collisions as a function of their
diameter. We find that damage from smaller land impacts below the threshold for
global climatic effects is peaked at sizes on the scale of the Tunguska air blast event
of 1908 (50-100 m diameter). For the local damage due to ocean impacts (and the
associated tsunami), the damage reaches a maximum for impacts from objects at
about 200 m in diameter; smaller ones do not reach the surface at cosmic speed and
energy.

Search technology—Broad ranges of technology and search systems were evalu-
ated to determine their effectiveness when used to search large areas of the sky for
hazardous objects. These systems include ground-based and space-based optical and
infrared systems across the currently credible range of optics and detector sizes. Tel-
escope apertures of 1, 2, 4, and 8 meters were considered for ground-based search
systems along with space-based telescopes of 0.5, 1, and 2 meter apertures. Various
geographic placements of ground-based systems were studied, as were space-based
telescopes in low-Earth orbit (LEO) and in solar obits at the Lagrange point beyond
Earth and at a point that trailed the planet Venus.

Search simulation—A detailed simulation was conducted for each candidate
search system, and for combinations of search systems working together, to deter-
mine the effectiveness of the various approaches in cataloging members of the haz-
ardous object population. The simulations were accomplished by using a NEO sur-
vey simulator derived from a heritage within the DOD, which takes into account
a broad range of “real-world” effects that affect the productivity of search systems,
such as weather, sky brightness, zodiacal background, etc.

Search system cost—The cost of building and operating the search systems de-
scribed herein was estimated by a cost team from SAIC. The cost team employed
existing and accepted NASA models to develop the costs for space-based systems.
They developed the ground-based system cost estimates by analogy with existing
systems.

Cost / benefit analysis—The cost of constructing and operating potential survey
systems was compared with the benefit of reducing the risk of an unanticipated ob-
ject collision by generating a catalog of potentially hazardous objects (PHOs). PHOs,
a subset of the near-Earth objects, closely approach Earth’s orbit to within 0.05 AU
(7.5 million kilometers). PHO collisions capable of causing damage occur infre-
quently, but the threat is large enough that, when averaged over time, the antici-
pated yearly average of impact-produced damage is significant. Thus, while devel-
oping a catalog of all the potentially hazardous objects does not actually eliminate
the hazard of impact, it does provide a clear risk reduction benefit by providing
awareness of potential short-and long-term threats. The nominal yearly average re-
maining, or residual, risk in 2008 associated with PHO impact is estimated by the
Team to be approximately 300 casualties worldwide, plus the attendant property
damage and destruction. About 17 percent of the risk is attributed to regional dam-
age from smaller land impacts, 53 percent to water impacts and the ensuing
tsunamis, and 30 percent to the risk of global climatic disruption caused by large
impacts, i.e., the risk that is expected to remain after the completion of the current
Spaceguard effort in 2008. For land impacts and all impacts causing global effects,
the consequences are in terms of casualties, whereas for sub-kilometer PHOs caus-
ing tsunamis, the “casualties” are a proxy for property damage. According to the
cost/benefit assessment done for this report, the benefits associated with eliminating
these risks justify substantial investment in PHO search systems.

PHO Search Goals and Feasibility

The Team evaluated the capability and performance of a large number of ground-
based and space-based sensor systems in the context of the cost/benefit analysis.
Based on this analysis, the Team recommends that the next generation search sys-
tem be constructed to eliminate 90 percent of the risk posed by collisions with sub-
kilometer diameter PHOs. Such a system would also eliminate essentially all of the
global risk remaining after the Spaceguard efforts are complete in 2008. The imple-
mentation of this recommendation will result in a substantial reduction in risk to
a total of less than 30 casualties per year plus attendant property damage and de-
struction. A number of search system approaches identified by the Team could be
employed to reach this recommended goal, all of which have highly favorable cost/
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benefit characteristics. The final choice of sensors will depend on factors such as the
time allotted to accomplish the search and the available investment.

Answers to Questions Stated in Team Charter

What are the smallest objects for which the search should be optimized? The Team
recommends that the search system be constructed to produce a catalog that is 90
percent complete for potentially hazardous objects (PHOs) larger than 140 meters.

Should comets be included in any way in the survey? The Team’s analysis indi-
cates that the frequency with which long-period comets (of any size) closely ap-
proach the Earth is roughly one-hundredth the frequency with which asteroids
closely approach the Earth and that the fraction of the total risk represented by
comets is approximately 1 percent. The relatively small risk fraction, combined with
the difficulty of generating a catalog of comets, leads the Team to the conclusion
that, at least for the next generation of NEO surveys, the limited resources avail-
able for near-Earth object searches would be better spent on finding and cataloging
Earth-threatening near-Earth asteroids and short-period comets. A NEO search sys-
tem would naturally provide an advance warning of at least months for most threat-
ening long-period comets.

What is technically possible? Current technology offers asteroid detection and cat-
aloging capabilities several orders of magnitude better than the presently operating
systems. NEO search performance is generally not driven by technology, but rather
resources. This report outlines a variety of search system examples, spanning a fac-
tor of about 100 in search discovery rate, all of which are possible using current
technology. Some of these systems, when operated over a period of 7-20 years,
would generate a catalog that is 90 percent complete for NEOs larger than 140 me-
ters.

How would the expanded search be done? From a cost/benefit point-of-view, there
are a number of attractive options for executing an expanded search that would
vastly reduce the risk posed by potentially hazardous object impacts. The Team
identified a series of specific ground-based, space-based and mixed ground-and
space-based systems that could accomplish the next generation search. The choice
of specific systems will depend on the time allowed for the search and the resources
available.

What would it cost? For a search period no longer than 20 years, the Team identi-
fied several systems that would eliminate, at varying rates, 90 percent of the risk
for sub-kilometer NEOs, with costs ranging between $236 million and $397 million.
All of these systems have risk reduction benefits which greatly exceed the costs of
system acquisition and operation.

How long would the search take? A period of 7-20 years is sufficient to generate
a catalog 90 percent complete to 140-meter diameter, which will eliminate 90 per-
cent of the risk for sub-kilometer NEOs. The specific interval depends on the choice
of search technology and the investment allocated, as shown in the figure below.

The cost of various space-based and ground-based search systems are plotted
against the number of search years required to reduce by 90 percent the sub-global
risk from impacts by sub-kilometer sized objects.
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Cost to Reduce Risk by 90%
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The cost of various space-based and ground-based search systems are plotted against the num-
ber of search years required to reduce by 90 percent the sub-global risk from impacts by sub-
kilometer objects.

Is there a transition size above which one catalogs all the objects, and below which
the design is simply to provide warning? The Team concluded that, given sufficient
time and resources, a search system could be constructed to completely catalog haz-
ardous objects with sizes down to the limit where air blasts would be expected
(about 50 meters in diameter). Below this limit, there is relatively little direct dam-
age caused by the object. Over the 7-20 year interval (starting in 2008) during
which the next generation search would be undertaken, the Team suggests that cat-
aloging is the preferred approach down to approximately the 140-meter diameter
level and that the search systems would naturally provide an impact warning of 60—
90 percent for objects as small as those capable of producing significant air blasts.

Science Definition Team Recommendations

The Team makes three specific recommendations to NASA as a result of the anal-
ysis effort:

Recommendation 1—Future goals related to searching for potential Earth-impact-
ing objects should be stated explicitly in terms of the statistical risk eliminated (or
characterized) and should be firmly based on cost/benefit analyses.

This recommendation recognizes that searching for potential Earth impacting ob-
jects is of interest primarily to eliminate the statistical risk associated with the haz-
ard of impacts. The “average” rate of destruction due to impacts is large enough to
be of great concern; however, the event rate is low. Thus, a search to determine if
there are potentially hazardous objects (PHOs) likely to impact the Earth within the
next few hundred years is prudent. Such a search should be executed in a way that
eliminates the maximum amount of statistical risk per dollar of investment.

Recommendation 2—Develop and operate a NEO search program with the goal of
discovering and cataloging the potentially hazardous population sufficiently well to
eliminate 90 percent of the risk due to sub-kilometer objects.

The above goal is sufficient to reduce the average casualty rate from about 300
per year to less than 30 per year. Any such search would find essentially all of the
larger objects remaining undiscovered after 2008, thus eliminating the global risk
from these larger objects. Over a period of 7-20 years, there are a number of system
afgproaches that are capable of meeting this search metric with quite good cost/ben-
efit ratios.

Recommendation 3—Release a NASA Announcement of Opportunity (AO) to allow
system implementers to recommend a specific approach to satisfy the goal stated in
Recommendation 2.
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Based upon our analysis, the Team is convinced that there are a number of cred-
ible, current technology/system approaches that can satisfy the goal stated in Rec-
ommendation 2. The various approaches will have different characteristics with re-
spect to the expense and time required to meet the goal. The Team relied on engi-
neering judgment and system simulations to assess the expected capabilities of the
various systems and approaches considered. While the Team considers the analysis
results to be well grounded by current operational experience, and thus, a reason-
able estimate of expected performance, the Team did not conduct analysis at the de-
tailed system design level for any of the systems considered. The next natural step
in the process of considering a follow-on to the current Spaceguard program would
be to issue a NASA Announcement of Opportunity (AO) as a vehicle for collecting
search system estimates of cost, schedule and the most effective approaches for sat-
isfying the recommended goal. The AO should be specific with respect to NASA’s
position on the trade between cost and time to completion of the goal.

The complete Science Definition Team Report may be accessed online at: http://
neo.jpl.nasa.gov / neo [ neoreport030825.pdf

I thank you for the opportunity to appear and would be happy to respond to any
questions.

Senator BROWNBACK. Thank you very much. Dr. Griffin.

STATEMENT OF MICHAEL D. GRIFFIN, HEAD OF THE SPACE
DEPARTMENT, APPLIED PHYSICS LAB, JOHNS HOPKINS
UNIVERSITY

Dr. GRIFFIN. Thank you, Senator Brownback. I am here this
afternoon, representing the Johns Hopkins Applied Physics Labora-
tory, which is so far the only laboratory which has carried out the
mission of visiting a Near Earth Object with a robotic spacecraft.

Thank you for providing me with this opportunity to comment on
the greatest natural threat to the long-term survivability of man-
kind, which is an asteroid impact with the Earth.

Throughout its history, Earth has been continuously bombarded
by objects ranging in size from dust particles to asteroids or comets
greater than 10 kilometers in diameter. You've heard that although
the probability of the Earth being hit by a large object in this cen-
tury is low, the effects of such an impact are so catastrophic that
it is essential to prepare a defense against such an occurrence.

The first step in that defense is a system to identify and cata-
logue all potential impacters above the threshold of significant
damage, approximately 100 meters in diameter. Later, the remain-
der of a comprehensive Earth protection system could be assembled
so that it would be ready to deflect a potential impacter shortly
after it is identified.

NEOs also represent a tremendous opportunity in the context of
the President’s exploration initiative. They are potential suppliers
of resources for future manned space exploration, but in order to
use these resources a much more detailed knowledge of their com-
position and physical characteristics will be required before the
technologies to produce fuels or construction materials from Near
Earth Objects can be developed.

In 1998, NASA embraced the goal, as you've heard, of finding
and cataloguing within 10 years 90 percent of all the Near Earth
Objects with diameters greater than 1 kilometer. It is estimated
that on the order of a thousand such objects exist. Population
counts show, however, that there could likely be 150,000 Near
Earth Objects larger than 100 meters, the threshold of significant
damage on Earth.
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For reference, the Tunguska Event in Siberia in 1908 destroyed
an area 50 kilometers in diameter and is believed to have been
caused by an impacter on the order of 50 meters in diameter.

Again, you have already heard that the average—at the average
speed of these objects, the energy released by the impact of 100
meter Near Earth Object is about equivalent to that of a 50 meg-
aton bomb.

The frequency of impacts over the last century can be estimated
by noting the Tunguska Event in 1908, the Sikhote-Alin Event in
Siberia about 270 miles northeast of Vladivostok in February 1947,
and the several recently identified objects that have had very near
misses with the Earth.

All this evidence confirms that impacts with the ability to wipe
out a large metropolitan area can be expected within the next 100
years. It is also worth noting that within living—or at least recent
memory, there is a 12 mile wide crater under the sea floor near the
island of New Zealand, the impact of which lives on in Maori leg-
ends in the area. The impact is estimated to have occurred in the
170108. These are not terribly infrequent events on human time
scales.

It is estimated that a 30 year advance warning would be re-
quired to have a reasonable assurance of deflecting a Near Earth
Object from a collision with the Earth. If a future impacter were
identified today, the time to explore the characteristics of the ob-
ject, to develop a deflection system, deliver it to the NEO, and
apply the deflection early enough to prevent an impact requires
about a three decade lead time from the initial discovery.

An overall Earth protection system must have three components.
A search system is needed to identify any potential impacters, a se-
ries of detailed investigation missions are needed to understand the
structure, composition, rotational state, and other physical prop-
erties of the impacter. And finally, deflection technologies are need-
ed t(})1 change the speed of the object so that it will not impact
Earth.

At the current rate of discovery, the group of observatories that
are finding and cataloguing Near Earth Objects will come close to
achieving their goal of identifying 90 percent of the greater than
1 kilometer diameter objects by 2008. More than 50 percent of the
population has already been discovered.

The very large number of undiscovered, small to modest sized ob-
jects, the greater than 100 meters that I spoke of, represents the
greateat remaining threat to regional safety not currently being ad-

ressed.

A NASA Near Earth Object Science Definition Team recently ex-
amined the requirements for extending this search to smaller di-
ameters and showed that a system to accomplish the discovery and
cataloguing of 90 percent of these objects within 10 years could be
accomplished with a single discovery class spacecraft in a helio-
centric orbit, about seven-tenths of an AU out from the sun, or
about at the orbit of Venus, relative to the sun. This modestly
priced system could be constructed and launched in 4 to 5 years.

My time is running out, and so I will conclude that in summary,
the threat to life on Earth from Near Earth Objects is real, even
though the likelihood of a severe impact during the next few years
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is low. The space exploitation opportunities of these objects are
equally real. The most important thing needed at this time is an
improved search system for smaller objects. Recent studies have
shown that a search spacecraft can catalogue 90 percent of the re-
maining objects within 10 years and can be launched within the
next 4 or 5 years.

Thank you very much, and I'm ready to take any questions you
may have.

[The prepared statement of Dr. Griffin follows:]

PREPARED STATEMENT OF MICHAEL D. GRIFFIN, HEAD OF THE SPACE DEPARTMENT,
APPLIED PHYSICS LAB, JOHNS HOPKINS UNIVERSITY

Mister Chairman and members of the subcommittee, thank you for giving me this
opportunity to comment on the greatest natural threat to the long-term survivability
of mankind, an asteroid impact with the Earth. Throughout its history, the Earth
has continuously been bombarded by objects ranging in size from dust particles to
comets or asteroids greater than 10 km in diameter. Although the probability of the
Earth being hit by a large object in this century is low, the effects of an impact are
so catastrophic that it is essential to prepare a defense against such an occurrence.
The first step in that defense is a system to identify and catalog all potential impac-
tors above the threshold of significant damage, approximately 100 meters in diame-
ter. Later, the remainder of a comprehensive Earth-protection system could be as-
sembled so that it would be ready to deflect a potential impactor shortly after it is
identified.

In 1998, NASA embraced the goal of finding and cataloging, within 10 years, 90
percent of all near-Earth objects (NEOs) with diameters greater than 1 km. Impacts
by objects of this size and larger could result in worldwide damage, and the possible
elimination of the human race. The current system is not sufficient to catalog the
population of smaller NEOs. While there are thought to be nearly a thousand ob-
jects with diameters greater than 1 km, there are a great many smaller NEOs that
could devastate a region or local area. The exact NEO size distribution is not
known; however a good current estimate is that there are more than 5 times as
many objects with diameters greater than 1/2 km than there are with diameters
greater than 1 km. This multiplication of numbers for smaller diameters continues
for all sizes at least down to those just large enough to make it through the atmos-
phere. Thus, if there are about 700 NEOs of 1 km or greater, there are more than
150,000 NEOs with diameters greater than 100 m. The Tunguska event in Siberia
in 1908 destroyed an area 50 km in diameter and is believed to have been caused
by an impactor less than 50 m in diameter.

The average speed of objects colliding with Earth is about 20 km/s (about 45,000
miles per hour). At these speeds the energy of impact is 44 times the explosive
power of the same mass of TNT. Thus, the energy released by the impact of a 100
m object is about equivalent to a 50 megaton bomb. The impacts at Tunguska in
1908, Sikhote-Alin (about 270 miles northeast of Vladivostok) in February 1947, and
the recently identified objects that have had near misses with Earth, all show us
that impacts with the ability to wipe a large metropolitan area can be expected dur-
ing the next 100 years.

A great deal has been learned about the nature of the threat in the last decade.
It is vital to understand the characteristics of NEOs to know how to defend against
a potential impactor. An improved theoretical understanding of the population of
NEOs has clarified their evolution through interactions with the planets of our solar
system. It has helped us understand their numbers and their distribution in the dif-
ferent classes of orbits. On the practical side, the progress of several space missions
has greatly improved our understanding of the physical and chemical characteristics
of these objects. A great deal still needs to be done since only a handful of these
objects have been observed from sufficiently close distances to see their surface
structure, and only one asteroid has been orbited. The Near Earth Asteroid Ren-
dezvous (NEAR) mission orbited and landed on 433-Eros and was able to get the
first estimates of the internal structure and composition of a NEO. However, there
is still a great deal more that will have to be known about an object if it becomes
necessary to deflect it from a collision course with Earth.

Opportunities

In addition to the threat that NEOs represent, they are also potential suppliers
of resources for future manned space exploration. In order to use these resources,
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a much more detailed knowledge of their composition and physical characteristics
will be required before the technologies to produce fuels or construction materials
from NEOs can be developed.

Current and Future Technologies for Earth Protection

It is estimated that a 30-year advance warning would be required to have a rea-
sonable assurance of deflecting a NEO from a collision with Earth. Thus, if a future
impactor were identified today, the time to explore the characteristics of the NEO,
develop a deflection system, deliver it to the NEO, and apply the deflection early
enough to prevent an impact, requires about a 3-decade lead time.

The deflection technologies available today, which are chemical rockets and nu-
clear weapons, both have limited abilities to slow down or speed up an asteroid. A
100 m object has a mass of the order of 1 million tons, and a 1 km object has a
mass of the order of 1 billion tons. To prevent an object from colliding with Earth,
it must be sped up or slowed down by about 7 cm/s (about %6 of an mile per hour)
divided by the number of years in advance that the change is applied. The fuel that
can be contained in a medium-sized scientific spacecraft could successfully deflect
a 100 m body if it were pushed about 15 years in advance. The Space Shuttle’s main
engines and the fuel contained in the large external tank could successfully deflect
a 1 km diameter object if it were applied about 20 years in advance. Nuclear weap-
ons carry much greater impulse for their mass. However, they deliver that impulse
so quickly that they are more likely to break up the body than to deflect it. Because
NEOs are in their own orbits around the Sun, the pieces of a disrupted object will
tend to come together one half of an orbital period later. Therefore, the successful
use of nuclear weapons for deflection will require the development of techniques for
slowing the delivery of the impulse to the NEO and will probably also require many
small weapons to be used to deflect a single NEO.

The orbital mechanics required to approach a potential impactor also require it
to be identified early. It may take 5 years or more for any deflector mission to ren-
dezvous with a NEO in an arbitrary Earth-crossing orbit.

What Remains to be Done

An overall Earth protection system must have three components. First, a search
system is needed to identify any potential NEO impactors. Second, a series of de-
tailed investigation missions are needed to understand the structure, composition,
rotational state, and other physical properties of potential impactors. And finally,
deflection technologies are needed to change the speed of a NEO to ensure that it
will not impact Earth.

Search systems

The United States and other countries around the world have concentrated on the
first part of the Earth-protection system. At the current rate of discovery, the group
of observatories that are finding and cataloging NEOs will come close to achieving
their goal of identifying 90 percent of the greater than 1-km diameter NEO popu-
lation by 2008. More than 50 percent of the expected population has already been
discovered and discoveries continue to be made each month. While this effort will
retire most of the risk of a global catastrophe, the size distribution of NEOs shows
us that there are a great many more small objects than larger ones. Their numbers
increase by a factor of about 220 for a diameter that is reduced by a factor of 10.
This very large number of small-to-modest sized objects represents the greatest re-
maining threat to regional safety that is not being addressed. The equipment used
by current NEO surveys is sized to find the largest objects. Some sub-kilometer ob-
jects are found serendipitously; however, these telescope systems are not optimized
to find the smaller objects.

A NASA NEO Science Definition Team recently examined the requirements for
extending the NEO search to smaller diameters and showed that a system to accom-
plish the discovery and cataloging of 90 percent of all NEO greater than 100 m di-
ameter within 10 years could be accomplished with a single Discovery-class space-
craft in a heliocentric orbit at about 0.7 AU. This modestly priced system (the Dis-
covery class is about $300 million full mission cost) could be constructed and put
on-station in four to five years.

Detailed Examination of NEOs

Several space missions that are contributing to the detailed investigations of
NEOs and comets have been launched and others are currently in development. As
stated above, the NEAR mission provided the first detailed information on the mass,
shape, structure, and composition of an asteroid. However, we know from ground-
based spectroscopic data that there is a great deal of variability among these ob-
jects.
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The Giotto and Deep Space 1 missions took close images of comets Halley and
Borelli. The Stardust mission will be returning with dust particles from comet Wild
2 in January of 2006. The Deep Impact mission will create a crater in comet Tempel
1 to learn about the internal composition of comets. And the DAWN mission will
examine the composition of asteroids 1 Ceres and 4 Vesta, two of the largest planet-
oids in the solar system. These missions are making steady progress in our under-
standing of the formation of the solar system and the characteristics of the small
bodies within it. Continuation of this series of investigations is vital to our future
ability to deal with the threat and opportunities of NEOs.

Deflection Technologies

While there has been a great deal of theoretical examination of deflection tech-
niques, no practical systems exist at this time. As the search systems and detailed
examination missions progress, it is important to continue the development of de-
flection system technologies so that a full Earth-protection system could be deployed
rapidly if a future impactor is discovered by the search systems.

Summary

The threat to life on Earth from NEOs is real even though the likelihood of a se-
vere impact during the next few years is low. The most important thing that is
needed in order to deal with this risk is an improved search system. Recent studies
have shown that a search spacecraft that can catalog 90 percent of the remaining
NEOs larger than 100 m in diameter over 10 years of operation can be launched
within 4 or 5 years at the cost of a NASA Discovery-class mission. In addition, the
pace of mission developments for detailed examination of small solar system bodies
should continue undiminished. This is clearly summarized by the cartoon below,
originally published in New Yorker magazine in 1998.

“All I'm saying is pow is the time to develop the technology to deflect an asteroid”
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Senator BROWNBACK. Dr. Griffin, just a couple real quick. That’s
the best way it’s felt within the scientific community to do this, is
to put a space-based observatory of sorts in an orbit out and
around, to be able to categorize

Dr. GrIFFIN. I wouldn’t—that is one way. I wouldn’t want to go
so far as to say that the scientific community would regard it as
the best way. The task can equally well be accomplished with a se-
ries or a set of ground-based telescopes spread as widely as possible
on the Earth.

And indeed, I believe NASA is open to both possibilities through
the announcement of opportunity to which the previous witness al-
luded. So either ground-based—either several ground-based observ-
atories or a single space-based observatory could probably accom-
plish the same job.

Senator BROWNBACK. And what about the exploration oppor-
tunity and the research opportunity. What do you see as the big-
gest things we can learn from NEOs?

Dr. GRIFFIN. Well, I am an engineer by profession, and not a sci-
entist. So my primary interest in Near Earth Objects would be for
the exploration, exploitation, and development of a spacefaring in-
frastructure.

Many Near Earth Objects will be found to be of the class of so-
called carbonaceous chondrites from which volatile material, to in-
clude water, can likely be extracted. A small fraction of them, 1 or
2 percent, a few percent, will have heavy useful metals. Others will
be merely rock and stone.

But all of those together can provide construction materials, pos-
sibly fuel supplies. And those materials do not have to be lifted out
of the gravity well of this planet or any other.

This is a pursuit which should occupy us in the coming decades
of space exploration. It will not be the first thing that we do, but
it should be allowed to be the last thing we think of.

Senator BROWNBACK. Mr. Schweickart. Good to have you here.
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Mr. SCHWEICKART. Thank you, sir. With your permission, I'd like
to defer to Mr. Lu first, sir. Sequences would be better that way.
The CHAIRMAN. That’ll be just fine. Dr. Lu.

STATEMENT OF DR. EDWARD LU, NASA ASTRONAUT AND
PRESIDENT, B612 FOUNDATION

Dr. Lu. Thank you for the opportunity to discuss a bold new pro-
posal to demonstrate—actually demonstrate altering the orbit of an
asteroid. I wanted to talk today about sort of a different aspect
than what you've been hearing about which is searching for aster-
oids and that’s the necessary first step. But once you find asteroids,
particularly if you find one on a collision course, the question is,
“What do you do? Or what can we do?”

I represent the B612 Foundation and we’re a group of astrono-
mers, engineers and astronauts concerned about the issue of aster-
oid impacts. Recent developments have now given us the potential
to defend the Earth against these natural disasters and I'll talk
about that.

To develop this capability, we have proposed a spacecraft mission
to significantly alter the orbit of an asteroid in a controlled manner
by 2015 and we think it’s important that there be an actual dem-
onstration and I'll talk about why that is later.

First off. Why would you want to move an asteroid? I think we’ve
been hearing a little bit about that and I want to put some of these
odds that you’ve been hearing about in a different way; their equiv-
alent numbers. You've been asking about what are the odds of get-
ting hit by an asteroid? Well, rather than saying once per thousand
years or so—another way to say that is that during your lifetime,
during my lifetime, everyone in this room, there’s a 10 percent
chance that there will be a 60 meter asteroid that impacts the
Earth with an energy of a 10 megatons and that’s about 700 simul-
taneous Hiroshima sized bombs going off. It’s 10 percent.

It’s kind of like a bad lottery but—in that most days are—
nothing’s going to happen, but occasionally you get a bad day and
there’s a one in 50,000 chance that your death, my death, everyone
in this room along with most of humanity and human civilization
is going to end all on the same day with the impact with a greater
than kilometer sized asteroid; one to 50,000 is pretty small, but
that would be the end of it.

We think that we now have the potential to change these odds
and what we propose is again actually trying a demonstration mis-
sion to deflect an asteroid because there’s a lot of unknown sur-
rounding this. You've been hearing about that but the surest way
to actually attack any of these unknowns is to try something.

The first time that you attempt to deflect an asteroid shouldn’t
be on the real day because there’s going to be many surprises in
store. The first few missions may not work at all. You want to
learn those ahead of time before you actually have to use such a
system.

So why do we suggest by 2015? Well, again, the time to test,
learn and experiment is now because we have just recently devel-
oped or are developing new advances in space nuclear power and
high efficiency propulsion that we think makes it possible. 2015 is
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challenging, but we think doable and having a clear goal, a clear
date will, we think, serve to focus the development efforts.

So how big of an asteroid are we proposing to move? The dem-
onstration asteroid that you try this test mission on ought to be
large enough to represent a real risk and also what you test should
be applicable to larger size asteroids because you want to start out
fairly small, but you want what you learn to be useful through
larger asteroids.

So we’re suggesting an asteroid of about 200 meters and a 200
meter asteroid if it impacts, would be about a 600 megaton explo-
sion and as we heard that if that lands in an ocean that will likely
destroy most coastal cities in that ocean. So that’s large enough to
be a threat.

Asteroids of about 150 meters across or larger are thought to be
not single pieces, but rather conglomerations or loosely held to-
gether groups called, “rubble piles,” and so if you pick something
that’s a rubble pile, what you learn will be applicable to larger size
asteroids. So again, we're picking something that’s of moderate
risk—of major risk but is doable we think. Large enough to be do-
able.

So what do we mean by significantly alter it? It turns out that
you don’t really need to give an asteroid very much of a push to
prevent a collision. If you have several decades of warning which
we expect if these proposed searches are carried out, then all you
really need to do is if you have several decades of notice is to give
an asteroid a small impulse. Maybe about a centimeter a second.
That’s about 1/50th of a mile an hour.

Even though the typical asteroid moves around the sun at about
70,000 miles per hour, making it 70,000.002 is enough to prevent
a collision if you’ve got a decade or so of warning, but even though
that’s a small change in velocity, that’s still pretty hard because
even a 200 meter asteroid weights about 10 million tons.

So why do you need to move it in a controlled manner? Well, if
you don’t make it a highly controlled thing, you risk making the
problem worse. You've seen Armageddon, or movies like that where
they talk about blowing up an asteroid with a nuclear weapon.
Well, you stand as much of a chance of making your problem worse
as making it better and you split the asteroid up and what you've
done then is turned this rifle bullet heading at you into a shotgun
blast and now your life has just gotten worse.

Furthermore, you won’t really quite know where you’re going to
end up pushing the asteroid and that’s not a good situation if
you're trying to avert a catastrophe. So we are suggesting doing
this in a controlled slow manner which also has the advantage that
you can use the same technology for commercial reasons—commer-
cial and exploration reasons which has also been brought up. So
how can you do this?

Well, first off, conventional rockets like we use today, like I've
launched on the Space Shuttle and Rusty’s flown on the Saturn
Five, those use chemical propellants. Well, chemical propellants ba-
sically don’t have the umph to move objects of this size. So what
we are proposing to use is a nuclear powered spacecraft using high
energy propulsion such as an ion or plasma engine. Those are cur-
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rently in development at NASA today as part of the Prometheus
Project.

In fact, the thrust and power requirements that we've discussed
for moving a 200 meter asteroid are about the same as the Jupiter
Icing Moons Orbiter and that’s a spacecraft that’s currently
planned for launch in around 2012. So we’re suggesting that you
could use similar hardware to do this demonstration mission.

So this spacecraft would fly to an asteroid rendezvous and land
on and attach to this small asteroid and push on it and by continu-
ously thrusting for some period of months you could slowly, slowly,
slowly alter the velocity by a fraction of a centimeter per second
and we could measure that from the Earth so we could verify that
it’s worked and then we say, well, what can we learn from this?

Well, remember that this is not really a planetary protection sys-
tem, but it’s a first attempt to learn more about the mechanics of
asteroid deflection because like I said, a lot of technical complica-
tions and unknowns about asteroids themselves, their structure,
what they’re made of, but the way to make progress I think is to
build, fly and test.

You need to go there to find out the questions that you don’t
even know yet. And besides the benefit of actually being able to
demonstrate that you can do this there’s a lot of interesting sci-
entific questions you can answer at the same time. Again, the best
way to learn about asteroids is to go there.

So how does this fit into NASA’s New Exploration Initiative?

Well, in the near term, we think this mission would be an ideal
way to flight test the nuclear propulsion systems already under de-
velopment as part of “Project Prometheus.” It could also serve as
a precursor to a crewed mission, meaning with people on board to
go visit an asteroid.

These missions have been proposed as an intermediate step to
test your spacecraft systems for eventual longer term missions to
Mars. I would personally love to go on one of those missions.

In the longer term, the ability to land on and manipulate aster-
oids is an enabling technology for extending human and robotic
presence throughout the solar system.

If we’re to truly open up the solar system, this mission we feel
is a good way to start. It’s likely that someday we’re going to use
asteroids for fuel, building materials or simply space habitats, min-
ing, people are going to earn money off this. And the B612 Mission
would mark a fundamental change in spacecraft in that it would
actually alter in a measurable way an astronomical object rather
than simply observing it.

We can become active participants in the cosmos versus just
being interested observers. Human beings need to eventually take
charge of our own destiny in this manner or we will some day go
the way of the dinosaurs when the next great asteroid impact oc-
curs. Thank you.

[The prepared statement of Dr. Lu follows:]

PREPARED STATEMENT OF DR. EDWARD LU, NASA ASTRONAUT AND PRESIDENT,
B612 FOUNDATION

Thank you for the opportunity today to discuss a bold new proposal to dem-
onstrate altering the orbit of an asteroid. I represent the B612 foundation, a group
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of astronomers, engineers, and astronauts, concerned about the issue of asteroid im-
pacts. Recent developments have now given us the potential to defend the Earth
against these natural disasters. To develop this capability we have proposed a
spacecraft mission to significantly alter the orbit of an asteroid in a controlled man-
ner by 2015.

Why move an asteroid? There is a 10 percent chance that during our lifetimes
there will be a 60 meter asteroid that impacts Earth with energy 10 megatons
(roughly equivalent to 700 simultaneous Hiroshima sized bombs). There is even a
very remote one in 50,000 chance that you and I and everyone we know, along with
most of humanity and human civilization, will perish together with the impact of
a much larger kilometer or more sized asteroid. We now have the potential to
change these odds.

There are many unknowns surrounding how to go about deflecting an asteroid,
but the surest way to learn about both asteroids themselves as well as the mechan-
ics of moving them is to actually try a demonstration mission. The first attempt to
deflect an asteroid should not be when it counts for real, because there are no doubt
many surprises in store as we learn how to manipulate asteroids.

Why by 2015? The time to test, learn, and experiment is now. A number of recent
developments in space nuclear power and high efficiency propulsion have made this
goal feasible. The goal of 2015 is challenging, but doable, and will serve to focus
the development efforts.

How big of an asteroid are we proposing to move? The demonstration asteroid
should be large enough to represent a real risk, and the technology used should be
scaleable in the future to larger asteroids. We are suggesting picking an asteroid
of about 200 meters. A 200 meter asteroid is capable of penetrating the atmosphere
and striking the ground with an energy of 600 megatons. Should it land in the
ocean (as is likely), it will create an enormous tsunami that could destroy coastal
cities. Asteroids of about 150 meters and larger are thought to be comprised of loose
conglomerations of pieces, or rubble piles, while smaller asteroids are often single
large rocks. The techniques we test on a 200 meter asteroid should therefore also
be applicable to larger asteroids.

What does “significantly alter the orbit” mean? If proposed asteroid searches are
enacted, we expect to have decades or more of warning before an impact. Given this
amount of warning, to prevent an impact only requires that the orbital velocity of
an asteroid be altered by a small amount, less than of order 1 cm/sec, or about .02
MPH. This is a tiny velocity increment, considering that the orbital speeds of aster-
oids are of order 70,000 MPH. However, this is still a very difficult task since the
mass of a 200 meter asteroid is of order 10 million tons.

Why does the asteroid need to be moved in a “controlled manner”? If the asteroid
is not deflected in a controlled manner, we risk simply making the problem worse.
Nuclear explosives for example risk breaking up the asteroid into pieces, thus turn-
ing a speeding bullet into a shotgun blast of smaller but still possibly deadly frag-
ments. Explosions also have the drawback that we cannot accurately predict the re-
sultant velocity of the asteroid—not a good situation when trying to avert a catas-
trophe. Conversely, moving an asteroid in a controlled fashion also opens up the
possibility of using the same technology to manipulate other asteroids for the pur-
poses of resource utilization.

How can this be accomplished? This mission is well beyond the capability of con-
ventional chemically powered spacecraft. We are proposing a nuclear powered space-
craft using high efficiency propulsion (ion or plasma engines). Such propulsion pack-
ages are currently already under development at NASA as part of the Prometheus
Project. In fact, the power and thrust requirements are very similar to the Jupiter
Icy Moons Orbiter spacecraft, currently planned for launch around 2012. The B612
spacecraft would fly to, rendezvous with, and attach to a suitably chosen target as-
teroid (there are many candidate asteroids which are known to be nowhere near a
collision course with Earth). By continuously thrusting, the spacecraft would slowly
alter the velocity of the asteroid by a fraction of a cm/sec—enough to be clearly
measurable from Earth.

What will we learn from this? It is important to remember that this mission is
merely a first attempt to learn more about the mechanics of asteroid deflection.
There are a number of technical complications, as well as many unknowns about
the structure and composition of asteroids. However, the way to make progress is
to build, fly, and test. Much of what we will learn is generic to many proposed aster-
oid deflection schemes, with the added benefit of being able to answer important sci-
entific questions about asteroids themselves. The best way to learn about asteroids
is to go there.

How does this fit into the new Exploration Initiative at NASA? In the near term,
this mission would be an ideal way to flight test the nuclear propulsion systems
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under development as part of the Prometheus Project. It could also serve as a pre-
cursor to a crewed mission to visit an asteroid. Such missions have been proposed
as intermediate steps to test spacecraft systems for eventual longer term crewed
missions to Mars.

In the longer term, the ability to land on and manipulate asteroids is an enabling
technology for extending human and robotic presence throughout the solar system.
If we are to truly open up the solar system, this mission is a good way to start.
It is likely that someday we will utilize asteroids for fuel, building materials, or sim-
ply as space habitats. The B612 mission would mark a fundamental change in
spacecraft in that it would actually alter in a measurable way an astronomical ob-
ject, rather than simply observing it. Human beings must eventually take charge
of their own destiny in this manner, or we will someday go the way of the dinosaurs
when the next great asteroid impact occurs.

Senator BROWNBACK. Thank you, Dr. Lu. Mr. Schweickart. I
guess both of you having traveled to space that’s—thank you for
being here.

STATEMENT OF DR. RUSSELL L. SCHWEICKART, CHAIRMAN
OF THE BOARD, B612 FOUNDATION

Dr. SCHWEICKART. Thank you for holding hearings, sir. I'll deal
a bit more with some of the policy issues implied in what’s been
said today in previous testimony. I think it is extremely important
and reflected to a certain extent by the questions you’ve been ask-
ing yourself for people to get a picture of what it is that we’re talk-
ing about. And so in addition to repeating, you know, that Near
Earth Asteroids in the hundreds of thousands pose an occasional
but substantial threat to life. Let me give you a couple of specific
examples.

As Ed said a moment ago, we're all talking about the same ele-
phant and giving you a different snapshot of it. It’s all basically the
same statistical data, but we’re trying to give a realistic picture. So
let me try it this way.

Last night something on the order of hundreds of thousands to
a million bits and pieces of asteroids and comets hit the Earth. The
people that looked up and saw them called them, “shooting stars.”
That’s what you and I would call them if we happened to be look-
ing up on a clear night as well. They don’t do any damage as you
know because the atmosphere protects us.

But getting a little bit bigger and of course a little fewer of them,
a little less frequent with the impacts. If we took a Near Earth As-
teroid the size of this room, one of those is going to hit us about
once every 2 to 3 years and that would in fact also not do much
damage but that would in fact result in something on the order of
a 10 to 15 kiloton, about a Hiroshima size explosion in the upper
atmosphere. That is something the size of this room every 2 to 3
years.

Now, getting a bit bigger and where it starts getting dangerous,
step outside and picture something the size of the U.S. Capitol
Building. Now, have that come flying at the Earth at about 20
times the speed of a rifle bullet, if you will. That’s going to happen
on the order of every few hundred years to a thousand years, and
in that case, we're going to have an explosion the size of the largest
nuclear weapon in the U.S. arsenal, something on the order of 10
to 15 megatons of energy.

That again compares with the Tunguska Event of 1908 that we
heard about earlier or a little bit larger if something like that hap-
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pened over—if the U.S. Capitol flew at the U.S. Capitol it would
destroy the Washington Metropolitan area totally. It wouldn’t hit
the surface. It would actually explode something 10 to 20,000 feet
above the Capitol, but it would decimate everything underneath it
for the whole metropolitan area.

Now, that particular size that I just related is the smallest thing
that we have all been talking about detecting ahead of time. That
is something down in the vicinity of 100 meters in diameter, so
that gives you an idea. That’s the smallest thing that we’re all up
here proposing that the Congress direct that NASA, NSF, whoever
take under their wing to get early warning and intelligence on this
threat to public safety.

Protection of the public—so I'll go on from those examples. Pro-
tection of the public from this hazard, and as I say there’s some-
thing around 200,000 of these things to be discovered yet that cir-
cle around the sun right now. And the protection from this hazard
depends entirely on increasing the capability of our current aster-
oid detection and tracking program.

This is a known hazard for which public safety is critically de-
pendent on timely information gathering, as is the case in all intel-
ligence about threats to public safety.

The hazards posed by Near Earth Asteroids will become widely
know by the general public as the detection and tracking programs
shift their focus to the far more numerous, but very dangerous
smaller NEOs of—and when I say “smaller NEOs,” I'm talking
about the size of the U.S. Capitol Building.

Close calls with NEOs in the future will trigger a growing public
concern and commensurate expectation that the government is
doing something about this. The government is doing something to
protect them. At the moment, that is not the case at all. The gov-
ernment is doing nothing to actually protect people from any NEOs
which are coming our way to hit us. We are detecting them, but
we’re not yet providing actual or active protection.

Unlike other natural disasters, this hazard that we’re talking
about here is both predictable and preventable, using technologies
that are being developed by NASA today in its Prometheus Pro-
gram.

What is missing today is the goal to explore these Near Earth
Asteroids to gather the critical understanding necessary to ulti-
mately protect the public from this threat.

Near Earth Asteroids—well, let me just say happily Near Earth
Asteroids are not only a threat. Near Earth Asteroids are also a
rich exploratory—exploration target, excuse me, for both scientific
and economic benefit. Asteroids are easily accessible gold mines of
information about the origins of the solar system.

They also, and perhaps more importantly, contain a wealth of re-
sources for utilization in space which are far more accessible than
resources on the moon. In fact, as in the case with the moon, the
Near Earth Asteroids can serve as stepping stones to Mars.

It is not and probably should not be NASA’s job to protect the
Earth from asteroid impacts, but it is NASA’s job to develop space
technologies and capability to serve humanity. Since Near Earth
Asteroids represent both an opportunity for and a threat to human-
ity and NASA is currently seeking mission opportunities for its
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Prometheus Program, it is entirely appropriate that a portion of its
efforts be directed to this end.

Therefore, B612 Foundation of which both Ed and I are rep-
resenting here, call today on the Congress to task NASA first with
increasing the capability of the current Space Guard Survey con-
sistent with the recommendations of the recent NASA NEO Science
Definition Team Report which you’ve heard reported on. In other
wogiis, we need, absolutely need better intelligence to protect the
public.

Second, we call on Congress to direct NASA to incorporate the
B612 Mission Goal to demonstrate the capability to land on, ex-
plore and deflect an asteroid as part of it Prometheus Program.

And third, we call on Congress to request that OSTP initiate a
high level study to develop a U.S. Government Policy for both na-
tional and international response to deflection of Near Earth Aster-
oids. This is not, as youre well aware, a domestic problem only.
This is a global problem and we need to be coordinating around
this planet with means to protect life in the future.

I'd like to emphasize in closing something that Ed alluded to and
that is for the first time in the history of humanity, we have devel-
oped the technology which will enable us, provided we focus on it,
to protect the future of life on this planet. Up until this time, we've
been lucky in this shooting gallery. The dinosaurs were not lucky.
We now have a chance. What we’ve got to do is focus on it and take
responsibility for the future of life on this planet and today we
have that possibility. Thank you very much, sir, and we’d be happy
to answer any questions.

[The prepared statement of Dr. Schweickart follows:]

PREPARED STATEMENT OF RUSSELL L. SCHWEICKART, CHAIRMAN, B612 FOUNDATION

Chairman Brownback, Senator Breaux, members of the Committee:

Introduction

First I'd like to thank you for the invitation to speak with you today about this
emerging public policy issue of near Earth objects (NEOs) threatening life on Earth.
One might have thought, just a few years ago, that the subject of asteroids was one
for space wonks and wanna-be astronauts and astronomers. But today the realiza-
tion is rapidly dawning on the media and the general public that asteroids are a
subject of more than passing interest! More and more people are coming to know
that some few of these asteroids do not silently pass the Earth, but indeed crash
in, largely unannounced. On the rare occasions when this happens they can wreak
havoc of a magnitude unprecedented in human history. At the upper limit impacts
by large asteroids have caused global destruction leading to the virtually instanta-
neous extinction of life for most of the species living at the time. The dinosaurs were
momentary witnesses to a billion megaton event of this kind 65 million years ago.
At the lower limit of concern, but occurring much more frequently, we are dealing
with events with an explosive force of 10-15 megatons. It is worth pointing out,
however, that these small, most frequent events are more powerful than the blast
from the most powerful nuclear weapon in the current U.S. nuclear arsenal.

Given the extremely low frequency of these natural events in combination with
the extremely grave consequences when they occur, we find ourselves challenged to
properly place this subject in our normal list of priorities. Inattention to infrequent
events, regardless of their impact, is the “default” solution of choice given the crowd
of issues continually burning around our feet.

Therefore the Committee is to be congratulated for its foresight and exemplary
public service in realizing the importance of dealing with this issue now.

History

Perhaps the best logic path to bring the Committee to appreciate our rec-
ommendations for action is to briefly outline the key realities the founders of the
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B612 Foundation faced when we first came together back in October 2001. We are
primarily a group of technical experts familiar with or working within the fields of
space exploration and planetary science. We are astronauts, astronomers, engineers
and a few others who are knowledgeable about the subject of comets and asteroids
and their history of impacts with the Earth and other solar system bodies. We came
together out of a deep concern that the threat to life implied in our knowledge of
near Earth asteroids (NEAs) was not resulting in any organized effort to take action
to protect the public from this hazard. We came together to explore whether or not
something could be done, and if so, whether we could trigger a program to protect
the public.
In summary, we faced the following facts:

(1) Asteroid impacts with Earth have, do, and will continue to occur with dev-
astating consequences to life.

(2) Our detection program (the Spaceguard Survey) has produced a good statis-
tical characterization of the overall threat and actual knowledge that at least
60 percent of the asteroids larger than 1 kilometer in diameter will not strike
the Earth in the next 100 years.

(3) Many impacts by asteroids less than 1 km in diameter, however, which occur
hundreds of times more frequently than those over 1 kilometer, will cause un-
acceptable devastation at both local and regional levels.

(4) The increasing capability of our detection programs in the next several years
will result in a dramatic increase in the discovery rate of these smaller but
very dangerous asteroids.

(5) The media and the general public will become ever more aware of this threat
and concerned that something should be done about it.

(6) A known threat that can potentially destroy millions of lives AND can be pre-
dicted to occur ahead of time, AND prevented, cannot responsibly go
unaddressed.

This inexorable logic led us to decide to take action and examine whether preven-
tive measures could be taken to mitigate this threat, and if so, what specific course
of action we would recommend.

The Challenge

It became immediately clear to us that the combination of advanced propulsion
technologies and small space qualified nuclear reactors, both operating in prototype
form already, would be powerful enough, with reasonable future development, to de-
flect most threatening asteroids away from a collision with the Earth, given a dec-
ade or more of advance warning.

Nevertheless we saw two immediate problems.

First we lack the specific knowledge of the characteristics of NEAs necessary to
design anything approaching a reliable operational system. We could readily show
that the technology would exist within a few years to get to and land on an asteroid.
We also determined that after arriving at the asteroid we would have enough pro-
pulsive energy available to successfully deflect the asteroid from an Earth impact
a decade or so later. What was missing however was knowledge about the structure
and characteristics of asteroids detailed enough to enable successful and secure at-
tachment to it.

Second we recognized that before we would be able to gather such detailed infor-
mation about NEAs there would likely be many public announcements about near
misses and possible future impacts with asteroids which would alarm the general
public and generate a growing demand for action. We felt strongly that there needed
to be some legitimate answer to the inevitable question which will be put to public
officials and decision makers, “and what are you doing about this?”

These two considerations led us to the conclusion that the most responsible course
of action would be to mount a demonstration mission to a NEA (one of our choosing)
which would accomplish two essential tasks: (1) gather critical information on the
nature of asteroid structure and surface characteristics, and (2) while there, push
on the asteroid enough to slightly change its orbit thereby clearly demonstrating to
the public that humanity now has the technology to protect the Earth from this haz-
ard in the future.

We furthermore determined that this demonstration mission could be done with
currently emerging capabilities within 10-12 years.

We therefore adopted the goal of “altering the orbit of an asteroid, in a controlled
manner, by 2015”.

Reflecting the work that we have done to bring this goal to realization, a number
of us wrote a descriptive article for Scientific American magazine entitled, “The As-
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teroid Tugboat.” Scientific American published it in the November 2003 issue of the
magazine. I have provided reprints of this article to the Committee and I would like
to submit a copy with this testimony and ask that it be incorporated in the record.

Implementation

A key to implementing this mission is NASA’s Prometheus Program. Shortly after
B612 Foundation began work on outlining a mission to explore and deflect an aster-
oid NASA announced the formation of its Prometheus Program to develop and dem-
onstrate technologies to permit routine human and robotic activity in space “beyond
low Earth orbit”.

The key technologies which NASA recognized would enable this capability are
identical with what we had determined were necessary to demonstrate the capa-
bility to land on and deflect a near Earth asteroid, i.e., high performance electric
propulsion systems and the space nuclear electric power systems to power them.
Shortly after announcing the Prometheus Program NASA announced the Jupiter Icy
Moons Orbiter (JIMO) mission complete with schematic representations of the
spacecraft. Integral to the design of this mission were the very high performance
engines and space nuclear power system which would be necessary to enable our
B612 mission. We therefore adopted, as an explicit element of our design, the JIMO/
Prometheus capabilities, recognizing that this was the most likely path to meeting
the demonstration goal that we had set.

Mounting a mission to assure the public that when we discover an asteroid “with
our name on it” we can deflect it from a life threatening impact on Earth does not
require the development of additional new technologies. The key capabilities re-
quired are already “in the pipeline” of the existing Prometheus Program. No new
NASA money is required, nor is a change in NASA’s mission called for. What is re-
quired is that the B612 mission be incorporated within the Prometheus Program

. . a matter of policy.

Indeed, if one examines the technical requirements associated with the B612 mis-
sion, one sees not only a mission ideally suited to demonstrating the Prometheus
technology, but a mission notably less demanding than the currently planned JIMO
mission. One could then quite easily consider the B612 mission as either a follow-
on or a precursor to the JIMO mission, depending on NASA’s technical judgment
as to where it fits most logically in their mission model.

The B612 mission also fits well into the President’s Space Exploration Initiative.
This mission both utilizes and graphically demonstrates the key enabling tech-
nologies for routine future operations “beyond low Earth orbit”. It is an ideal way
to demonstrate the technology and the greatly enhanced propulsive capability im-
plicit in the Prometheus exploration program. In executing such a mission human-
kind will, for the first time in its history, have altered the trajectory of a cosmic
body, a demonstration of evolving capability in space technology and exploration if
there ever was one!

Additional Perspective

A few final comments are perhaps appropriate.

Near Earth asteroids are a reality which is here to stay. In fact they will become
far more prominent in the public mind as time goes on and our detection of them
continues to improve. It is therefore appropriate that we take a more circumspect
look at these sometimes unruly, but ever-present, neighbors. Near Earth asteroids
are, in fact, both a threat and an opportunity.

Certainly we need to learn more about our capability to protect life here on Earth,
and the sooner the better.

Visiting asteroids can also teach us a great deal about the origins of the solar sys-
tem, and perhaps even the origins of life. Unlike the material of the Earth, which
has been melted and processed through extensive geologic activity, the materials of
small asteroids have not been so extensively reprocessed. They are fossil building
blocks left over from the formation of the planets and as such can teach us a great
deal about the original material from which the planets formed.

Perhaps even more important, asteroids, and especially the near Earth asteroids,
are also the most readily accessible and rich reservoir of non-terrestrial resources
available to us. The new space initiative has emphasized our determination to re-
turn to the Moon and then extend our capability outward to Mars and beyond. One
of the purposes advocated for returning to the Moon is to explore and potentially
develop the capability to utilize the resources there for human benefit. The possi-
bility of extracting oxygen, water and perhaps other materials from lunar soils has
long been advocated as a potential capability for reducing the cost of future space
operations.
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Yet these same resources, and others in rich abundance, characterize the makeup
of asteroids. Unlike lunar materials, which are largely depleted of heavy minerals,
the asteroids are quite rich in metallic elements, as well as those minerals which
may provide water and oxygen. Furthermore it is significantly less expensive to fly
to and from selected near Earth asteroids than to and from the Moon due to the
virtual absence of gravitational forces associated with these bodies.

When commercial, entrepreneurial activity emerges into deep space it will un-
doubtedly include the development and exploitation of in-situ resources and serv-
ices. Given the critical importance of benefit/cost analysis in any commercial venture
it would be surprising if utilization of asteroidal resources, especially water, is not
one of the first deep space initiatives attracting private capital.

Given then the infrequency of actually having to deflect an asteroid in order to
avoid an Earth impact it is unlikely that humanity will ever need to develop a
stand-alone planetary defense system. However, given the commercial, as well as
the scientific value implicit in near Earth asteroids it is highly likely that operations
to and from the asteroids will become a routine part of human space operations.
One can readily imagine a time when visiting, using and even moving near Earth
asteroids becomes a routine human capability. Simply calling on the “Ace Asteroid
Mining and Moving Company” to nudge asteroid 2018 FA322 gently out of the way
may then be all that is required to prevent an otherwise devastating event.

While the above scenario is somewhat fanciful, it is, given time, only slightly so.
In the meanwhile, in the immediate future, we will be discovering an increasing
number of potentially life threatening NEAs and the public will become justifiably
concerned. Without a legitimate answer to this concern for their safety this concern
could morph into alarm.

While many lives are lost every year in natural disasters of one kind or another,
there are few natural disasters that can reliably be predicted, much less prevented.
Throughout human experience we have been faced with comforting and compen-
sating the devastated after the disaster is over. With near Earth asteroid impacts,
however, we are confronted with a massive natural disaster that can be both pre-
dicted AND prevented, and the public will come to understand that this is the case.

Given the justifiable public expectation of being protected from both natural and
manmade disasters it is incumbent on us to address this known threat responsibly.
We therefore make the following specific recommendations:

(1) We call on the Congress to task NASA with increasing the capability of the
current Spaceguard Survey consistent with the recommendations of the recent
NASA Near-Earth Object Science Definition Team report.!

(2) We call on Congress to direct NASA to incorporate the B612 mission goal of
demonstrating the capability of landing on, exploring, and deflecting an aster-
oid as part of its Prometheus Program.

(3) We call on Congress to request that OSTP initiate a high level study to de-
velop a U.S. Government policy for both national and international response
to the deflection of near Earth asteroids.

1Study to Determine the Feasibility of Extending the Search for Near-Earth Objects to Small-
er Limiting Diameters, Report of the Near-Earth Object Science Definition Team, August 22,
2003.
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ATTACHMENT

To prevent

an asteroid from
hitting Earth,

a space tug
equipped with
plasma engines
could give it a push

The

steroid
ugpoat

ssell L. Schweickart, Edward T. Lu,
Piet Hutand Clark R. Chapman

On an average Ilighl’, more than 100 million pieces
of interplanetary debris enter Earth’s atmosphere. Luckily,
most of these bits of asteroids and comets are no bigger than
small pebbles; the total weight of the 100 million-objects is
only a few tons. And our planet’s atmosphere is thick
enough to vaporize the vast majority of these intruders.
So the debris usually streaks harmlessly overhead, leaving

the bright trails popularly known as shooting ¢
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When bigger objects slam into the at-
masphere, however, they explode rather
than vaparize. In January 2000, for ex-
ample, a rock about two to three meters
wide exploded over Canada's Yukon
Territory with a force equivalent to four
or five kilotons of TNT. This kind of
cvent OCCUPS ONCE 3 Year, On average.
Less frequently, larger rocks produce
even more powerful explns-cms In Junz
1908 a huge firehall was scen
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an o

ar more of TNT. If a large asteroid crash-
es into the ocean, which happens in
about 70 percent of impacts, it could ere-
ate a tsunami that might kill millions of
people by inundating coastal cities. Fvents
of this kind happen once every 40,000
years or so. And an asteroid with a di-
ameter bigger than one kilometer would
strike Earth with the energy equivalent
of 100,000 f TNT, far greater

over the Tunguska region of Siberia, |l
was followed by an enormous blast that
flattened more than 2,000 square kilo-
meters of forese, The consensus among,
scientists today is thar a rocky asteroid

than the combined energy of all the nu-
clear weapons in existence. Impacts of
this size and larger have the potential 1o
wipe out human civilization, and there is
a chance of perhaps one in 5,000 that

a brief, powerful shove,
the tug would deliver gentle pressure.

about 60 meters in diameter exploded
some six kilometers above the ground
with a force of abour 10 megatons of
d an area

such a strike will occur in this century,
Can humanity prevent these catas-
teophes? Over the past decade scientists

TNT. The blast wave d
7 ly the size of
New York City.

Earth

and engt have proposed a variety of
schemes to deflect an asteroid thar is

heading toward Earth [see box on p\cxe

Recent observations of
objects—asteroids and comets whose
paths could intersect Earth’s orbit—sug-
gest thar the chance of a similar event
happening in this century is abour 10 per-
cent. Asteroids 100 meters across and
larger pose an even more ominous threar
because they will penetrate decper inta
the atmosphere or hit the surface, Such
an impact, which has a 2 percent chance
of oceurring before 2100, would cause

58]. Several hers have ad:

detonating a nuclear weapon on or near
the asteroid to either break it up or
change its course, but the effects of a nu-
clear blast are difficult to predict, and
that uncertainty has led many experts to
wview this option as a last resort at best.
Recently interest has focused on more
controlled options for shifting an aster-
oid’s trajectory. For the past two years
we have been studying the concept of an

/Nudging an Asteroid

= Near-Earth asterclds pose a threat to humanity. A direct Hl hy a lﬂll-mﬂlr\-wldn

d space tug that would ren-
dezvous with an incoming asteroid, at-
tach to its surface and slowly push the
body so that it misses Earth. (Because of
the umgue characteristics of comets, we
do not address them in this proposal.
MNew studies indicate that comets consti-
tute only about 1 percent of the overall
impact threat to Earth.) To push the as-
teroid, the space g would use nuclear-
powered engines that expel jets of plas-
ma, a high-temperature mix of ions and
elecrrons. We believe that a mission to

demonstrate the asteroid-tug concept
could be accomplished by 2015,

Why develop such a spacecraft now,
before astronomers have identified any
asteroids on a collision course with Earth?
Because the system should be rested be-
fore it is urgently needed, By attempting
to deflect an asteroid that is not on, or
even close 1o, a collision trajectory, re-
searchers will acquire the experience nec-
essary to build a reliable defense. Poten-
tally hazardous asteroids have not yet
been studied in any detail; because we do
not know much abour their interior
makeup, surface characteristics or struc-
rural integrity, we cannot know what will
happen when a space tug nudges ane, The
best way to learn about these crucial as-
pects is to land a spacecralt on an aster-
oid and then try 1o move it. As a bonus,
the mission would add to our under-
standing of asteroids, pioneer the way to

ies It fith Earth [

2015, NASA is already

= Amission to demonstrate the uumld-tugm:aptculd be nncnmplimd by

could be used by thes qnnnug.
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asterald would destroy a large city, and a bj wipe
out our civilization. asumndmmmg and dernonstrate critical
« Previous proposals for g Earth-baund ch logies for future exploration of the
. kinetic-impact sch i But a space tug equipped salar system.
with pl d h th lmmmiﬂ What is more, NASA is already work-

ing on the key technologies needed for the

asteroid mug. As part of the Prometheus

Project, the space agency s trying to de-

sign nuclear reactors that could power
Ision systems for interpl
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A SPACE TU
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ORBIT OF
ASTERDID

ORBIT
OF EARTH —

) After about 12
years of raveling
expanded arbit
[green line in box b
the astercid ks 6,721
kilometers behind where it
uld have been if it hod
ot been deflected

ORIGIRAL
ORBIT

MEW ORBIT

spacecraft. NASA plans to integrate these
systems into the Jupiter Iy Moaons Or-
biter { [IMO), a spacecraft that is expect-
ed to visit the Jovian moons of Gamymede,
Callisto and Europa in the next decade.
The same technologies could be applicd o
the greatest public safety project in histo-

rv: warding off the doomsday rock that

will sooner or later threaten humaniry.

The B612 Mission

THE PROBLEM OF DEFLEGTING an

asteraid resalves into 4 timing isue, First,

mers must detect the asteroid at

astre
least a decade hefore imp,

t to provide
time for the actions to take effect. Fortu-

nately, with continued improvement in

ongoing asteroid-detection programs,
this is a reasonable expectation. To pre-
vent the rock from hirting Earth, the
most efficient plan is to cither speed up

the bady by pushing it in the direction of

www.sclam.cam
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AVERTING A COLLISION

tug begins 1
that the asteroid ha

-

IMPACT POINT

3\'1?.!1{:; an undeflectod astoroid |

arrow inA] would have struck Earth, 1

deflected astorold [ green arrow] ra

by a distance greater than Earth's y
d ches the impac

s orbital motion or slow it down

direction. Char

prushing i the oppo:
alters its orbital

ing the asteroid's velocicy
period—the time it takes to go around
the sun. Because Earth moves along its
orhit at an average speed of 2.8 kilome-
ters per second and its diameter is i
Rilom

rs, our planet takes 215 seconds
to move half its diamerer. 1f an asteroid
were headed for a bull's-eye collisic
with Earth, the challenge would be to
the asteroid’s orbital p

cha i 5o

rives at the rendezvous site at
conds before or after Earth
the body 1o whiz safely by

that it a

feast 215

does, allowi

our planet [see ilusiration aboee],

Applying a soft bur prolonged push
on the asteroid abour 10 years before it i
expected to hit Earth, the rug would need
o boost the asteroid’s velocity by only
about one centimeter per second. This
e would slightly expand the aster-

ch
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e projected imp

£0
its orbit

J— asTEROID
— SPACETUG

oid"s arbit and lengthen the time it takes
to travel around the sun. For example,
fior an asteroid with an orbital period of
IWO years, a one-centimeter-per-second
velocity change would i

Crease its period

by 45 seconds and create a delay of 2
seconds over 10 years—enough for the
asteroid ro miss Earth by a small margin,
vely, the space rug could slow
e asteroid, shrinking its orbit and
reducing the period by 45 seconds; after

10 years, the asteroid would arrive acth

rendezvous site 225 seconds before Earth

does. OF course, if the space tug reaches
the asteroid when it is closer 1o stri

Earth, it would need to give the body

rscores the

gger push, This fact und
importance of early and accurate detec-
tion of all near-Earth asteroids [see box
an page 60].

To de

technologies involved, we have proposed

onstrate this concept and the
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the development of a space tug that could
deflect a 200-meter-wide asterod, which
would cause regional devastarion if it hit
Earth, We have dubbed this rest project
the B612 mission (B&12 & the name of
the asterond in The Lirtle Prince, the well-
known children’s book by Antoine de St.
Exupéry). & rocky 200-meter asteroid
has a mass of about 10 billion kilograms,
Rather than giving the asteroid a brief,
powertul shove—which mighe sharrer the
body instead of altering its conrse—rthe
B612 rug would deliver gentle pressure,
The force would be only about 2.5 new-
tons, approximarely equivalent o the
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force required o hold up 2 glass of milk,
Bur if this light nudge were applied for
just over three months, it would be
enough to change the asteroid's velocity
T 0.2 centimieter per second. Should we
I faced with an actual threat by a 200-
meter asteroid, nur small demonstration
mission would either have to be scaled up
Iy a factor of five or more to prevent the
body from smashing inta Earth, or clse
we would have to act at least 30 years be-
fore unpact.

Because the force must be provided
continuously foe an exrended period, the
space rug's engines would require a sig-

nificant amount of fucl. An additional
large supply of propellant would be
needed 10 get the tg to rendeevous with
the asteroid. The average velocity change
1o ger from our planet to a typical near-
Earth asteroid is about 15 kikometers per
seconid—one third more than the veloc-
1y change required tm escape Earth’s prav-
ity. The standard chemical racker en-
gines, which mix fuel with oxidizer in a
combustion chamber, would be hard-
pressed o propel a substantial spacecraft
{and all the fuel needed to push the as-
teroid) to these speeds. Such a vehicle
would require so much propellant ro per-

Asteroid Roundup

THE VARIDUS PLAKS for deflecting an Earth-bound asteraid fall into 1wo categaries: those that rely on brief but intense applications of force

‘and those that involve gently pushing or pulling the body over a long time. The most concepts described bels
MULLEAR EXPLDSIOKS L h - The inthe right directi i ch he velocity of the asterold
obvinus ohe is g the ") ing i enough to avoid a collision wll‘h aur planer. The advantage of the
The less i Ilw:lnrdwlu mass driver is that it ejects materials from the asteroid itself,

off to one side ufthn asteroid, which wauld intensely heat the
surface facing the mlulm- The vapmuuun of lmfno rocks an
hat side of the it in the opposite
direction, The advantage of these options is ﬂlal the technology
already exists and could be rapidiy
deployed. Thearevically, a powerful

obviating the need to cam‘ prapeltant from Earth. Throwing rocks,
however, still req gy source. The design af
such @ machine and its robotic installation on the astereid's
surface would be daunting tasks.

Al Issmlhlincwapl:n the standoll nuclear explosion but

nuclear explosion could deflect a hsl an one side of the asteroid would be
large asteroid that is just months. heated hgnpwulul laser figing near the asteraid orhgsunligm
from hitting Earth, a reflected from y large sp irror. Vapaorized surfi |
hegand that of any o d | the he desired direction. The 1
The problem, hawever, aspect of this option is that the astercid's rotation is of no concern,
results IN nnlmwpudlmhle nar But the laser or mirrer must be able ta maintain its position

plosion could y to the side of th long period and therefore
split the astercid into several large il i tial fuel supply. The opti f
pleces, which might the h would also be g
problem rather than solve it material from the astercid.
BINETIE 1V iplannlsonltt PRESSUTE 18 i ism. A

Simply launch the largest spacecraft available and smwsh it lmn

Id coat the asteroid's su!laee with highly reflective paint, whlcn
would change the bysolar

the threatening asteroid at as high a velocity as can be mustered. very gradulllg alter the cnur!e. Butitis
Given the y high relative velocities this queasa i i i
substantial asterold, a major challenge would be guiding the paint required and the \‘lli'ﬁcullg of app]gln; ittothe surface.

hatalli aster
lpinnutg..«.vw. r Il chip. And
as with nuclear explosions, splitting the ulernld is alsa lnom:em

A\ S ORIV is a device bullt on the surface of the asteraid that
would repetitively hurl rocks into space, causing the asteroid to

M IM concept behind the asteroid g, Is very

! q gettothe
asteroid, whis p the other
alternatives, is used 10 deflect the rock as well, The greatest
advantage of nut option is that it is fully controllable. The challenge

daias have “, be

accelerate slowly in the opposite direction, Throwi gh rock
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form the B&12 mission that it could not
be launched by 4 single rocker; dozens of
heavy-lift rockets would be needed to
boast all the components into low Earth
orbit. Then the spacecraft would have to
be assembled in orbit, which would dras-
tically raise the mission's cost and delay
the journey to the asteroid.

Our goal is to design a space rug that
d be Launched on a singhe heavy-lift
rocket, ne § or Ti-
tan 4, Because the tug must have a total

5 a Proton

mass less than about 20 tons, it necds ex

tremely fuel-cfficient engines. The pri-

mary measure of rocket effica
cific impulse, which 15 the thrust generar
ed for cach unit of fuel consumed per
second. The most efficient chemical roc
ets have a specific impulse of up to 425

s when operating in the vacuuwm of
(The units of specific impulse are
seconds. | But the engines of our asteroid
tug must have a specific impulse of
10,000 seconds.

This performance is not feasible for

standard chemical rockers but is com-
fortably within the range of electric en-

gines, which use electrical or magneric

fields to accelerare ions out the exhaust
nozzle of the rocket. In this way, the en-
gines can achieve much higher exhaust
velocities than chemical cockers, which
simply burn fuel and allow the expand-
ing hot gases to escape out the nozzle, lon
engines with a specific impulse of 3,000
seconds have successfully flown in space
A promising new engine known as the
VASIMR (Variable S
Magnetoplasma Rocket) uses radio
waves ta ionize a gas and accelerate the
plasma o even higher exhaust velociries
[see “The VASIMR Rocker,” by Frankhn
R. Chang, Diaz; SCIENTIFIC AMERICAN,
November 2000]. Racher than using a
conventional pozzle, the VASIMR cm-

cific Impulse

ploys magnetic ficlds to direcr the e

panding stream of wons out of the rocker

at specific impulses berween 3,000 and
30,000 seconds,

Of course, there is a price to be paid
for such high performance. Althou
plasma and ion engines are more efficient

than chemical rockers, their thrust
much lower (because the high-tempera-
ture exhaust is so tenuous). Several jon

www.sciam.com

engines
achieve specific impulses approaching the
target of 10,000 seconds, but with the ex:
ception of the VASIMR, most electric en-
gines geperate b
force. Thus, many such engines would
have to be
desired thrust leve
when combined

on the asteroid for
ver its orbit. Long-
ready been demonstrated, however: the
ion engine on the Decp Space 1 space
craft, launched in October 1998, accu
mulated 67

THE AUTHORS
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L of the BE12
lled manner by 2015. The spa
fac

The first o
1the asteroid par 5
¥ 1y in that direction by
centimeter per s

DIRECTION
OF THRUST

b puasus

DIRECTION
OF THRUS!

w under development could  plasma engines would need about 250
kilowatts of electrical power {assuming
an engine efficiency of 50 percent). This
amount of power is considerably be
the capahility of the solar arrays typica
ly used for small spacecraft. Even the
enormous solar arrays of the Interna-
tional Space Station, when completed,
will produce less than half this amount
{and they will weigh more ¢
Clearly, such an array is inl

ss than 0.1 newron of

o reach the
lof 2.5 newtons. Even
& engines must push
ery long time o al-

anged togeth

65 tons)
asible for a
spacecraft that must weigh less than 20
tons in total. The only carrent technolo
gy thar can steadily supply this much
power for several years in a package that
weighs just a few tons is nuclear fission.

ation has al-

ope

days of operating rime.
To provide the required thrus, the

In Dctober 2002 RUSSELL L. SCHWEICKART, EDWARD T. LU, PIET HUT and CLARK R. CHAPMAN

foemed the 3612 . & nongrofit group ping and

Ing the capability ta deflect asteroids from Earth. Schweickart, chair of the foundation’s

board, is a former NASA astronaut who piloted Apollo 9's lunar module in 1969 and served
5 p far tha first Skylab 1973 Ly, ? i

is a current astronaut wha e-mailed hi o this article whil the In:

ternational Space Station. Hutis & professor a1 the Institute for Advanced Study in Prince-
ton, ML), whose main research interests are computational astrophysics and the study of
dense steflar systems. Chapman, a scientist at the Southwest Research Institute in Boul-

der, Colo,is 5ci team far i g My Yy
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The asterond tug needs a simple, small
and safe nuclear reactor. l-'mnu!alch,
NAsA has already d some new.

51

duced power for a significant amounr of
nmc Because the reactor would be

cdied cold—rhat is; inactive—even 4

designs for apa(nﬂh reactors, and one

catastrophic launch accident would pose

has underg: fiminary testing. An
importang ufm— feature in these new de-
signs is thar the nuchear fuel is minimally
radioactive until the reactor has pro-

Tinthe 1l danger. If the entire

wranium core of the SAFE-1000, an ad-

dispersed in a launch explosion, the ra-
diation released nro the environment
would be only six to 11} curies—less than
the total radiation contained in the walls
of New York Cay's Grand Central Sea-
tion. Ground controllers would send the

vanced space reactor beng developed at

o ftoa the reactor only af-

Los Alamos Narional Labaratory, were

Scouring the Sky

Ter it was safely in space,

The Problem of Spin

A MAIOR CHALLENGE for the B612
mission will be maneuvering around the
rarget asteroud, landing on the body and
armaching to its surface. In 2000 the
NEAR Shoemaker spacecraft successful-
Iy maneuvered into orbit around Fros, the
second largest of the known near-Earsh

an H.IRCI! 18, 2002, and TV news sh d d
Earth miss with 4 002 EM?.
mmmers observed the 70- anmrulongmchlwrdws after it passed within 461,000
aurp about 1.2 times Earth and the moon.
" 2002 EM? s

of asteraids that have came cloge to o crossed Earth's orbit. The i ional effart to
detect and track il g objectsis called the Spaceguard Survey.

In 1998 NasA, nlhluﬁngn[tﬁwﬁn P goal g 90p of
the 1,100 0r [MEDs] hmrlhln diameter.

Halfwaij inta the 10-year progs fi this

ids, and even ged an im-
prompru landing on the 34-kilomerer-
long bedy. Japan’s Havabusa spacecraft
(formerly Muses-C)is now on its way 1o
near-Earth asteroid 1998 SF36 using ion

I

size and more than 1,800 smaller bodies. Many of

were ﬁrsumlﬂhuu were Iawlng Enﬂh't uic-ni:q ]Iﬁl a5 2002 Eﬂ?wu. anmmiu,
any id d a fewlunar
distances of pur planet thousands of times before finally illﬁtlng it. Ifresearchers

identify an object headed toward us, destined for an Earth impact, they will probably

spotitdecades or ies before it The sh: '] as
A i the 1998 Deep
Impact, is exceedingly improbable.

Everytime Spaceguard detects a new NEO,
scientists make projections based on s orbit to
-.Mlohl in thy 100 years
or50. The he obije s far
[mare than 99 pemnlldnno: lecm topase a threat,
On P d finds a NEO that is
predicted ing cl ..1- Al 4
Because the procedure for determining future orbits,
like i has ion, ane of
l.'llil oh}em mlp\t Iclunll’g be on a collision course.
fow :lu[ulu

their trajectories.
AR of

nat wreak the planetwide devastation that a one-

kilameter-long rock could, but with an explosive force

of 500 meg rsa it would

ehliverate a city should it make even a nearby hit.

propulsion. Onee there it will lightly
touch the asteroid's surface several times
to pick up samples that will be returned
1o Earth. But the asteroid rug would be
far larger than either of these spacecratt,
and i would bave to attach ieself irmly
o the asterond because the gravitational
arrraction at the surface of such a body
is only a hundred-thousandrh of the grav-
ity on Earth. Rescarchers are considering
several concepts for a mechanism to hold
the tug to the asteroid’s surface, bur the
final design will most likely depend on
the resulrs of upcoming missions that will
study the composinon and structure of
sl asteroids,

To speed up or slow down the aster-
o, the space rug must keep the direction
of theust parallel 1o the body’s orbital
motion, Small asteroids, though, often
spin ar rates of 10 rotations or more a
day. One way to solve this problem
would be 1o stop the rotanon before
pushing the asteroid, The rug would lind
on the asterond's equator (the nng mad-
way between the two poles of the axis of

point its engines horizoatally

At heush S wilbe

required il the 100, but still dange asteralds that

cross Earth’s orbit. Scientists have made a number of proposals to extend the asteroid
h e oibjs of about 200 but yet exists. At best,

such an augs y 7 il 15 10 20 years from now.
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along the equaror and fire them until the
thruse broughr the rotation wo a halt.
This method could be nsky, however,
because most rocky asteroids appear to
be porous, low-density “rubble piles,”
collecnions of many large and small boul-
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ders, interspersed with pebbles and small-
er grains loosely held ogether by the
body's weak gravity. Although this type
of structure could withstand a force of
several newrons distributed over two to
five square meters of its surface, the same
«cannot be said for the internal stresses cre-
ated by slowing down and stopping the
body"s rotation. It seems highly likely that
aleering the finely balanced gr |
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fore precisely deflect the asteroid onto a
trajectory that ensures it will not end up
in a resonance orbit. This requirement
for precision is one of the best arguments
for the asteroid-tug concepe. The tug pro-
vides a carefully controlled maneuver,
whereas most of the other deflection
schemes yield an approximate, uncon-
trolled velocity change at best, thereby
risking a b

and centripetal forces associated with as-
teroid rotation would cause significant
and possibly destructive rearrange-
ments—in other words, asteroid quakes.

For this reason, a berter alternative
might be to allow the asteroid ro contin-
ue rotating but to torque the spin axis
gradually until it is parallel with the

SoENArio.

Protecting Our Planet

THE MISSION we are proposing would
cost about §1 billion—a bit more than
half of 1 percent of NASA's expected
pending the next 10 provid
ed that off-the-shelf power and propul-
sion systems are used and a single existing

deflection system would be rare,
its value would be beyond measure.

body's orbital motion and keep it there,
With the axis properly aligned, the ug
would push the spinning asteroid along
its orbit like a pinwheel. For the B612
demonstration mission, we plan 1o
choose an asteroid spinning at about four
rotations a day (typical of asteroids this
size) and torque its spin axis by five o 10
degrees [see idlestration on page 59]. Us-
ing 2.5 newtons of thrust applied at ei-
ther the asteroid's north or south pole,
the task would require a couple months
of steady torquing. Although this resule
would clearly demonstrate the capability
to maneuver an asteroid, an actual de-
flection would require many months, and
perhaps even years, to properly orient the
asteroid and accelerate it in the desired
direction.

Another important challenge would
be to deflect the asteroid in such a man-
ner that it does not simply return again
several years later on a new collision
path. Bodies passing close to Earth are
often gravitationally deflected into reso-
nance orbits that have periods that are
propoertional to Earth's period; as a re-
sult, the bodies may periodically return

launch vehicle can lift the spacecraft. Is
this project worth the expense? Although
the actual use of an asteroid deflection
system would be in our life-

perhaps even the origins of life. Re-
searchers have already learned a grear
deal by studying meteorites, the pieces of
asteroid debris that survive the fery
plunge through Earth's atmosphere, but
a much greater payoff would come from
visiting the source of these fragments.

In addition, asteroids are believed to
contain large amounts of metals, miner-
als and water ice, Experts on space ex-
ploration claim that wking advantage of
these resources could dramatically re-
duce the cost of future interplanetary
flights [see “Tapping the Waters of
Space,” by John 5. Lewis; ScrENTIFIC

AMERICAN PRESENTS, Spring 1999], The
B&12 mission would vividly show that
spacecraft could access these materials;

ing th ing and docking

times, we hope—its value would be be-
yond measure. An asteroid collision with
Earth would be so potentially devastating
that preventing it would be worth almost
any cost, By practicing an asteroid deflec-
tion, the B612 mission would show
whethes the asteroid-tug concept is feasi-
ble and, if so, how it should be refined in
the cvent of a real impact threat

The scientific benefits of the demon-
stration mission would also be signifi-
cant. Astercids are remnants of the carly
solar system and have much to tell us
about the formation of the planets and

]
techniques developed for the asteroid tug,
other vehicles could land on asteroids and
begin mining operations. And these ef-
forts may eventually pave the way for a
manned mission to a near-Earth asteroid.
Indeed, many experts contend that send-
ing astronawts to an asteroid would be
quicker, less costly and more worthwhile
than a human mission to Mars.

Most important, the B612 demon-
seration would fulfill NASA's stated mis-
sion, “To protect our home planet ... as
only NASA can.” A better match could
hardly be found. -
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Senator BROWNBACK. Mr. Griffin—Dr. Griffin, how many times
has the Earth been struck by a substantial sized asteroid? By this,
I mean something a 100 meters or greater that we know about or
that we have a pretty good idea it took place. You've cited a couple,
but how many times? Do we know?

Dr. GRIFFIN. I would have to defer to someone with greater ex-
pertise on that than myself, but in fact I don’t think the answer
is known. We have catalogued around the globe several dozen,
?arclly dozen known impact events by the scars that they leave be-

ind.

Senator BROWNBACK. Known impact events that had a substan-
tial impact on the Earth in that particular area?

Dr. GRIFFIN. Right. Like the meteor crater in Arizona or larger.
OK. Many dozen of those are known. Some of them ancient. Some
of them relatively new in geologic terms. But the Earth heals itself
quite rapidly. The Earth is not a good witness plate for such
events. I'll look at the moon and it probably offers a better estimate
of what really happens to a celestial body over the course of time.

Senator BROWNBACK. And it’s actually even a smaller target to
hit than the Earth so——

Dr. GrIFFIN. That’s correct. Senator, just by chance I happen to
have been asked to provide a lecture somewhat along those very
lines so I can tell you that the answer is greater than hundreds of
thousands of times the Earth being hit in its history by objects a
hundred meters and greater in size.

Now, we don’t have much evidence of that in the form of scars.
We do see scars from only about 200 impacts that we’re aware of
at this time, but again looking at the moon, you can take each cra-
ter there and multiply by about 20 to 30 and know that that’s hit
the Earth—that we have been hit—the Earth that many times.

Senator BROWNBACK. Is that where you come up with that num-
ber as you look at the moon and then multiply out the number of
craters?

Dr. GrIFFIN. What I would refer you to as the most authoritative
thing, sir, would be in fact the report sitting in front of Grant
Stokes here that he co-chaired in terms of the development. And
there is within that report a graph which give you the best knowl-
edge that we have, statistical knowledge of the frequency of aster-
oids in near Earth space and you can simply utilize that graph at
any size asteroid you want and get the number and the size and
power of any of these asteroids. So I refer you to that excellent re-
port.

Senator BROWNBACK. Dr. Stokes. Do you know the answer to
that question?

Dr. STOKES. What we’ve done to come up with the best estimate
of impact actually looks at a number of things. One looks a lunar
cratering rate to get an estimate.

One can also get an independent estimate looking at the per-
formance of the search systems that have been ongoing which have
been making a lot of progress recently. And in fact, you can take
all the search volume that they’ve done, and all the detections and
all the re-detections, use that to estimate an impact rate. And in
fact, it’s getting to the point where all of those numbers are begin-
ning to come together and be consistent and so we’re very happy
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with the about 1,100 larger than a kilometer size. We believe that’s
a good estimate.

Once you have that estimate and then work some extrapolations
from there which can be tied down at various sizes from the moon
and also the experience of very small events, things hitting LDEF
for instance, micrograins, you can put those all into a continuum
and the story sticks together very well.

On that basis, we can then estimate the rate of impacts as a
function of size, which is where we came up with the numbers that
I previously had quoted.

Senator BROWNBACK. Well, how many times this last century has
the Earth been struck by a substantial asteroid that caused at
least significant localized damage?

Dr. GrIFFIN. I think we know of two specific instances. One in
Siberia in 1908. One again in Russia in 1947, both of which caused
substantial damage on the ground. We know of a number of other
events that range down to an asteroid hitting a car in the Eastern
seaboard a few years ago and

Senator BROWNBACK. That would be a real unlucky day, wouldn’t
it? I mean, you’re just sitting here in your car and——

Dr. GRIFFIN. Actually, it hit a car in a garage and I think it vast-
ly increased the price of that car that day.

Senator BROWNBACK. That’s not so unlucky.

Dr. GRIFFIN. There certainly have been many other events where
things get down to the ground many of which land in the water.
Many of which land in unpopulated areas and are not seen. An-
other way to get data is to look at the military satellites that look
down for events in the atmosphere. They routinely detect, you
know, modest size objects, but kiloton and larger events in the
up%er atmosphere, so there are statistics coming from those as
well.

Senator BROWNBACK. What’s the chance of getting international
cooperation at the operational or funding level to get at least the
catalogue of these objects?

Dr. GRIFFIN. Let’s see. I think to some extent there is a loosely
coordinated international effort ongoing now. Most of the large sur-
veys are operated in the United States based largely on NASA
funding, and I think there’s a view in the—at least Europe and the
rest of the world that if NASA’s doing that maybe we should just
let them do that and contribute where we can.

Another place that work has to be done is in following up objects.
The large surveys where we go out and find a large number of
these objects, initially finding them is only part of the process.

We also need a continuing stream of observations to develop a
good orbit and keep track of them. Many of those are provided by
international sources. Many of them are provided by amateurs that
are very interested in doing this. Many of them Japanese. Eastern
Europe in fact has some very active professionals that do this.

And all of that data is sent to a place called, The Minor Planet
Center in the Harvard Smithsonian in Cambridge, Massachusetts
where all that data comes together and is used to maintain a cata-
logue of all of the objects. So that is chartered by the International
Astronomical Union. It is an international body that gives dis-
covery credit and monitors naming rights and things like that.
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So there is a very international flavor on these after discovery
and that works actually very well.

Dr. SCHWEICKART. Yes, just a minor additional comment. There
is an excellent report that was chartered by the Parliament of the
United Kingdom several years ago and I also recommend that Task
Force Report to you. It made excellent recommendations in terms
of the U.K. jumping in to provide resources for this very vital task.
Unfortunately, there has been no action taken on the excellent rec-
ommendations of that report. As recently as a couple of months ago
in Parliament specific recommendations were considered and the
bottom line is nothing in fact happened.

Another action has been taken by the OECD. OECD has begun
to hold several discussions on the issue of mitigation of asteroid
and comet impacts and what might be done in terms of disaster
preparedness. There was a meeting a year ago, January in
Frascati, Italy, but again, there was no expenditure of funds.

What was done there which I would strongly urge, Senator
Brownback, is that all nations participating in the OECD hearing
were recommended that they identify a particular governmental in-
stitutional person to monitor this issue of asteroid impacts and
their consequences.

Ironically, while NASA is today tasked with conducting certain
surveys, there is no identification within the U.S. Government of
direct responsibility for monitoring this as a public safety issue.
And that would be—that is in fact a recommendation by a number
of organizations and I would encourage that that be looked at by
this committee.

Senator BROWNBACK. I think that’s one of the proposals in the
Rohrabacher bill from the House side.

Dr. GRIFFIN. Yes, it is.

Senator BROWNBACK. That we’re looking at here from this side.
I understand that maybe some of you already have commented on
this and I haven’t picked it up. But the American Institute of Aero-
nautics and Astronautics held a conference on protecting the Earth
recently and were any of the recommendations that you've put for-
ward recommended by that conference or does anybody:

Dr. GRIFFIN. Yes, sir, I can address that. In fact, I talked yester-
day by phone with the General Chairman of the AIAA Conference
on protecting the Earth from asteroid and cometary impacts. There
is a final report from the conference itself and I can, or better yet
ATAA, American Institute of Aeronautics and Astronautics, can
make that conference report available to you.

It has also been compressed and presented or is being presented
to the ATAA per se as a policy document. They will shortly vote on
that and there will be an official AIAA recommendation, but that
has not yet been issued. I can read you one final paragraph to give
you a flavor of the AIAA position. They say: “Future impacts by
comets and asteroids are a certainty. Such impacts could have se-
vere consequences even ending civilization and humanity s exist-
ence. Life on Earth has evolved to the point where we can mount
a defense against these threats. It is time to take deliberate steps
to assure a successful defensive effort should the need arise.”

So the ATAA I believe will take a fairly strong position on this
proposal.
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Mr. RICHARDSON. I would echo that. I'm the President-Elect of
ATAA for the coming year and a member of the Board of Directors
and I have followed this and feel quite certain that the organiza-
tion—dor the directors will vote affirmatively as Rusty has sug-
gested.

Se}?nator BROWNBACK. Is this a high priority for that organiza-
tion?

Mr. RICHARDSON. Yes, it is, again, in support of the overall con-
clusions of the study that has been referenced here several times
and of the President’s exploration initiative because we believe that
it is all tied together.

Senator BROWNBACK. That this should be a key part of the Presi-
dent’s overall exploration initiative?

Mr. RICHARDSON. I believe that’s correct.

Senator BROWNBACK. It seems to me that it ties in with it as well
and that there’s an additional—this huge safety factor and issue
here for the area that might get hit or all of civilization even in
the most catastrophic——

Mr. RICHARDSON. That’s correct. The safety issue is a little dif-
ficult for many people to get their arms around because if you take
other threats for example, you can calculate quite well the odds
that any individual has of being struck by lightning and we know
that, but most individuals will not ever be struck by lightning.

However, we know that in any given year the odds are quite
small that the Earth will be struck by a major asteroid. But we
know that sooner or later that will occur and when it occurs every-
one will die. Unlike most other catastrophic hazards to life and
property which affect only a small subset of the human race, it is
inevitable that an asteroid will strike the Earth and that it will
have the capability to essentially take out the whole plant and
that’s what’s different about this particular hazard.

Dr. GRIFFIN. Senator Brownback, if I could try a slightly dif-
ferent perspective to the question that we’re discussing right now.
If you think about the asteroids as a mixed bag, that is there’s good
news and bad news. The bad news we’ve been focusing on here
today, but there’s good news there in terms of resources as well as
scientific knowledge.

But if I just deal with resources, let me say that the whole Presi-
dent’s new initiative in space to enable routine operations of
human kind beyond low Earth orbit will ultimately depend upon
accessing resources that are already in space and utilizing them.

Asteroids are the ideal source of that because you don’t have to
lift them off the moon number one because it has such low gravity.
They’re right there with no gravity around them and they’re actu-
ally richer than the lunar soils. So in terms of commercial private
enterprise activity in space, I think there’s no question but that
private investment, once there is a buyer of the products and serv-
ices, private investment will find it profitable to mine and
produce—to mine minerals or whatever, oxygen, water, you name
it, and provide services associated with the Near Earth Asteroids.

Now, when that commercial operation gets going, the once every
three or four hundred years that you will need to deflect an aster-
oid because we find one heading our way, will be a simple matter
of contracting with the Ace Mining and Moving Company to push
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that one a bit you know in what they’re doing and get it out of the
way.

So I think that you’re looking at routine operations developing
around asteroids and almost as a natural byproduct of that, the ca-
pability to protect the Earth will emerge. So I think there is a
great deal of correlation between the overall capability that we're
looking for and the long-term development of the space environ-
ment beyond low Earth orbit as in the President’s initiative.

Senator BROWNBACK. Well, gentlemen, thank you very much for
joining me today. We'll keep the record open for the requisite
amount of time if you would care to add to your comments that
were put forward here today.

I did submit a series of questions and I don’t—I think some of
them were to you gentlemen from Mr. Nelson and so those will be
submitted to you. And if you could respond to those, I know Sen-
ator Nelson would certainly appreciate that as well.

Very interesting. Very illuminating and as usual a resource
issue. And resources is always about a competing set of interests
in it and hopefully we can get more resources to this for both the
protection and for the opportunity that they represent.

God speed to you. It’s a very interesting field that each of you
are involved in and quite important for the future of society, future
of humanity.

Thank you for coming. The hearing is adjourned.

[Whereupon, at 4:19 p.m., the hearing was adjourned.]






APPENDIX

PREPARED STATEMENT OF CONGRESSMAN DANA ROHRABACHER (R-CA)

I want to thank Senator Brownback for his leadership in holding today’s hearing
on the threat posed by near Earth objects (NEOs). As Chairman of the Space and
Aeronautics Subcommittee, I've made addressing this threat one of my top prior-
ities. Our hearings have revealed that monitoring and tracking NEOs such as com-
ets and asteroids is not only vitally important to the advancement of the field of
astronomy, but also critical in identifying NEOs that threaten the Earth. Recent
press accounts of asteroids passing close to the Earth have raised public awareness
of the possibility that these objects could one day hit the Earth with potentially cat-
astrophic consequences. Given the vast number of asteroids and comets that inhabit
Earth’s neighborhood, greater efforts for tracking and monitoring these objects are
critical.

This is why I introduced H.R. 912 the “Charles ‘Pete’ Conrad Astronomy Awards
Act,” which passed the House last month, and H.R. 3813 the “George E. Brown, Jr.
Near-Earth Objects Survey Act.” It is vital that we use all available public and pri-
vate sector resources for tracking and monitoring NEOs.

H.R. 912 authorizes the NASA Administrator to give one award each year to the
amateur astronomer or to the group of amateur astronomers that discovered the in-
trinsically brightest near-Earth asteroid among the near-Earth asteroids discovered
during the preceding year by amateur astronomers, and another award to the ama-
teur astronomer or group of amateur astronomers that made the greatest contribu-
tion during the preceding year to the Minor Planet Center’s catalogue of known as-
teroids. The recipients of the awards, in the amount of $3,000, are limited to U.S.
citizens and permanent residents.

This bill is a tribute to Pete Conrad for his tremendous contributions to the aero-
space community over the last four decades. Pete Conrad was a pilot/explorer/entre-
preneur of the highest caliber. He commanded Apollo XII, and during that mission
became the third man to walk on the Moon. I find no better way to honor Pete
Conrad than to establish an annual astronomer’s award for future asteroid discovers
in his name. He always wanted people to be looking up with a positive “can-do”
American spirit—exemplified by his historic description of landing on the Moon.

H.R. 3813 authorizes the NASA Administrator to plan, develop, and implement
a near Earth objects survey program for the purpose of detecting, tracking, cata-
loguing, and characterizing physical characteristics of near-Earth asteroids and
comets 100 meters or greater in diameter. The bill also amends the NASA Act of
1958 by directing the agency to use its resources and the expertise of its workforce
to carry out the NEO survey program—so as to provide warning and mitigation of
the potential hazards of NEOs that threaten impact with the Earth. The bill author-
izes appropriations in the amount of $20 million for Fiscal Years 2005 and 2006 to
enable NASA’s efforts in this area.

In his agency vision statement, NASA Administrator Sean O’Keefe talked about
the planet’s environment. I believe protecting our planet from impacting asteroids
should also be one of NASA’s major concerns. A few years ago, NASA initiated the
“Spaceguard” plan, which is intended to catalog at least 90 percent of them by 2010.
Presently, the Spaceguard program appears to be on track, but its focus is on sur-
veying asteroids large enough to destroy all life on Earth. Surveys of smaller aster-
oids with the potential to destroy cities, countries, and to bring about changes in
global climate should also be vigorously pursued.

Of course, the threat of an asteroid hitting the world is a serious matter. The idea
of a catastrophic asteroid or comet impacting on the Earth has garnered much at-
tention in the media and popular culture. It’s vital for all of us to realize, however,
that this is not science fiction. We all know that the Earth’s moon and many other
planetary bodies in the solar system are covered with impact craters. Most people
have heard of the “dinosaur extinction” theory or perhaps seen pictures of the me-
teor crater in Arizona. However remote the possibility of NEOs striking the Earth
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and causing worldwide calamity in our lifetime, it has happened and it will happen
again unless mankind is able to detect and possibly avert a catastrophe.

While the asteroid that killed the dinosaurs is estimated to occur once every 100
million years, smaller, yet still very hazardous asteroids impact the Earth much
more frequently. For example, the destructive force of the 1908 Tunguska event in
Siberia was roughly equal to a 10-megaton blast of TNT caused by an asteroid esti-
mated to be about 200 feet Greenland involving an asteroid, which had a destructive
force measuring 100 kilotons of TNT.

Ironically, if you look at asteroids from the perspective of our national goals in
space, they also offer us unique opportunities. In terms of pure science, asteroids
are geological time capsules from the era when our solar system was formed. Even
better, they are orbiting mines of metals, minerals, and other resources we can use
to possibly build large structures in space without carrying everything up from the
Earth. So far, NASA has surveyed 600 asteroids, but this is a small fraction of the
projected total. What needs to be done now is to fully survey the NEO population.

In closing, it is my hope that H.R. 3813 will bring greater attention to the NEO
issue by focusing NASA more closely on this critical area of study, because NEOs
have given the topic of planetary defense a serious tone within the scientific commu-
nity. The first step is a thorough tracking of all sizeable NEOs, and H.R. 912 and
H.R. 3813 are modest steps toward this goal. Thank you, Mr. Chairman.
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