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Executive Summary

Over the past 30 months NASA has made
fundamental errorsin itsimplementation of the
Visionfor Space Exploration (V SE), errors which
can befixed today butwill befata if left
unoorrected. In paticular, NASA haslaid outa
strategy for Earth-to-orbit trangportationtha is
aready showing signsof failure to meet its own
stated gods: closngtheggp in U.S. human
speceflight, suppoting full utilization of thelSS,
and enabling affordable and sugainable exploration
beyond Earth orbit.

In developing this strategy, NASA has appaently
ignored key elements of the White House@ Space
Exploration Policy and several critical
recommendaionsof the President’s Commission on
Implementation of U.S. Space Exploration Policy
(QPresident@ Commission(Q. Ingead of planningits
exploration trangportationin away tha maximizes
econonic (and naiond security) benefit, NASA is
working with itsincumbent contractors to developa
series of govenment-designed and owned space
exploration trangportation systems to service ISS as
well as explore the Moon.

For example, many elements of Dr. Griffin@initial
plan to Geduce thegapOin U.S. humen speceflight
have had to beabandonel, and therefore thegap is
likely to belarger than any U.S. politician expects.
Worse till, the high cos of opeaating these systems
to service thelSS, compounde with likely cog,
schedule, and performance problemsin developing
theluna trangportation elements, will dday and
make unsugainable Band probably undfordable b
the human exploration of the Moonand beyond

TheFoundaion proposs a solution tha will easily
work within NASAQ existing budgé at funding
levels aready suppoted by the White House and
Congress. We will explain why this solution:

1. Isournaion3 best chance to Qninimize the ggpO
in U.S. human spaceflight,

2. Iscongstent with White House space policy and
therecommendaionsof thePresident@
Commission in specific areaswheae NASAG

plansare not, and
3. Will allow Congress to restore funding (and

avoid future cuts) to NASAQG technology,
science and aeronautics programs.

We will showthat NASA can expand its timid
outreach to America@@ NewSpace indugry (most
notably its undefundel Commercia Orbital
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Trangortation Services (COTS) program) to solve
the near-term chdlenges of minimizing the @ g O
and affordably servicing ISS. Furthermore, we will
show tha turning over low Earth orbit (LEO) space
opeaationsto NewSpace istheonly way NASA can
focusits talents and resources on returning humanity
to theMoonand achieve thegods of theVSE in an
affordable, susgainable and credible mannea. Also,
turning LEO over to NewSpace will broaden the
U.S. space exploration community, groundel in the
traditiond American values of free enterprise,
entrepreneurship and oppotunity tha opened our
first frontier of the West.

We propos tha NASA can and should pay for this
by immediately eliminaing all work onBlock 1 of
the Crew Exploration Vehicle (CEV), whichis
designed for missionsto thelSS. Since COTS will
become the primary approach to redudangthegap in
U.S. human speaceflight, this eliminaes the schedule
pressureto fly the CEV by 2014. By focusngon
CEV Block 2, which istargeted at theMoonand
beyondas the Presdent intended, NASA can
trander back thefundsit moved from the Science
Mission Directorate to pay for rushing the CEV
Block 1 and Crew Laundh Vehicle (CLV).

Furthermore, as the CEV-to-I1SS schedule pressure
will begone theurgent rush to develop the CLV
will beremoved. Because CLV has subdantially
changad since the decision to use the Shuttle SRB
option, NASA should reopen its CLV trade study to
fairly assess optionssuch astheAtlasV or DeltalV,
congstent with White House policy tha theVSE
should suppot U.S. naiond security interests.

Findly, congstent with the recommendation of the
President@ Commission to decisively trandorm the
relationship between NASA and the private sector,
the White House should enforce this by establishing
anew policy N after 2010the U.S. will buy all crew
and cargo services with adestinaion of low Earth
orbit (like thelnternaiond Space Station) from U.S.
commercia providers usng privately-owned and
opeaated spaceships

In summary, Americais theworld@ mos powerful
naion and theworld® leader in high-tech innovaion
because we are better at capitalism, not because we
are better at socdalism. Using thetools of capitalism
isnow our nation@ best and only chance to have an
affordable and sugainable human space exploration
program, and the best way to minimize theggpin
U.S. human spaceflightand turn theISSinto a
successful initial human settlement in Earth orbit.
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Preface

The Space Frontier Foundaion (Q~ounddionQ has
strongly and publicly suppoted America@@ Vision
for Space Exploration (VSE) since it was unvaled
30monthsago. After all, we have called for NASA
to get out of Earth orbit and start exploring agan
since we were foundel nearly two decades ago*

Until now, however, the Foundaion has remained
largdy silent aboutthededails of NASAG
implementation of theVSE. Ingead, we chos to
give our friendsinade NASA achance to succeed,
even thoughmany Founddion members wanted us
to speak upinoppostion. Andwe specifically
praised’ the appointment of Dr. Mike Griffin as
Administrator, hoping hisrecord of innovaionin
indugry signded an oppotunity to Qiramatically
trandormOhow NASA conduds its mission.

But we cannotremain silent any longe. Today, we
see many of the same paternsof falure tha have
dooned previousNASA space trangportation
development efforts being offered as somehow
likely to work thistime. Indeed, everything about
NASAQG implementation of the Vision appears
nogalgic, asif retracing the stepsof Apollo 45 years
later will somehow lead to success today.

For now, we are confident tha NASA® plansfor
solving the politically vexing @yapGin U.S. human
spaceflight between retirement of the Shuttle and the
initial opeation of a Crew Exploration Vehicle, and
then affordably servicing thelnternaiond Space
Station, will fail. Theremainde of this White Paper
detals why, and wha policymakers can do to avoid
the disastrousconsequences of those failures.

NASA’s Apparent Disregard of White House
Policy Puts the VSE at Risk

The White House@ Vision for Space Exploration
(VSE) represents this generatlon@flrst ralying call
for an expanding human presence in spece. The
Foundaion strongly suppotstheVSE.?

1 In fact, the Space Frontier Foundation’s very first project was a Return
to the Moon petition drive.

2 See the March 2005 Foundation press release at http://www.space-
frontier.org/PressReleases/2005/20050312mikegriffin.html

3

The VSE is a wonderful step forward. However, in the Space Frontier
Foundation’s view, the President missed an opportunity to take
additional but critical steps. It is not just about “exploration” or
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TheVSE, as offered by the President two and a hdf
years ago, represents a major changein direction of
our naion@civilian space efforts, induding several
key reforms the Foundaion has advocated for many
years. Mog importantly, the VSE gives NASA a
real exploration mission onthe Qar frontierO
(beyond Earth orbit) and transers responsbility for
the Ohear fronu erO(e.g. low Earth orbit) to the
private sector’. Perhapsit was for this reason that
the White House invited the Foundaion to heer the
President@ speech at NASA HQ on Januay 14th,
2004.

In announdng theVSE, the President also
established the President’s Commission on
Implementation of U.S. Space Exploration Policy
(@Presdent@ Commission( and directed it to make
recommendaionsonimplementingthe VSE. One
core recommendaion of the President® Commission
was tha NASA should Qlecisively transformQits
relationship with theprivate sector, Grost
immediately in LEO,Oand that QVASA s role must be
limited to only those areas where there is irrefutable
demonstration that only government can perform the
proposed activity.O

NASAQ plannas have appaently ignaed or
rejected this element of White House exploration
policy and explicit direction from the President@
Commission, and therefore will notddiver an
QiffordableOand GugainableOexploration program.

TheFounddion bdieves tha this divergence from
thegod of Gecononic benefitOis aroot cause for
why NASAG plansappesr to bein theearly stages
of amagor programmatic failure.

When President Bush announed the VSE®, hecalled
for the United States to QPromote international and

“extending human presence across the solar system.” It is also about
the permanent human settlement of space, the value to human society
of a real frontier, developing the material resources of space for the
benefit of humanity, protecting human civilization from a cataclysmic
disaster, and protecting the Earth’s fragile biosphere.

4 The Foundation has written extensively on this subject for over a
decade, and has repeatedly testified before Congress on the subject.
For example, on March 16, 1995, Space Frontier Foundation testified to
Congress on the “Near-Frontier, Far Frontier” policy model (see
http://www.space-frontier.org/Policies/manifesto.html). You can also
read the Foundation’s congressional testimony from April 9, 1997
http://www.space-frontier.org/Policies/alphatown.html, and October 1,
1998 http://www.space-frontier.org/Policies/frontieragenda.html.

5
http://www.whitehouse.gov/space/renewed_spirit.html
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commercial participation in exploration to further
U.S. scientific, security, and economic interests.O
Dr. JohnMarburger, the President(3 Science
Advisor, has publlclé/ explained and amplified this
White House policy”:

As | see it, questions about the vision
boil down to whether we want to

i ncorporate the Solar Systemin our
econoni ¢ sphere, or not. Qur national
policy, declared by President Bush and
endorsed by Congress |ast Decenber in
the NASA aut horization act, affirns

t hat, "The fundanental goal of this
vision is to advance U S. scientific,
security, and econonic interests through
a robust space exploration program”

Dr. Marburger further clarified wha the White
House meant by this phrase:

The wording of this policy phrase is
significant. |t subordinates space
expl oration to the primary goal s of
scientific, security, and econom c
interests. Stated this way, the
"fundanmental goal " identifies the
benefits agai nst which the costs of
expl oration can be wei ghed

Indead, NASA appearsto bedoingthe opposte, and
issubordinaing scientific, security and econonic
interests to the programmatic imperatives of
NASAG exploration program. Specifically, NASA
has:

* Madeseriouscuts to the space science program

* |gnored Gecurity interestsOby deciding to invest
tens-of-billionsof-dollarsin two completely new
laundh vehicles, whos bendfit to U.S. naiond
security, if any, has remained undated. (NASA
could have designad some of its architecture
aroundlaundh vehicles tha are also used for
nationd security purposes, which would have
reduced ther cogsfor all govanment users
while saving thetaxpayer billionsin
development cods.)

* Madean undefundeal and inggnificant (less than
1% of the NASA budge) investmentin
@ommercia participaionCto suppot our
(xcononic interests,Oproviding mere Qip

6 Speech to 44th Annual Goddard Symposium, March 15, 2006. See
http://www.ostp.gov/html/jhmGoddardSymp03-15-06Release.pdf
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serviceOrather than a seriousintent to engagethe
private sector in Earth-to-orbit trangportation.

* Decimated the space technology investment
portfolio, effectively declaring tha NASA isno
longe in thetechnology development busness,
thereby eliminaing all theindrect econonic
benefits that would have been created by
technology trander

It isimportant to note that nothing in White House
policy gives NASA authority or directionto own and
opeaate space vehicles for sending crew and cargoto
thelnternaiond Space Station after retirement of the
Space Shuttle. Ingead, the White House specifically
gave NASA anarowly defined task (emphasis
added) to evelop a new manned exploration
vehicle to explore beyond our orbit 7o other

worlds.”

It is clear from White House policy tha the plan was
for NASA to get out of low Earth orbit, where it has
been stuck goingin circlesfor 25 years. How can
we assert this?

We can do so because the President@ Office of
Management and Budge created a new program
called OSS crew and cargo servi cesOto purchase
| SS crew and cargo services from thecommercial
sector, startingin Fiscal Year 2005

Commission on Implementation of the U.S.
Space Exploration Policy

In theimmediate aftermath of the Columbia disaster,
NASA had diminished credibility as thelead agency
for thenaion@civil space policy. Furthemore, it
was recognized tha there was more to civil space
than NASA. Theefore, the President did notsimply
leave implementation of the VSE to NASA, but
formed a Commission on the Implementation of U.S.
Space Exploration Policy to advisetheU.S.
govanment on GhowOto implement the V SE.

Thefind report of the President@ Commission was
issued on June4™, 2004and contained thefollowing
critical finding (#3 page 19, emphasis addel):

NASAGs rel ationship to the private
sector, its organizational structure,
busi ness cul ture, and managenent
processes nust be deci sively
transforned.
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The President® Commission was clear aboutwhat
NASAGrole should bein low Earth orbit (LEO).
Recommenddion 3-1 (page 19, emphasis added)
was.

The Conmi ssion recommends NASA recogni ze
and i npl ement a far |arger presence of
private industry in space operations
with the specific goal of allow ng
private industry to assune the prinary
rol e of providing services to NASA and
nost inmediately in accessing | ow Earth
orbit.

NASAG relationship with thecommercial space
sector has been disastrous Theneed for anew
approach to commercia low-Earth orbit
trangportation was not aminor point of the
President@ Commission. Their report focused
significant attention on this critical need, which was
the subject of fully onethird of its specific
recommendaions They summed upthar attitude
quite clearly (emphasis added):

I npl enent ati on of the space exploration
vi sion nust be built around several core
managenent principles and
conprehensively internalized throughout
NASA. Mbst crucial is a significant
shift regarding NASACs relations with
the private sector

Thecore of thePresidentid Commission@®
recommendaionisaclear paadigm shift from
NASA as builder and opeator, to NASA as
cugomer. (Recommendaion 3-1, page 19, emphasis
adda):

I'n NASA deci sions, the preferred choice
for operational activities nust be
conpetitively awarded contracts with
private and non-profit organizations and
NASAGs role nust be limted to only
those areas where there is irrefutable
denonstration that only governnent can
performthe proposed activity.

It isimportant to note that NASA has not
Qrrefutably demondratedCtha only NASA can
deliver crew and cargoto ISS. NASA hasnoteven
attempted to doso. Theefore, thefact tha NASA is
planning on spending many billionsof taxpayer
dollarsin thenext five years to send the Crew
Exploration Vehicle (CEV) to ISS would seem to be
acomplete rgection of the President@@ Commission
onthis point.
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The President@ Commission used the phrase
(private sectorO43 timesin its 64-pagereport, and
repeated the central idea of usngthe private sector
in theconduson (emphasis added):

We nust chall enge and rely heavily upon
the private sector b major corporations,
smal | business, and entrepreneurs b
beyond anyt hi ng that has ever been
attenpted in a nmaj or governnent-run
program The government nust execute
only those activities that are too risky
for private sector involvenent. The
governnent nust change its focus to
provide incentives for the

conmerci alization of space, and to
create, nurture, and sustain a robust
space- based i ndustry.

The PresdentS Commission stated tha there were
O'hree Imperatives for SuccessOand private indugry
iscritical to achieving al three. This white paper
demondrates tha each of these OmperativesOis
increasingly missing from NASAG current plans
(Page 15, emphasis added):

Three i nperatives nust continuously

ani mate the nationCs space expl oration
journey. It nust be: (1) sustainable
over several decades; (2) affordable
with avail abl e resources; and (3)
credible in the stewardship of taxpayer
dol l ars.

Oneof theclearest indictments of NASAG snubbing
of the Commission@report ishowtheagency is
pursuing thesimplest of gods P created by pressure
fromsomein CongressN Qo reduce thegagpOin
U.S. human speceflight

NASA’s Implementation of VSE —
Exploration Systems Architecture Study

Handed a O/isionCstatement, and provided guidance
in theform of recommendaionsfromthe Presdent@@
Commission, NASA undetook thetask of
|mplementat|on intheonly way it inditutiondly
knew howBby designing an GarchitectureOof the
varioussystems it deemed necessary to carry outthe
V SE, all elements of which would be developed,
owned and opeated by NASA.

Theresulting doaument was nota laundy list of
available resources and private companies ready to
step up and build tha vision, but yet another
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centrally-planned, govanment-built space program
with an entire menu of new vehicles, systems, and
technologies, and the awarding of those new
QlumsOto the variousNASA centers, hungry for a
new generation of public fundng. It has aptly been
described as Apollo on Steroids O It appears tha
Dr. Griffin thoughtthe comparisonto Apollo was a
postive feature, seeming to forget tha Apollo was
ultimately undfordable, and politically
unsugainable.

In Novembe 2005 NASA released the Find Report
(NASA-TM-20052140632 of its Exploratlon
Systems Architecture Study (ESAS).”

This section will explore:

1) Theinitial design approach that Administrator
Griffin broughtto NASA: usng existing Shutle
hardware (except for the Orbiter).

2) Dr. Griffin@ selling of this strategy as redudng
cods, risk and schedule, and howit would hdp
NASA minimize thegagp in U.S. human
gpaceflight

3) Thecollapse of this plan within just eightmonths
as Griffin@ design philosophy hits thewall of
the NASA bureaucracy tha (historically) can
only do thingsin amore cogly, more
bureaucratic manne that always takes longe
than anybodywould imagine, and always
gravitates towards developing new systems.

A key focusof ESAS was the use of existing proven
technology whose purmpose, as communicated to
Congress, wasto Gmlnlmlze the ggp.O Asreported
by NASA Watch® onMay 5, 2005 NASAG
Legidative Affairs office sent amemo to Congress
tha states in the lead-off sentence (emphasis added):

NASA has initiated the Exploration
Systens Architecture Study (ESAS) in _an
effort to mninze the gap between the
final Space Shuttle nission and the

mai den flight of an operational Crew
Expl oration Vehicle (CEV).

The ESAS approach was not new, and was not
surprising, to thoe who followed Dr. Griffin before

7
http://www.nasa.gov/mission_pages/exploration/news/ESAS_report.ht
ml

8
http://www.spaceref.com/news/viewsr.html?pid=16509
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hebecame NASA Administrator. The previousyear,
Dr. Griffinwas the Co-Charman of astudy by the
Planetary Sodety® called “Extending Human
Presence Into the Solar System,” which stated in its
Executive Summary (page4):

e believe these requirenents can best
be net, at least initially, by neans of
designs that utilize existing Space
Shuttl e conponents (e.g., the SRM and
Ext ernal Tank)

This Griffin-led study further stated (page 19,
emphasis added):

I't allows us to take advantage of the
exi sting Shuttle human space flight
assets at the Vehicle Assenbly Building
(VAB) and Launch Conpl exes 39A and B

t hat woul d ot herwi se becone idle upon
term nation of Shuttle operations.
Furthernore, the SRM has proven to be
the nost reliable [aunch vehicle in the
hi story of manned space flight, with no
failures in 176 flights follow ng the
nodi fications inplenented in the
aftermath of the Challenger acci dent.

Later, when Dr. Griffin came to NASA in Spring
2005,heimmediately placed Dr. Doug Stanley, who
had worked for Dr. Griffin at Orbital Sciences Corp.,
in charge of the ESAS study. Dr. Stanley
immediately began studying variousapproaches to
returning to the Moonand Mars. The November
2005ESAS report was theresult.

After November 2005,and publication of ESAS,
NASA and Griffin continued to use the mantra of
Qexigting technologyQto sell the @redibilityOand the
QGiffordabilityOof the program to the White House
and Capitol Hill. For example, in aHouse Science
Committee hearing™ hdd on November 3, 2005
with Griffin as theonly witness, thehearing charter
stated (emphasis added):

NASA is able to state the cost with that
confidence | evel because nost of its
work in the next five years is dedicated
to devel opi ng el enents of the ESAS, such
as the CLV and heavy-lift [aunch

vehi cl e, based on exi sting technol ogy.

9
http://www.planetary.org/programs/ projects/aim_for_mars/study-
report.pdf
10
http://www.house.gov/science/hearings/space05/nov3/CHARTER.pdf
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NASA Seemingly Refuses to Hand off
Responsibility

As reported earlier, the President@ Commission
explicitly stated tha (emphasis added):

*  NASA'’s role must be limited to only those areas
where there is irrefutable demonstration that
only government can perform the proposed
activity.

*  The Commission recommends NASA recognize
and implement a far larger presence of private
industry in space operations with the specific goal
of allowing private industry to assume the
primary role of providing services to NASA, and
modg immediately in accessing low-Earth orbit.

Compare these statements with page 34 of the
NASA ESASreport (emphasis added):

ne of the key requirenents to enable a
successful human space expl oration
programis the devel opment and

i npl ement ati on of a vehicle capabl e of
transporting and housing crew on LEO,
lunar, and Mars m ssions.

This statement conditutes a complete rejection by
NASA of Recommendaion 3-1 of the President$
Commission. ESAS did not provide any proof or
argument that only NASA could dothelSSjob, let
alonean Qrrefutable demondration.O Ingead,
NASA chos to ignore the President3 Commission,
and appears to beingitutiondly committed to
continuegoing aroundin circlesin low Earth orbit.

Andindeed, thefacts showtha NASA isnotthe
only entity that can, or will, fly humansand cargoto
thelSS. Until last duly, theRussiansprovided the
only human flights to the I SS pog-Columbia, and
RSC Enegia, aRussian company, has funded and
flown manned flights both to the Mir space station
andthelSS, induding two private U.S. citizens
Severa other nonU.S. groupsare actively designing
and building systems for ISS cargo[e.g., Europe®
Automated Trangfer Vehicle (ATV), and Japan@ HI|
Trander Vehicle (HTV)].

ESAS’s Flawed Logic of a Single National
Vehicle for Multiple Missions

Theexpeat agency had now spoken. TheESAS
report clearly assumestha a single vehicleisthe
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pah for these multiple missons Thiscondusonis
notonly flawed, butit also demondrates NASAGQ
amazing ability to forget its own history.

The ESAS logic of designing, building, owning and
opeating asingle vehicle for multiple space
missionsisidentical to NASAGlogic in the1970s
tha created the naiond space trangortation system,
later called the Space Shuttle, which was suppo®d
to serve al nationd needs(civil, military and
commercia.) Thislogic was used for over adecade
to kill off all other competing laundh systemsin the
United States. Furthermore, it created a fragile
space trangortation infrastructure, with no
redundancy or resiliency in theface of failure, aswe
saw after thelosses of both Challenger and
Columbia.

Even after the Challenger accident, the NASA
bureaucracy foughtto keep White House policy
frombeng changead. It was only theaggressive
actionsof other pats of the U.S. govenment (DoT,
DoC) tha prevented NASA from keeping a
stranglehold on America@@ commercial satellite
laundh indugry.

TheNASA bureaucracy@® intent in this case
CGippearsOto be quite smilar N to kill off other
competing (commercial) U.S. crew and cargo
systems by eliminating the need for thar services.
Theappearance of ill intentis suppoted by multiple
sources indde NASA who have reported tha CEV
executives and advocates have tried to kill the
Commercia Orbital Trangoortation Services (COTS)
program and steal its budgé. Administrator Griffin
gets credit for making sure this has not hgppened to
date, butit appearstha hels (agan) lettingthe
bureaucracy get its way.'*

Sources close to the (COTS finalists)
have told Flight [|nternational that the
NASA budget proposal for fiscal year
2007 has a mmjor reduction for COTS,

whi ch coul d make the project’ s targets
unobt ai nabl e. Speaking at his 30 June
Kennedy Space Centre (KSC) press
conference for Space Shuttle

Di scovery ‘s International Space Station
logistics mssion (STS-121), Giffin
said: “If 2010 is not realistic then
we'll see where we'll go fromthere".

llhttp://www.fliqhthobaI.com/ArticIes/2006/O7/O 1/Navigation/177/20755
2/NASA's+Commercial+Orbital+Transportation+Services+demonstratio
n++target+date+could+be+extended+into.html
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Thus here are thefacts so far:

* NASA has rejected major recommendéions
from the President@ Commission

* NASA has extendd its role to Qleveloping,
owning and opeating a new vehicleOfor Qow
Earth orbitOmissions

+ NASAGQ bureaucratic CEV and CLV programs
are eating thebudges of every other NASA
priority

This white pgoer recommendsa simple solutionto
the problem these factsrepresent N the White
House and/or Congress should mandae that NASA
implement the key recommendaionsby the
President@ Commission with respect to theprivate
sector.

RECOMMENDATION: The White House and
Congress should specify, as a matter of policy
and/or law, that NASA cannot develop, build,
own or operate a new vehicle for crew or cargo
missions to the ISS or to other parts of low
Earth orbit. For those missions, NASA must
buy a service from U.S. companies.'?

Griffin’s Plan Hits NASA Bureaucratic Wall:

The ESAS Qocus on existing technology and proven
approachesOwas oneof thefew seemingly postive
features aboutNASA Administrator Griffin(d
approach to theVSE. However, this approach,
which was intended to maintain existing jobsand to
smultaneoudy hold down cogs and to fly Csafe,
Simple, and SoonQis now gone

In Novembe 2005 when the ESAS report was
published, Griffin was aboutto hit the bureaucratic
wall. Griffin was aboutto re-learn the ONASA
way,Owhich means everything coss more and takes
longe than anybodyfrom the outside can rationdly
explain.

It is surprising tha nobodyhas serioudy commented
onthis, butinthelast eight monthsthe NASA

12 To clarify the proposed policy, the mission objective is a key
discriminator of how the policy applies. NASA would be allowed to
launch a Block 2 CEV from Earth to LEO if it is destined for the Moon.
The same goes for the return of CEV’s from the Moon to Earth.
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bureaucracy has systematically rejected Griffin@Q
safer, lower-risk, lower-cog approach to design. At
every step of theway, the NASA bureaucracy has
made changes that were intended to OmproveOthe
design.

To be specific, some of thechangesin NASAQG
Condeéllation program since ESAS was published
indude

1. Crew Launch Vehicle (CLV):

ESAS recommendad tha the CLV bedesigned from
the existing off-the-shdf four-segment Space Shuttle
Solid Rocket Motor (SRM), and an uppestage that
used the existing off-the-shdf Space Shuttle Main
Engine (SSME). TheESAS repott stated (page42):

(The 4-segnent Shuttle SRB for CLV)
configuration was selected due to its
| ower cost, higher safety/reliability,
and its ability to utilize existing
human-rated systens and infrastructure.

The ESAS repart continues (page492).

The goal of using the SRB for the CLV is
to take advantage of an existing booster
with little risk to the manufacturing
schedul e and cost. Overall, devel opnent
risk is lowwith utilization of existing
assets and experience. Facilities and
hardware risk is [ow, wthout

signi ficant vendor ranp-up.

Dr. Scott Horowitz, who was Director of Space
Trangportation and Explorationfor SRB
manufacturer ATK Thiokol less than ayear ago,
called this Gsafe, Simple, SoonQ Horowitz even set
up awebste aroundthis mantra™ before hewas
hired by Griffin to come to NASA to implement this
strategy as Assodate Administrator for ESMD. The
Coafe, Simple, SoonCargument was explicitly used
to eliminae the primary competitorsto the Gingle
stickON minor upgrades of the Defense
Department(@ workhorse Evolved Expendable
Launch Vehicles (AtlasV and DeltalV). Not only
did the DoD and the White House Nationd Security
Counal prefer this alternative, buttheU.S. Space
Trangportation Policy took accountof this, calling

13
http://www.safesimplesoon.com/
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for the White House to make thefind decision™”,
since this choice would determineto what extent
NASAQ plansobeyed the exploration policy@
declarationtha U.S. exploration efforts should
suppot naiond security gods (emphasis added):

The fundanmental goal of this vision is
to advance U S. scientific, security,
and econonic interests through a robust
space expl oration program

By Januay 2006,the NASA bureaucracy had
rejected the (Bafe, Simple, SoonCapproach which
was used to kill off theEELV option. Amongother
things NASAQ bureaucracy cho to changethe
CLV designto onetha used five SRM segments,
compared to fou segments in the existing Space
Shuttle SRM*. Thiswas anontrivia change asit
aterstechnical characteristics of the CLV.

NASAG own words doaument that the five-segment
SRB option was significantly more cogly and risky
(ESAS Find Report, page42):

the five-segnent (SRB) devel opnent
added si gni ficant near-term cost and
ri sk

Second,in thehopeof reduang opeating cods,
NASA rgected theuse of theexisting (but
expendve) Space Shutle Main Engne (SSME),
replacing it with an upgaded J2 Apollo-eraenging,
calingit theJ2-X.*® This changewas made despite
thefact tha amodeanized J2 is effectively abrand
new engine, with all thecog andrisk invdved of a
new engine (ESAS Find Report, Page 406)

the Jb2S (is) equivalent to (a) new
engine ... due to the length of tine
t hat has passed since the JBP2 was in
production

Not surprisingly, reports leaking out of NASA
suggest tha these two changesonthe CLV have
tripled the da/elopment cog fromaround$1 Billion
to $3Billion'” Clearly, theCLV isnolonge Qow
cog.0

14
See U.S. Space Transportation Policy Fact Sheet 6 January 2005
http://www.spaceref.com/news/viewsr.html?pid=15010

15
http://www.spaceref.com/news/viewnews.html?id=1087

16
http://www.spaceref.com/news/viewpr.html?pid=20058

l7http://www.nasawatch.com/archives/2006/04/c|v cost_escala.html
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TheCLV can nolonge clam to be Gafe,O
compared to the AtlasV and DeltalV. In July 2004,
Griffin specifically claimed in writing that the CLV
was more reliable with a four-segment SRB because
the Shuttle SRBs had launched 176timesin arow
withoutfailure. Butthenew designof theCLV has
no track record, so it can nolonge claim it is Onore
reliable,Owhich meansthat the GafeOmarketing
termisnolonge appropriate.

Since thenew CLV requires a complete redesign of
the SRM segments, and incorporates an upgaded J2
rocket englnetha has notbeen used in alaund for
over thirty years', it is also nether GimplerOor
Goone.O

Soif theCLV isnolonge Qower cog,OGafer,0
Gimpler,0or Goone,Owhy are we notusng an
upgraded version of the Atlas Vv or DeltalV for the
CLV ingead?

Did NASA use aat & switchOtactic to kill off the
commercial AtlasV and DeltalV optionsfor CLV?
We don®know, butthis certainly does appear to be
thecase. Whaever thecase, NASA nolonge hasa
sufficiently goodreason to ignore White House
policy tha we should explore the solar systemin a
manne tha aso suppots Qhaiond security.O

RECOMMENDATION: NASA should re-open
the CLV trade study options, since 1) Much of
the original basis for rejecting the Atlas V/Delta
IV option is now gone, 2) There is plenty of time
to do so if CEV does not go to ISS, and 3)
Using the Atlas V or Delta IV for CLV will
enhance national security consistent with White
House policy.

Page 9

2. CargoLaunch Vehicle (CalLV):

ESAS (and the Griffin-led Planetary Sodety study
before it) recommendead a heavy-lift launch vehicle
to besmilarly designad aroundmaximum use of
existing off-the-shdf Shuttletechnology. To keep
development cogs to aminimum, NASA designed
the planned heavy-lift Cargo Laund Vehicle
(CalLV) aroundthe sametooling tha isused for the
Shuttle externd tank, theexisting SSME engines,
theuse of theexisting Shutle laund pads andthe

lShttp://en .wikipedia.org/wiki/J-2_%Z28rocket_engine%29
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existing Vehicle Assembly Building (used for both
Saturn 5 and the Shuittle).

On May 18, 2005 theNASA bureaucracy officialy
rgjected the use of the existing SSME, choosngto
subditute the RS68 enginethat is used onthe Delta
IV to reduoe themargind cog of future CaLV
missions®® Unfortunaely, the RS68 has amuch
lower specific impulse (1SP), which required NASA
to increase thesize of theCalLV. To compensate,
NASA chosto widen theCalLV from 8.4 to 10
meters in diameter, which requires throwing away
theexisting tooling used to build the Shuttle external
tanks This changewill be significant in terms of
development cod.

In summary, the CaLV is now essentially a brand
new supe-heavy-lift laund vehicle, which has
essentially nothing in common with the Shuttle,
other than the ASRM segments used to build the
SRBs. TheCaLV will bean expendve, time-
conuming and risky undetaking tha has no other
use to our naion beyond multi-billion-dollar
launches to the Moon or Mars?®

Furthermore, theissue of whether or notsud1 a
heavy-lift vehicle isthe correct strategic pah®
remainsunresolved. There are valid arguments on
both sides, and thisisahotly debaed issue
Fundamentally, thecorrect ansver dependson your
objective. If your primary god isto place humans
ontheMoonor Mars, as soonas posiblein the
simplest and lowest risk manne, a supe-heavy-lift
vehicleisargualy the best answver. However, if
your primary objective isto open up thefrontier to
large numbers of people, or to produce large
redudionsin laundh cods, or to increase compeition
and create redundant pahways to space, or to create
a breakthroughin space commerce for the benefit of
humankind, or to settle this new fronter, then logic
and history suggests a different choice.

History indicates tha regardless of how largea
vehicleis designad, payloadsultimately outgrow it.
More importantly, such alargevehicle will have

lghttp://www.nasa.qov/home/hqnews/2006/mav/HQ 06226 _RS-
68_ENGINE.html

20
CaLV may turn out to be too small for human Mars missions, and

those who refuse to consider orbital assembly may demand a larger
one for that demanding goal.

1
For examples of those who oppose the heavy-lift approach, see
http://www.thespacereview.com/article/526/1 and
http://www.thenewatlantis.com/archive/6/simberg.htm.
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high development cogs and low flightrates.
Althoughthe margind cods per poundare lower
than comparable expendable launch vehicles, itis
still extremely expensve. Creating an QarchitectureO
tha is dependent on ahugelaundher with low flight
rates locks usinto a system tha will have high
laundh codsinto theforeseeable future.

Many U.S. companies have proposed methodsof
human plangary explorationtha don®@require
heavy lift, and indead develop and utilize orbital
propdlant storage and assembly techniques. Some
of these methodswere being evaluated by NASA in
the Concept Exploration and Refinement (CE& R)
program, unde Sean O eefe and Admiral Steidle.
Such techniques are thefounddion of atruly space-
faring naion, and orbital propdlant ddivery in
flexibly sized increments would offer avital and
large market for the further development of private
pace trangortation providers, in amanneg similar
to theairmail subsdy tha spurred theearly airline
indugry.

However, Dr. Griffin came to NASA with hismind
dready madeup onthisissue® ESAS essentially
ignored the many interesting conaegpts and andysis
developeal by the CE& R contractors.

Overall, themajor implicationsof NASAG plans,
and ongong changesto its plans indude

1) TheUnited States will have amuch larger gap in
human spaceflightthan NASA iswillingto
admit.

2) ESASwill fail at itsgod of repeating NASAG
glory days of Apollo by attempting to implement
an Apollo on SteroidOprogram.

First, repeating Apollo is notagoodthing, even if
we could. Thedesign choices madein Apollo were
based on the need to best the Sovietsto the Moon,
and NASA was given an order to Quaste anything
buttime.O But as the president said in his speech,
VSE isnotarace, butajoumey. We should not
blindly follow the path of a successful program
designed for oneset of circumstances, butwhich
was notdesigned for affordability or sugainability.

2 For examples, read Griffin’s lecture on the subject from 2001 at
http://fti.neep.wisc.edu/neep533/FALL2001/lecture29.pdf and his
October 6, 2003 and March 10, 2004 congressional testimony at
http://www.spaceref.com/news/viewsr.html?pid=10683 and
http://www.spaceref.com/news/viewsr.html?pid=12151.
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Second,theamazing andinnovdive NASA of the
Apollo daysislonggone To paraphrase Santayana,
since NASA (and our elected leaders) have not
learned from history, it isdoomed to repest it. This
NASA gave usthe Space Shutle and the Space
Station, both significantly over budge and behind
schedule, and have yet to meet any major promises
made by NASA to U.S. politiciansand taxpayers.
ThisNASA gave ustheserial fiasco of SLI, OSP,
CTV, and CRV, which demondrated NASAG
tendency to spend large amounts of money to keep
changing thedesign, year after year, before
canceling the program. ThisNASA isin theearly
stages of failing to implement the Vision for Space
Explorationin an affordeble and sugainable manne,
and will fail unless we do something different E

and soon.

Stimulating Development of Earth-to-Orbit
Transportation and Buying the Service

The essence of therecommendéionsby the
President@® Commission on Earth to Orbit
trangportationistha NASA should be buying these
services commercially. Theproblem isthe services
NASA wants are not currently commercialy
available fromaUS provider. This creates a choice
between elther purchasing services from abroad,
and/or stimulating the development of the desirable
capability domesticaly.

Stimulating desirable activity from the private sector
isavery commongod for Government, andthere
are avariety of well-established methods Itis
important to note that NASA currently has nelther
thein-hous expertise northelegd autharity®® to
make use of some of the standard methods
Congress, on the other hand, has access to thelegd
authornty, and U.S. indugry has accessto the
expetise.

Thisisasdtuaion where NASA needsto goto
Congress and non-traditiond U.S. indudry with the
problem, and ask for a solution rather than providing
onebased onits QimitedOin-house expertise.

In the next section we briefly discuss three of the
possible methods There are severa other
approaches with a goodhistory of success that we do

= There is a limit on the size of prizes that NASA can offer. NASA
needs the approval of Congress to offer the larger prizes that are
suitable for stimulating Earth-to-orbit transportation.
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not discuss, but which may be applicable to the
current situaion, induding tax credits, tax holidays
(Zero G, Zero TaxQ and voudhers (or voudhe-like
forward purchase commitments.)

Three Methods: Demonstrators, Commercial
Launch Services and Prizes

All three proposd approaches to enable commercial
services Boneof which NASA is pursuing Btake
advantage of a proven process caled Gapitalism.O
Americaisthemos powerful naiononthis plang
because we are better capitalists, not because we are
better at bureaucracy. Welead or domnae amosg
every high-tech indugry onthis planet where free
enterprise and freetradeis alowed to reign. Itis
time to extend the power of free enterprise
capitalism to space.

Demondration programs involve funding technical
approachesto the point where there is confidence
tha thedevelopea can, when given a firmed fixed
price contract, actudly ddiver therequired service.
That iswha NASAG Commercia Orbital
Trangportation Services (COTS) program is doing.

COTSisactudly oneof thefew thingsthat NASA is
doing tha is congstent with the VSE@ emphéasis on
Ceconomic bengfitOand therecommendéionsof the
Presdent@ Commission. Tha said, while the
Foundaion praises Dr. Griffin for championing
COTS, itisasmall tactical add-onto NASAG
exploration plan, notthe central strategic thrud it
should be. The COTS budge of $500million over
fouryearsislessthan 1% of NASAG budge over
the same peiod, and less than 5% of exploration
spending. Thissmall investment is hardly
commensurate with amandae to “decisively
transform ... NASA’s relationship to the private
sector.” Nor isit sufficient to minimize thegapin
U.S. human speceflight

At thesame time, NASA has acknowedged tha it
received excellent COTS proposlsfrom U.S.
companies.

"Wé've been very pleased with the
qual ity of the proposals we've
received. " - James Bailey, COTS
Agreement Officer?

24http://www.msnbc.msn.com/id/1 2706352/
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"NASA was extrenely pleased in the

qual ity of the proposals received and is
expected to announce the final
selections later this sumer,”
spokesman Michael Braukus?

- NASA

Clearly NASA received many qudity COTS
proposls. Some high-qudity proposis did noteven
make thefind roundof six COTS compditors. This
eiminaesthe excuse tha there were nat enough
goodoppotunitiesto jugify alarger COTS
investment.

Another unde-funded NASA effort that we applaud
is Centennial Chdlenges, aprize program. While
we are notamongthos who bdieve tha prizes are
theanswer to every problem, stimulating
development of reliable, affordable and safe Earth-
to-Orbit trangportation could greatly benefit from
well-crafted and sufficiently funded prizes”.

It isNASAQG GtatedOintention to purchase services
commercially fromany US provide as soonas they
are ready to ddiver. However, NASAQ huge
investment in CEV Block 1isasignificant reason
for entrepreneurs and investors to be skeptical tha
any such purchases will ever hgppen. Thedirect
funding of a govanment competitor frightensaway
potential service provides, professond investors,
and therefore reduces thelikelihoodtha thedesired
commercia serviceswill actudly show up.
Consstent with this, the Founddion notes that
NASA has significantly cut the projected budgé for
ISS crew and cargo services after 201G, to pay for
CEV andCLV.

More to the point, however, NASA could buy
commercia servicestoday fromU.S. providers.
True no U.S. company has aready fully developead
and demondrated the service, butthereisevery
reason to bdieve they could inrespong to a
commercia-style request for proposls. Private

25 N ) .
http://www.newscientistspace.com/article/dn9149-space-station-
supply-vessel-contenders-revealed.html

26
A serious Earth to orbit prize, with passengers as the payload, would
be well in excess of $100M.

21 Originally, the ISS crew and cargo services budget was projected to
grow to nearly $1 billion per year after the Shuttle retired. In the most
recent (FY07) NASA budget proposal, the projected budget for ISS
crew and cargo services for was reduced to $375 million from the nearly
billion dollars in previous projections. See “SAE ESMD 2-14” of the
NASA FYO07 budget proposal, at
http://www.nasa.gov/pdf/142458main_FYO07_budget_full.pdf
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indugry purchases new services like this all the
time. Meanwhile, NASA isbuyingISS crew and
cargo ddivery services, butonly onasole source
and non-competitive basis from foreign
govenments, in paticular Russia. Thefact tha
NASA isnotalowingU.S. indudry to compee with
foreign govanments onalevel playing field today
does notbodewell for alowing COTS or prize
winnasto sell commercial servicesto NASA
tomorrow.

Oneof thelessonsfrom private indudry, tha amost
every high-tech investor undestands is a policy
called Qliversification O It isan amog universal
rule of venture capitalists and other sophisticated
high-risk investors tha you never place all your eggs
in onebasket, or even two or three baskets. In
gened, venture capital fundsinvest in aboutten
different companies, with the expectation tha they
will have ther share of strikeouts, will hit afew
singles, acouple of doubks, and onehome run. The
problem istha $50M is barely enoughfor two
unde-funded COTS winneas, or three very unde-
fundel COTS winnes (increasing the chance tha all
of them will fail).

L et review Recommendaion 3-1 (emphasis added)
of the Presdent@ Commission:

The Conmi ssion recommends NASA recogni ze
and i npl ement a far |arger presence of
private industry in space operations
with the specific goal of allow ng
private industry to assune the prinary
rol e of providing services to NASA and
nost inmedi ately in accessing | ow Earth
orbit.

If NASA were serioudy following this
recommendaion, NASA would invest more money
in prizesand COTSthan it is spending on building a
competing vehicle for low Earth orbit missons If
NASA was serious it would issuearequest for
commercia service proposlstoday asaway to
assure developa's of Earth-to-Orbit launah services
tha the Agency isredly going to buy such services
at a price high enoughto judify the subgantial
private investment tha isrequired.

But theexact opposteistrue NASA is spending an
order of magnitudemore money on sending the CEV
to ISSthanitisinvestingin COTS and Centennial
Chdlenges combined. Dr. Griffin claimstha he
hopesthat COTS will work, buttha heneedsto

25 July 2006

Unaffordable & Unsustainable: NASA’s Failing Earth-to-orbit Transportation Strategy



fundNASA vehiclestogoto ISSasan Onsurange
policyOagang the possibility that COTS doesn®
work. But mog insurance policies are a small
amountof thevalue of thething beinginsured.
NASAQ budge priorities seem to turn the
traditiond concept of inaurance onits head, and
demondrates very little confidence in the private
sector on Dr. Griffin@ pat. Thebest OnauranceOis
to invest in aportfolio of private sector approaches
to COTS as previoudy suggested, congstent with
thegenera practice of venture capital funds

It isnotonly unfair, butit aso inefective, for the
U.S. Government to demand tha private firms and
private U.S. investors putther own private
investment capital at risk to build a system that must
directly compete with a govenment vehicle (e.g.
CEV Block 1) tha, in comparison, has a olank
checkOof taxpayer money to spend. Thisisadouble
problem for those markets, such as|SS cargo
ddivery, Where NASA istheonly existing
cusomer?® in the market.

Wha message does NASAQ direct funding of a
competing govenment system, at an orde of
magnitudehighe level of funding, send to private
investors who have been approached by NewSpace
firms aboutCOTS? Tha NASA is not seriousabout
commercial approaches to exploration. Thisisnat
decisive trandormation of NASA@ relationship with
the private sector.

This white pgper recommendsa changein NASAQ
budgeary priorities to implement a decisive
trandormation of NASAQ relationghip with the
private sector.

RECOMMENDATION: The U.S. government
should immediately transfer several billion
dollars from CEV and CLV to pay for an
additional round of COTS, for larger prizes, and
service purchases.

Why should the U.S. Government do this?

For avery smplereason. Notonly is capitalism our
naion® best hopeof minimizingthegap in U.S.

288y this we mean that NASA is well over 99% of the proven market for
ISS cargo delivery that is accessible to potential U.S. ISS cargo delivery
suppliers. The European, Japanese, and Russian markets are not
accessible.

Space Frontier Foundation
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human speceflight, butamuch larger role for private
indugry in theVSE istheonly hopefor a
QGugainableOand GiffordableOAmerican mission to
explore, develop and settle the solar system. The
President@ Commission undestoodthis well.

NASA appaently does not

Fixing the “U.S. Human Spaceflight Gap”
Problem is Easy

The da/elsé)rrent of the CEV is broken into phases,
or (blocks3® as NASA callsit. Uponexaminéion,
the organization of the CEV program makes
proposng a solution quite easy.

CEV Block 10isthedesignfor aCEV for ISS and
Earth orbital missons CEV Blodk 1isthe
gpacecraft that will be developed unde the current
compdition, with contracts expected in September
of 2006. CEV Block 1 isaso theprimary new
program tha is draining NASA fundng over the
next 5 years from technology investments, science,
aeronautics and now COTS.

The QrehicleOthat NASA was explicitly authorized
to QlevelopQby the White House is CEV (Block 2,0
notBlodk 1.0 TheBlock 2 version of theCEV is
explicitly designed for luna missons Thisisthe
real CEV tha the White House intended NASA to
QlevelopQesit will trangport humansfrom Earth to
theMoon,which isamuch different mission than
goingto ISS.

Yet, NASA is planning to spend many billions in
additional taxpayer dollars to develop both block
versions of the CEV. TheNASA ESAS Find
Report isfilled with design conflicts between a CEV
tha goesto theMoon and aCEV tha mug goto

| SS (unde much schedule pressure).

NASA should be designing a simpler CEV that is
solely for missions beyond Earth orbit. Instead,
NASA is making decision after decision that
increases both the cost and complexity of CEV so
the same vehicle meets both the unique requirements
of the ISS, as well as the Moon. Every time this
happens, the CEV becomes a little less optimal for
exploration and less likely to be completed at any
cost.

29
http://www.astronautix.com/craft/cevcm.htm
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We will providetwo examplesto illugrate the
oveall problem N theCEV vs. APAS doding
system trade-off, andthe NTO/MMH vs.
LOX/Methanetrade-off.

CEYV Docking Systems (APAS vs. LIDS):

The ESAS Find Report clearly states that nather the
AndrogynousPeriphaa Adgptor SystemO(APAS)
dodking system, nor any other existing doding or
berthing system works well for beyond Earth orbit
exploration vehicles®. Ingead, theESAS
recommended® that CEV use anew dodking system
called Q.ow Impact Docking SystemO(LIDYS) tha
has been in development since the early 1990s

Unfortunaely, this created a problem, which was
only a problem because NASA wanted the CEV to
goto ISS. TherewerenoLIDS dodking ports at
ISS. Asaresult, ESAS recommenddl tha theSS
APAS ports beconveted to LIDSto alow the CEV
tododk to ISS. From ESAS, pages 308-309:

Eafter assessing the inability of the
APAS to neet CEV and exploration

requi renents, it is reconmended that the
LI DS nmechani sm be i ncorporated onto an
adapter, enabling near-term CEV/ISS use.

However, this ESAS recommendation created
another problem for a different part of NASA. How
do you convert an APAS port to a LIDS port? You
take up an APAS-to-LIDS port converter on a
Shuttle flight.

Sources in NASA’s ISS program in November of
2005 reported that this solution had major problems.
One problem was reportedly the requirement of
another Shuttle flight, which costs at least a billion
dollars because NASA has to account for the
additional fixed costs of the shuttle as you extend the
entire Shuttle program life. Another problem was
the Shuttle retirement date of 2010, which created
huge schedule pressure on finishing the design,
development and construction of LIDS.

So it should come as no surprise that the ESAS
strategy for converting ISS to use LIDS was
cancelled within a few months after the ESAS

30
See ESAS Final Report, pages 306-307,
http://www.nasa.gov/mission_pages/exploration/news/ESAS _report.html

i See ESAS Final Report, page 38.
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report. Instead, the NASA bureaucracy mandated a
different solution — that Block 1 of the CEV use
APAS, while Block 2 of CEV will use LIDS. As a
result the CEV bidders were told to propose a CEV
design that can incorporate two completely different
docking systems.

Simple? No way. Low-cost? Not a chance.

If this decision appears complex, the next
bureaucratic design change — all in the name of
making sure the CEV can go to ISS — makes the
docking port issue look minor.

CEV Engines (NTO/MMH vs. LOX/Methane):

One of the key recommendations of the President’s
Commission, which all parts of the U.S. Government
agree on, is the recommendation on affordability.
One of the keys to long-term affordability is the use
of in Situ resources at the Moon, Mars or wherever
you go.

The Space Studies Institute’, founded by Dr. Gerard
O’Neill, was one of the earliest advocates of in Situ
resource utilization (ISRU), showing how the use of
lunar materials could provide huge reductions in the
cost of cis-lunar activities. The most important lunar
in Situ resource is oxygen™. Even the President’s
Science Advisor, Dr. John Marburger, has talked™
about the value of oxygen as a lunar resource,
stating:

The greatest value of the Mon I|ies
neither in science nor in exploration,
but in its material ... The production
of oxygen in particular, the major
conponent (by nmass) of chenical rocket
fuel, is potentially an inportant Lunar
i ndustry.

More recently, the benefits of ISRU was re-
introduced to a new %eneration by Dr. Robert Zubrin
of the Mars Society,” most particularly in showing
how ISRU (via CO2 in particular for early missions,

%2 http://www.ssi.org/
3
For more information on this subject, we suggest reading the

congressional testimony by Foundation advisor Dr. John Lewis at
http://www.house.gov/science/hearings/space04/apr01/lewis.htm

3 Speech to 44th Annual Goddard Symposium, March 15, 2006. See
http://www.ostp.gov/html/jhmGoddardSymp03-15-06Release.pdf

http://www.marssociety.org/
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for Methane engines) was critical to lowering the
cost of humans on Mars. In general, there has been
broad and deep agreement within the space
community for some time that ISRU is critical to
human expansion into the Solar System. So, it was
not news when the ESAS study concluded that a
LOX/Methane engine was best for the CEV. The
ESAS Final Report stated (page 569):

The LOX/ net hane system was desirable
froma performance perspective and al so
to elimnate the operability issues

rel ated to hypergols and to enabl e the
use of in-situ nmethane on Mars and
oxygen on the Mbon and Mars.

The ESAS conclusion was not really a surprise as
Administrator Griffin disclosed the decision to use
LOX/Methane when he talked about its advantages
in September 20, 2005 in a news conference™:

OThe LOX/ nmet hane combi nation offers
quite a | ot nore performance capability
than the storables that you were talking
about in your question with, we believe,
no additional risk. In fact, overall, we
think the systemw || be safer. O

The ESAS team conducted a detailed trade study
between LOX/methane and the major existing
alternative, which is the hypergolic bi-propellant of
Nitrogen Tetroxide (NTO) plus Monomethyl
Hydrazine (MMH). ESAS concluded (page 115)
that LOX/methane had many significant advantages,
and only one downside (which we underline for
emphasis).

LOX/LCH4 is a cl ean-burning propel | ant
combi nation. LOX/ CH4 does of fer

hi gher |sp performance conpared to
state-of-the-art storables (i.e.,

NTQ MVH), wit hout the volune increase
that is conmon with LOX/LH2 systens,
which results in an overall |owver

vehi cl e mass as conpared to MVH/ NTO
propul sion systens. A LOX/LCH4 system
uses | ess power, on the order of 1,000
watts | ess power, than conparable

MVH/ NTO propul si on systens, thereby
significantly reducing the mass of the
spacecraft power systen(s). LOX/ CH4
propul sion systens offer significant
gains in spacecraft performance, and the
ri sks of developing a LOX/ CH4 system

36
http://www.spaceref.com/news/viewsr.html?pid=18122
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appear to be manageabl e. However, the
ti ght devel opnent schedul e for the CEV
puts the successful devel opnent of a
LOX/ CH4 system for the SM at ri sk.

The only reason there is a “tight development
schedule for the CEV” is because NASA has
decided it needs the CEV at ISS. Even so, ESAS
concluded that the schedule risk was manageable,
and recommended LOX/Methane be the baseline in
all versions of the CEV.

You can guess what happened. In less than two
months, on January 11, 2006” the NASA
bureaucracy eliminated LOX/Methane in the CEV.
The reason, as stated in the CEV “Call for
Improvements” was (emphasis added):

NASA desires to streaniine CEV

devel opnment, production and operations
to neet a first crewed test flight as
close to 2010 as possi ble, but no |ater
than 2012, w t hout conprom sing safety.

S0, we are now in a situdion where everybody
agreestha ISRU iscritical to the VSE, and tha
LOX/Methaneis by far the best fud/oxidizer
combinationfor the CEV, which is suppo®d to be
for human missionsbeyond Earth orbit.

But, ingead, NASA isdesigning theinitial version
of the CEV with asub-optimal fud/oxidizer engine
because NASA has created phonyschedule pressure
by choosngto sendthe CEV to ISS.

Conclusonon CEV:

NASA iscurrently designing, and prepaing to build,
two subdantially different spacecraft. Onefor ISS
missions and another for missionsbeyond Earth
orbit. AlthoughCEV Block 1 and CEV Block 2 will
have some commondities, the extra cog of
designing, building and testing these two different
gpacecraft (as oppo®d to jus onetha would go
directly to the Moon)will be measured in many
billionsof dollars and many years of additiond
development time. Only NASA mighttell ushow
many billionsextrait will cog thetaxpayer to design
two different versions But theleaks™ coming out of
NASA aready report a$10-15 billionincrease in
program cods for ESAS as awhole. How much of

87 http://prod.nais.nasa.gov/cgi-bin/eps/sol.cgi?acqid=117013

38 http://www.nasawatch.com/archives/2006/07/cev_cost_climbi.html
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thisisdueto CEV isunknown, butit surely is not
zero.

Why is NASA doing this?

It iscommonly undestoodin public choice
econonic theory®, which has resulted in several
Nobd Prizesin thelast two decades (Buchanan®,
Stigler*') that apulic agency, left to its own
devices, will benditsfundsand mission toward its
own self-interested inditutiond ends

The QCondse Encyclopedia of EconomnicsOexplains
why QPublic Choice Theory’ is directly relevant to
this white paper.

publ i c choi ce econon sts point out
that there also is such a thing as
"government failure." That is, there are
reasons why governnent intervention does
not achi eve the desired effect.

In addition to voters and
politicians, public choice anal yzes the
rol e of bureaucrats in governnent. Their
incentives explain why many regul atory
agenci es appear to be "captured" by
speci al interests. (The "capture" theory
was i ntroduced by the |ate George
Stigler, a Nobel Laureate who did not
work mainly in the public choice field.)

Despite the many goodand good-willed people who
work at theagency, thereis nothing aboutNASA
tha exemptsit fromthisironlaw. Inany event, itis
certainly not because the White House or the
President@ Commission has directed NASA to do
this. Infact, as aready described, the President$
Commission clearly stated tha NASA shoud get out
of thebusness of conduding opeationsin low
Earth orbit. Infact, some Members of Congress
have recently called on NASA to ue the COTS
program to eliminae theggp in U.S. spaceflight®

Simultaneoudy with NASA spending many billions
on a spacecraft tha is unnesessary and which they
have not been directed to build, theagency is Ceating

e http://www.econlib.org/library/Enc/PublicChoiceTheory.html

40 http://en.wikipedia.org/wiki/James_M._Buchanan

4 http://en.wikipedia.org/wiki/George_Stigler

42
http://www.econlib.org/library/Enc/PublicChoiceTheory.html

43 http://www.space.com/spacenews/archive06/Kbhside 052906.html
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its seed cornOby cutting thefive-year budge plans
for space science, aeronautics, and advanced space
technologies, with potentially devastating effects on
future naiond competitiveness.

The Founddion findsthis unacceptable, and
recommendsin the strongest termsthat it be fixed.

RECOMMENDATION: The U.S. Government
should immediately cancel all plans for, and
work on, CEV trips to the ISS. Instead, NASA
should refocus its limited resources on
development of a CEV that will go to the Moon,
consistent with White House policy to “develop
vehicles for missions beyond our orbit.”

Page 16

This means canceling Block 1 of the CEV. The
benefits of doing this would be enormous. It would:

1. Help NASA succeed, by focusing NASA on the
original streamlined mission that it was given by
the White House, which is “beyond our orbit.”
A streamlined focus will:

a. Simplify the design of the “beyond Earth
orbit” CEV (Block 2)

b. Clarify what NASA’s ESMD division should
be doing (which does not include activities in
low Earth orbit)

C. Significantly increase the probability that
NASA will succeed at putting humans on the
Moon by 2020, affordably

2. Free up many billions-of-dollars in funding in
the next five years that can be used to:

a. Pay for a much larger and aggressive COTS
program, which is our best chance to
“minimize the gap” in U.S. human
spaceflight

b. Allow NASA to put billions-of-dollars back
into space science and technology

c. Allow Congress to put significant funding
back into aeronautics

d. Eliminate the need for raids by ESMD on the
Shuttle and ISS budgets

3. Enforce the recommendation of the President’s
Commission that QVASA ’s role must be limited
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to only those areas where there is irrefutable
demonstration that only government can perform
the proposed activity.”

4. Allow NASA to keep both Shuttle laundh pads
(39A and 39B) in opeaationthrough2010for the
remaining Shutle laundhes. Because of the
pressure to Oninimize theggpONASA is
planning on starting the conva'sion of oneof the
launch padsas early as 2007,which will have
significant impacts on Shutle launches.*

Thebenditsto eliminaing the need to change
ove oneof the padsin the next few years
indudes:

a. It frees up near-term fundsfor science,
shuttle, station, aeronautics, or COTS

b. It will removeaschedule condraint to
Shuttle laundhes, thereby possibly
accelerating the assembly of 1SS and
increasing safety

c. Itwill alow theavailability of an emergency
Shuttle laund (called STS-300)for the
Hubble Space Telescope (HST) repar
mission, even if the HST repar missionis
ddayed. (Currently, theHST missionisthe
only remaining Shuttle mission tha does not
have a safe haven for the crew.)

Conclusion

Based on thefacts, we have sadly conduded tha
NASAG implementation of the President@ Vision
for Space Explorationis aready failing, and bound
to get worse. Oneddfinition of insanity isdoing the
same thing over and over agan, and expecting
different results.

Does anybody expect different results from NASA
after the Shuttle and Space Station? It istimefor
our naionto do something different. It istimefor
the U.S. govenment to implement the
recommendationsof the President@ Commission,
and force NASA to Qlecisively trangormQits
relationship with the private sector.

44http://en.Wikipedia.orq/wiki/Launch Complex_39#LC-39B_.28Post-
Shuttle.29
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A $500millioninvestment in COTS as the primary
meansof ddivering crew and cargoto ISS,
consderingthebillionsof dollarsthat NASA plans
to spend on CEV Block 1 as an Onaurance policy,O
andthe $2 Billionin reported cog increases incurred
by theCLV, isnot adecisive trandormation, it is
busnessasusud. Expectingthistowork isinsane

The Founddionrecommendstha CEV Block 1,
which isfocused on ISS, be cancelled immediately.

The Founddionrecommendstha the CLV be
ddayed consstent with CEV Block 2 andthat the
AtlasV & DeltalV bereconsdered because of the
nationd security and taxpayer bendits, andthelarge
jump in thecod estimates of the CLV program.

The Founddionrecommendstha severa billion
dollars of the near-term savingsbe used to create an
additiond COTS competition, to create larger space
trangportation prizes, and for service acquisitions

If thereisgoingto beaVisionfor Space Exploration
tha succeedsat its stated gods, which lastsfor a
geneation, and which continues througha dozen
congresses and several more Presidents, then NASAG
implementation needsto beradically revised.

The Hougon Chronicle, the hometown newspgper of
theNASA Johnon Space Center, clearly undestood
thefundanental problem when they wrote an
editorial on May 30, 2006(emphasis added):

NASA shoul d devel op a | ong-range
strategy to harness the engine of free
enterprise for the exploration of space,
wi th government providing regul atory
oversight, while allow ng private
partners in the pilot's seat. After all,
a fornula that made the United States

t he nost powerful nation on Earth shoul d
work just as well on the nobon and
beyond.

Americagesit. We aretheland of thefree, andthe
mog powerful naion on Earth, because of free
enterprise. Let usreflect thistruth in our space
activities. A hdf acentury after taking the dead-end
state sodalist road of Apollo, let uschoo® adifferent
pah. Let usopenthenew frontier with those same
values that have made our naion so great in the past.
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APPENDIX: Assuming Nothing Changes,
Our Prediction

Wha will happen if NASA staysthecourse? Itis
quite easy to make some specific predictionsabout
thefuture, when all we are daingisrepeating the
past. We fedl nojoy in making these predictions
Thereisno profit in bangright In fact, it makesus
quite sad. Butwe will say wha mudg besaid. As
the saying goes G-ool me onae, shame onyou. Fool
me twice, shame on me.O

We are not beng sarcastic in making these
predictions We chalengesuppoters of the current
NASA strategy to make asimilar set of GypecificO
predictions and pog them online, so they can be
compared to ours as events unfold.

We don®want to beright We want to see the
permanent human settlement of space in our
lifetimes.

Assuming nothing significant changes, we predict:

* NASA will attempt to dday and avoid reporting
to the public and Congress ontheinceasing
codsin the Congellation program (CEV, CLV
and CaLV). NASA pulic statements onthe
Congeéllation program will be characterized by a
distinct lack of cos information.

* In spite of NASAG best efforts to keep it quiet,
there will bea congant trickle of news about
mouning cods by theinaeasing number of
blogswith accessto NASA information. The
Internet empowers and frees, andis the enemy of
bureaucracy.

» AsNASAG credibility deteriorates, serious
space reporters will increasingly ask NASA
executives questionsaboutcod (affordability)
and schedule (sugainability)

* TheCongellation Program will (continue to eat
thebudges for science, COTS, aeronautics, and
other NASA activities

* TheCEV will beoveweght, and over budge

* Tofix the CEV weight problems, the capabilities
of the CEV will bereduced, or thesize and cos
of theLVs(CLV and CaLV) will be
significantly increased

Space Frontier Foundation
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* Thenear-term CEV schedule will dlip to the
right

* Thegap in U.S. human spaceflight will increase.
Therewill beno U.S. government human
presencein space in 2014 (unless COTS
succeeds, which is possible but unlikely with
only two-three unde-fundel winnas.)

* Therewill benoUS govenment presence onthe
Moonin 2020

* Therewill benoUS govenment presence onthe
Moonin 2025

* Therewill benoUS govenment presence onthe
Moonin 2030°

* Public suppot for acivilian space program will
continueto decline

* Seeingal this, thenext Administration will
decideto goin adifferent directionin 2008

*  Twenty yearsfromnowtheVSE will belittle
more than afootnote in a history book

Don’t laugh. We are serious about this prediction. Even if you don’t
think this is likely, we believe you will have to admit that it is certainly
possible. Remember, this is the NASA that sold the White House and
Congress on a huge space station that would be built in “a decade” for
$8 Billion. Itis now over 20 years later, the station is only half
assembled, it is many times the original cost projection, and it is small
shadow of the original station that NASA once promised. A 10+ year
delay in our return to the Moon, with huge cost overruns, is an easy
prediction to make.
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