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Warning Signs of Impending Program Failure

Program managers must be on guard and prepared to de-
tect the distinct warning signs of impending program 

doom, and take immediate action to confront them.  They are:  

• Failed systems engineering.
• Unrealistic funding realities, including incomplete bud-

gets or volitile program funding.
• Unreasonably pushing the technology envelope, with un-

stable requirements.
• Overly optimistic planning estimates, with weak program 

cost and schedule reserves.
• Launch vehicle selection driving program complexity.
• Unreasonable “sunk-cost” arguments.
• Government/customer is not acting and thinking strategi-

cally.
• Faltering industrial base.
• Stunts being used as a substitute for mission value.

The manifestation of these systems engi-
neering and process failure warning signs 
have a tendency to aggregate and compound 
to create the space program acquisition “death 
spiral,” driving the overall program to failure, 
as graphically depicted in Figure 1.  Program 
managers, corporate brass, agency heads, and 
legislative sponsors must therefore work their 
hardest to prevent their space programs from 
falling into a “death spiral,” refusing to let the 
factors that manifest the spiral auger in by 
confronting them head-on.

Failed systems engineering.  Successful 
systems engineering requires robust and pro-
active risk management.  A project team must 
know the program’s requirements, and be able 
to engineer each spacecraft and its supporting 
systems to meet mission requirements.  

Managing (and owning) risk is critical to 
systems engineering success.  To minimize 
problems, Tony Spear, in his NASA FBC 
(Faster-Better-Cheaper) Task Final Report, 

Views and Opinions

recommends: vigorous system and subsystems engineering to 
establish standards; continuous, rigorous risk assessments and 
mitigation throughout development and operations; balanced 
use of available and advanced technologies; and established 
metrics for mission risk and technical, cost, and schedule per-
formance.1  While Spear’s systems engineering recommenda-
tions are well-considered, performing these tasks on large satel-
lite system programs is often an insurmountable task, given the 
breadth of the challenge.  The necessary risk management is 
more than just another reporting buzzword. The team must fully 
comprehend the program’s risks.  Program managers must be 
given the authority needed to match their accountability.  Unfor-
tunately, their decisions are often second-guessed by a myriad 
of senior management reviews, many by non-decision makers.  
As a consequence, managers for important satellite programs 
often are unable to effect changes on even minor issues with-
out political preparation of senior leaders, lest their decision be 
questioned by the latter.   

Space systems, even quick and dirty small-sized ones are not 
easily engineered and built.  There will always be cost, tech-
nical, schedule, and programmatic risk.  A program manager 
steeped in systems engineering practices understands that mak-
ing changes to a program baseline tends to be very expensive.  
But it is easy to fall into a trap of making changes to a techni-
cal baseline, describing such moves in comforting terms as im-
provements, usually taken in the name of providing system flex-
ibility. Such changes have the unfortunate potential to disrupt 

Figure 1. The Space Acquisition Death Spiral.
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and cripple large programs by imposing huge cost penalties.  
Prudent risks must be taken, and program managers must pri-
oritize them and understand their impacts on the mission. Once 
risks are understood, managers must build a plan to mitigate or 
handle them in event they materialize. They must review early 
and often the risks and their risk mitigation plan.  

Systems engineering, if accomplished properly, can detect 
technical problems early, and provide insight to more easily 
resolve them. General Bernard Schriever and his engineering 
management teams demonstrated these points during the earli-
est days of the development of US military space.  Solving a 
problem early saves the significant cost and reduces the com-
plexity of extricating oneself from a problem that has endured 
and spread.  However, in the days of NASA’s recent FBC exper-
iments, engineering funding was an easy target, and engineering 
development expertise eroded throughout programs of that era, 
sometimes with catastrophic results.  Problems never get better 
with time, and failing to find and highlight problems early has 
become a challenge of re-capturing the vigorous and robust sys-
tems engineering of the past.2

Despite the seriousness of technical challenges, systems 
engineering efforts are often not valued by management, even 
though performing such a function is nearly always vital to 
program success, and despite the fact that systems of system 
engineering is a new and growing specialty.  It turns out that 
it is all too easy for managers to just send their systems engi-
neers to program meetings to take action items rather than lead 
challenges to every requirement, assumption, constraint, ground 
rule, and the like, or provide real tradeoff and cost/benefit analy-
ses.  Systems engineers must be allowed to perform these es-
sential functions.  Unfortunately, many acquisition managers 
are not chosen for their systems engineering acumen—master 
degrees in business administration, accountants, lawyers, ad-
vertising executives, and other non-engineers and non-scientists 
are invited to take up vital management positions as they wait 
their turn to enter the corporate boardroom.  Instead, these same 
managers have learned that their most valued functions are of-
ten to win the deal, show corporate leadership, or just manage 
the customer, and often are not wise enough to engage quality 
systems engineers as a foundation to the program’s engineering. 

Failure to properly engage software engineers early in the 
program can lead to serious problems, even when the hard-
ware approaches are working out rather smoothly.  Since the 
final software system cannot be delivered until the hardware is 
in place, the software is usually the last thing delivered.  And 
when poorly resourced and not involved early in the program, 
problems inevitably occur.  As the problems occur, software 
system resources are tapped as a funding source.  Eventually, 
this bill must be paid. Finally, as the program’s hardware suf-
fers performance issues during development, subtle increases 
in the software requirements and complexity may be needed to 
cover these issues, further complicating software program de-
livery. Such late software problems can derail hardware engi-
neering successes, and many such failures have occurred over 
the decades.  In the 1980s, the Inertial Upper Stage Program was 
disrupted by late-blooming software problems after hardware 

solutions for the solid rocket motor system were set.  And, even 
today, after a decade and a half of work, space based infrared 
system (SBIRS) struggles with nagging and complex software 
problems.

Recognizing the need for effective systems engineering, a 
variety of Federally Funded Research and Development Centers 
(FFRDCs) have been engaged to assist the US Government as it 
acquires space systems, arguably providing important historical 
expertise and depth to help contain costs, achieve savings, and 
perform smart technical decision making. But, with so many 
large national security space programs spinning out of control, 
one wonders whether the taxpayer is getting his or her mon-
ey’s worth for these expenditures.  The taxpayer is not.  RAND 
highlighted this problem at the Air Force’s Space and Missile 
Systems Center (SMC) when it offered the following critique 
of its FFRDC support: “The cost-estimating process was organi-
zationally too closely associated with bureaucratic interests that 
held advocacy positions, making independent, disinterested cost 
analysis more difficult.”  RAND Corporation concluded that 
“[i]nadequate cost-estimation and risk-assessment methods and 
models were used (on SBIRS and GPS).”3  Confirming the au-
thors’ own observations and their discussions with senior lead-
ers in government and industry, RAND described SMC’s disap-
pointing FFRDC cost estimation support as being held hostage 
by bureaucracies and organizational funding politics: 

The ability to generate realistic and credible cost estimates … 
appears to have been negatively affected by the dominant in-
fluence exercised by program offices over the cost-estimating 
process and by the failure of senior Air Force leadership to insist 
on objective cost and technology risk assessments because of 
budgetary or other institutional reasons.

Many of the institutional challenges that we identified as having 
apparently influenced SMC cost analysts … are closely linked to 
budgetary politics and the competition among program offices 
and among the services for scarce acquisition dollars. Program 
offices competing for funding tend to lose objectivity and be-
come advocates for specific systems, as do the services when 
encouraged by Department of Defense to form joint programs. 
As one interviewee summed up the problem in a rather oversim-
plified but dramatic manner, “program managers generally will 
not allow realistic cost estimates of their programs because the 
result could be loss of budget or program termination.”4

In a related US Government Accountability Office (GAO) 
analysis, space program cost estimates were found to be unreli-
able, largely because requirements are not being fully defined 
and programs start with too many unknowns about technolo-
gies.5  Similarly, RAND observes significant cost estimating 
problems have arisen out of programs that have become more 
sophisticated and complex:  

The databases used in traditional space cost-estimating models 
became increasingly obsolete in this environment, and acqui-
sition reform measures eliminated much of the routine collec-
tion of new cost and technical data that had been common in 
the past. The increased technological complexity of proposed 
new military space systems challenged the technical and system 
engineering knowledge of the government acquisition officials 
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tasked with the job of assessing proposals and contractor prog-
ress—at a time when the acquisition workforce was experienc-
ing significant downsizing.”6

Late science and technology (S&T) spending to address tech-
nical challenges generates considerable risk.   Satellite acquirers 
often start programs much too early, before needed technologies 
are ready to deploy on a spacecraft or in its support systems.  
Managers cheat their programs by working S&T as a program-
matic “risk reduction” activity, rather than waiting for a needed 
technology to mature.  If these technologies were developed 
with on-ramps into the program with an achievable, but maybe 
not as capable, baseline, a manager could design his or her pro-
gram to field working systems, on-cost and schedule, and pro-
vide for upgrades in later blocks.  However, the current practice 
is to select these technologies as a baseline without planning 
for off-ramps in event they fail.  In addition, cost and schedule 
reserves to work around inevitable issues that arise with devel-
oping new technologies are not put in place. 

As demonstrated by recent program failures, allowing tech-
nology development to carry over into system development dra-
matically increases the risk that significant problems will be dis-
covered late.  Solving problems at that juncture often requires 
significant time, money, and effort.  Furthermore, where there 
are critical technology unknowns, a program cannot reliably es-
timate the resources needed to complete a program.7  The nega-
tive consequences of all this “just-in-time” thinking has become 
all too real as space program after program has busted its budget 
due to one technology issue or another.  

Of course, some argue space acquisition efforts should be 
leading edge activities, pushing the proverbial “envelope.”  
These optimists argue that technology readiness levels (TRL) 
can be lower, and the latest and very best just-in-time technolo-
gies should be used.  Unfortunately, planning acquisitions with 
overly ambitious TRLs or imagined technologies without ade-
quate on- or off-ramps to add or remove planned technologies to 
the program, often devastate the engineering of complex space 
systems, as demonstrated by the SBIRS and doomed future im-
agery architecture (FIA) efforts.  Current spending problems are 
directly “attributable to programs starting before they have as-
surance that capabilities being pursued can be achieved within 
available resources and time constraints.”8  Technology weak-
nesses are thus causing problems to a whole host of DoD acqui-
sition efforts.  The GAO linked the deficiencies to failed contract 
management weaknesses as follows: “[U]nstable requirements 
and immature technologies are the most significant contributors 
to cost and schedule increases, and not just for space acquisi-
tions but all DoD weapons acquisitions.”9

DoD cost estimates for space systems are consistently opti-
mistic.  These problems are rooted in “the failure to match the 
customer’s needs with the developer’s resources—technical 
knowledge, timing, and funding—when starting product devel-
opment. In other words, commitments were made to achieving 
certain capabilities without knowing whether technologies and/
or designs being pursued could really work as intended.  Time 
and costs were consistently underestimated.”10

Initially, it may be less exciting to develop a program based 
on a known path with modest technology on-ramps arranged for 
technology insertion as it matures and with conservative cost es-
timates.  But such programs are more likely to achieve success 
than planning for one that selects a high-risk path technology 
solution to solve its budgeting problems. 

The GAO also reports the technical and cost problems have 
been exacerbated by political wrangling:

[S]pace systems may suffer from more requirements pressures 
than other weapon systems because there is usually a very broad 
constituency—contractors, military services, civilian users, ad-
ministrations, and Congress—behind each satellite program. 
This creates challenges in making tough tradeoff decisions.11

Unrealistic funding realities.  In the current competitive 
environment, where programs are considered do-or-die for a 
company, program managers and business executives are under 
extreme pressure.  Large flagship spacecraft programs are not 
easily funded, and competitions are not easily won. Some might 
“underestimate costs and over-promise capability, and [create] 
a host of negative incentives and pressures” in order to win.12  A 
space program manager’ success often is measured in terms of 
his or her ability to obtain continued funding and team employ-
ment, not in achieving mission success.  

The pressures to win are longstanding. Acquisition efforts 
can extend for decades.  The space community covets these 
funding streams.  Once started, it also is extremely difficult to 
cancel a program—often due to significant political pressures 
among government agencies, legislators, industry, and other 
interested parties who serve as patrons for each project.  For 
example, the Defense Support Program and a number of its pro-
posed follow-on programs, such as SBIRS, have been around 
since the 1960s this stream of funding has nursed a generation 
of steady engineering and program jobs and large numbers of 
space professionals.13

These realities encourage US government agencies to start 
more programs than they can afford.  Why?  Programs and their 
funding beget stability and success for an agency, contractors, 
and their political sponsors.  Managers often try to leverage 
separate interests by inserting new requirements into related, 
large program baselines to secure funding for them. As a result, 
demands or suggestions to change requirements on large sys-
tems tend to grow over the life of a long-duration program. The 
requirements levied for these associated programs have been 
substantial and difficult to satisfy.  

Several negative consequences arise from all of this:

• Because programs are funded annually and priorities have 
not been established, competition for funding continues 
over time, forcing programs to view success as the ability 
to secure the next installment rather than the end goal of 
delivering capabilities when and as promised.

• Concurrently, when faced with lower budgets, senior ex-
ecutives within the Office of the Secretary of Defense and 
the Air Force would rather make across-the-board cuts to 
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all space programs than hard decisions as to which ones to 
keep and which ones to cancel or cut back.

• Having to continually “sell” a program creates incentives 
to suppress bad news about a program’s status and avoid 
activities that uncover bad news.

• When combined with the high cost of launching demon-
strators into space, the competition for funding often en-
courages programs to avoid testing technologies in space 
before acquisition programs are started.14

The funding and political challenges within the US govern-
ment that affect efforts to acquire space systems can be seen 
in how NASA has chosen to deal with Mars Science Labora-
tory (MSL) expenditures.  NASA’s leadership has chosen to “do 
what it takes to fund the rover. Many NASA science projects … 
have taken a small hit to pay for the overruns.”15  The agency 
now tries to spread the pain, where all funding is fair game to 
pay for the problems.16  Acquisitions that enter the confluence 
of these funding and political pressures and their masters have 
been cancelled, then reinstated after NASA received significant 
backlash for imposing the cuts.17

Unreasonably pushing the technology envelope with un-
stable requirements.  Competitions to start a new program are 
intense.  They foster strong incentives for competitors to make 
a system stand out compared to existing or alternative systems.  
Funding constraints place a high priority on making a program 
appear affordable.  Program sponsors are encouraged, therefore, 
to submit cost estimates that will fit within funding constraints. 
These limitations generate incredible pressures, forcing pro-
gram managers to propose using exotic leap-ahead technologies 
as a solution.  This, then, places incredible strains on programs.  
“Instead of forcing trade-offs, challenging performance require-
ments—when coupled with other constraints, such as cost or the 
weight of the satellite—can drive product developers to pursue 
exotic solutions and technologies that, in theory, can do it all.”18  
Such was the case with the FIA acquisition.  

Echoing this point, the GAO has offered the following ob-
servations:

Space acquisition programs have historically attempted to sat-
isfy all requirements in a single step, regardless of the design 
challenge or the maturity of technologies to achieve the full ca-
pability. There is a variety of reasons for this, including a desire 
to include the most advanced technologies onboard satellites, 
particularly in view of the length of time it takes to develop 
space systems. However, this approach invariably increases the 
technology challenges facing programs, and thus, the risk that 
costly problems will be encountered.19

The need and desire to stand apart from the crowd afflicted 
the MSL program.  The NASA Mars Exploration Program ad-
vertised MSL as “the most challenging planetary mission that's 
ever been flown… pushing the envelope in a number of areas, 
and it just kind of built up.”20  Indeed, the NASA Mars rovers, 
Spirit and Opportunity, were designed to look only for water.  
In contrast, the MSL program team has undertaken a Hercu-
lean task—developing a system that can search for the mol-

ecules considered to be precursors to life and for evidence of 
microbes at work.  These mission requirements demand a large 
machine that relies on nuclear power, rather than what the first 
rovers used—solar panels. In addition, the MSL will carry a full 
chemistry workshop and a robotic drill arm for gathering rock 
samples.21  All of this is terribly challenging and has created 
intractable frustrations.  Even NASA concedes the point, that it 
“underestimated what it was going to take.”  To do MSL right, 
the agency inevitably will “need more funding.”22

Overly optimistic planning estimates.  Nearly all space pro-
fessoinals have worked on one or more programs that have ha-
bitually slipped their schedules.  The authors worked together 
on one program that was four years from launch when they 
started.  Yet, when they left the program, years later, launch was 
scheduled to occur more than four years later.  Acceptance of 
delay and problems on programs such as SBIRS, Advanced Ex-
tremely High Frequency Satellite, James Webb Space Telescope 
(JWST), or MSL, however, is a luxury the space community is 
fast losing.  Schedule slips are driving cost growth, and these 
trends must be reversed.

Successful space acquisition efforts need adequate budgets 
with program reserves and executable schedules with margin.  
However, there is a recent maddening tendency to drastically 
limit programmatic reserves and margin, handcuffing a program 
manager from a program’s start.  In addition the budget process 
tends to preclude long-term and multi-year funding baselines.  
Further complicating the challenges, large space programs face 
new and dramatically increased scrutiny and oversight, espe-
cially given recent troubling cost and program cancellation 
trends.  Adding insult to injury, the increased scrutiny invites 
more bureaucratic oversight and overhead expense that pro-
grams can ill afford.  

As a counterintuitive consequence of optimistic planning, 
spacecraft and constellations developed under these pressures 
are often out-of-date even before their first launch.  As noted by 
Paul Brooks, Surrey Satellite Technology Limited’s vice presi-
dent of sales:

When a satellite is being designed the owners look for ways to 
extend its mission.  The designers then put more payloads on 
the spacecraft to deliver more value, but then the cost goes up…
This creates more financial risk which then requires greater as-
surance that everything will work as planned.  The greater assur-
ance lengthens the lead time.  You ultimately end up with very 
large missions and by the time the payload is launched, it is out 
of date.  We noticed that this pattern repeated itself in the satel-
lite industry and, unlike other technology-driven markets, there 
weren’t huge increases in performance and large decreases in 
cost.  We believe that Moore’s Law should apply to spacecraft 
as well.23

Launch vehicle selection drives program complexity and 
launch rates drive launch vehicle economics.  Spacelift is very 
expensive, and must be, despite the dreams and longing of pro-
gram managers and science fiction buffs. That’s too bad, but all 
too real; the reality must not be ignored. The costs of sustain-
ing a standing army and fixed infrastructure at launch sites are 



High Frontier   12 

substantial.  There are absolute costs associated with purchasing 
propellants and other expendables needed to safely lift systems 
to orbit.  These always will be substantial given the chemistry 
involved with rocket propellants.  Fabrication of launch vehi-
cles also is a complex task, where even small errors can cause 
catastrophic failure.  This demands rigorous engineering disci-
pline and time.  Fabrication should only be performed by highly 
skilled and trained space professionals.  Mixing, pouring and 
forming a solid-rocket motor is still an art, one mastered only by 
accomplished virtuosos of chemistry and engineering.    

Some argue these expenses could be amortized over a large 
number of space launches, to achieve economies of scales.  But 
that only can happen, if at all, when there is a need for many 
launches.  Even though the false prophets for regular and ready 
access to space would wish differently, there is no such need.     

This is not a new issue.  After the Mercury, Gemini, and 
Apollo program successes during the 1960s and early 1970s, 
NASA leadership desperately huddled to identify and develop 
missions to continue and expand what has turned out to be its 
half-century Holy Grail—the manned spaceflight mission.  As 
a result, NASA moved aggressively to develop the reusable, 
manned space transportation system or space shuttle during the 
1970s to transport crew members and payloads into low Earth 
orbits (LEO).  The system originally was billed as one that 
would launch spacecraft once a week and reap low launch costs 
through amortization of a fixed launch infrastructure, standard-
ized launch processes, and reusable space vehicles and solid-
rocket boosters.  As one would expect, the shuttle’s develop-
ment costs were advertised as being recouped through frequent 
access to space.  Plans, concepts of operations, and procedures 
detailed probable attainment of these launch rates.  The ambi-
tious claims of efficiency and technical prowess were made in a 
conscious effort to secure funding from the US Congress.24

Of course, NASA over-promised the shuttle economies of 
scale.  

Originally described as operating somewhat like a com-
mercial airliner, with a big-rig, tractor-trailer shaped cargo bay, 
NASA boasted that after landing, the orbiter would be checked 
out, and then “mated” to the rest of the launch stack (the exter-
nal tank and solid rocket boosters), and stand ready for launch 
within only a few weeks.   This ground processing turned out to 
take months.  Attempting to fuse a reusable vehicle with 1970s 
technology drove a number of design compromises.  Complex-
ity was inevitable.  This added weight, which in turn reduced 
payload capacity and constrained launch and de-orbit options.  
Ceramic tiles were selected to shield the orbiter from heat on 
reentry and save weight.  This engineering innovation gener-
ated a logistics nightmare, because the tiles turned out to be 
very expensive and time-consuming to repair and replace.  Fur-
thermore, the shuttle system had to be man-rated, certified as 
safe for astronauts to launch, work on-orbit, and return safely 
to Earth.  Each aspect of the shuttle’s complex hardware sys-
tems had to function perfectly, because there were no survivable 
abort modes in many of the failure scenarios.  This all generated 
the requirement that the system be carefully inspected before 
each flight, which conflicted with any goal to launch payloads 

cheaply and quickly.  
Even NASA’s famed can-do bureaucracy became part of 

the shuttle’s problems and led to the system’s 1986 Challenger 
launch and 2003 Columbia reentry catastrophes:

While the technical details of the accidents are quite different, 
the organizational problems show remarkable similarities. In 
both cases events happened which were not planned for or an-
ticipated.  In both cases, engineers were greatly concerned about 
possible problems but these concerns were not properly com-
municated to or understood by senior NASA managers. In both 
cases the vehicle gave ample warning beforehand of abnormal 
problems.  A heavily layered, procedure-oriented bureaucratic 
structure inhibited necessary communication and action. In both 
cases a mind set among senior managers developed that concerns 
had to be objectively proven rather than simply suspected.25

Some proponents of manned space flight optimistically 
claimed the system would fail only once in 10,000 launches, at 
a time when the best US launch system was failing during four 
percent of its launches.  The first major failure of the shuttle 
system occurred on its 25th launch, resulting in a 4 percent fail-
ure rate.  NASA worked hard to resolve the shuttle’s bureau-
cratic, logistical, and engineering nightmares; but the concept 
of weekly, even monthly, missions proved nearly impossible.  
When flights were halted pending lengthy safety reviews after 
each mission loss or significant technical problem, launch cam-
paigns further slowed.26  The design problems and resulting ca-
tastrophes induced NASA managers to restructure system oper-
ations and sustainment practices.  This, in turn, imposed a high 
labor cost on NASA’s operations, requiring tens of thousands 
of workers to continue operations; labor costs spiraled upwards 
totaling about $1 billion per year.27  Unfortunately, even though 
the shuttle and its heroic crews have proven able to achieve all 
the originally identified experiment, lift, and on-orbit repair ob-
jectives, the system just was too expensive and complex.

Justification for funding the manned space shuttle space 
transportation system, the evolving expendable launch vehicle 
(EELV), even more recent spacelift systems, have been rooted 
in themes now shouted out by present-day operationally respon-
sive space (ORS) carnival barkers—enhanced flexibility and 
significant savings in systems costs and time.  Unfortunately, 
cost savings and responsiveness for expendable ORS systems 
have not been achieved, and the sought-after combination of 
flexibility and savings has not been found.  Even relatively 
small launchers have their cost, reliability, and schedule is-
sues.  As noted by industry analyst Jeff Foust, “While Pegasus 
and Taurus were designed for relatively high launch rates and 
launches on short notice; in practice these attributes have not 
been utilized.”28

“Orbital [Sciences Corporation] designed the Pegasus launch 
vehicle to carry out one to two launches a month…with a surge 
rate of one a week.  The Taurus, meanwhile, was designed to 
launch on a plat pad on just eight days’ notice.”29  But, as of 
May 2011, the Pegasus has only flown 40 times, 37 successfully, 
since a first flight in 1990.30  Taurus has conducted nine launch-
es, six successfully, since 1994, and failures in three of the last 
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four launches.31   Fairing separation problems have been cited 
as reasons for failures on two of the launches which involved 
two Earth monitoring missions: the 2009 $273 million Orbiting 
Carbon Observatory and the 2011 $424 million Glory climate 
change monitoring satellite missions.32  The economies of scale 
needed by the Pegasus and Taurus systems for flexibility and 
savings can never be achieved with a relatively modest number 
of launches needed to sustain planned constellations.  A study 
performed in 2001 by the Center for Strategic and Budgetary 
Assessments showed the Taurus pound-for-pound was the most 
expensive system to place a satellite in LEO or geosynchronous 
Earth orbit orbits among the 16 LEO-capable expendable launch 
vehicles and 10 geosynchronous transfer orbit boosters33.  Still, 
“[n]o matter who is the service provider, space launch costs are 
staggeringly high. Driving down the cost of launch has been 
the subject of a host of studies and government panels, and the 
buzzwords of many a corporate business presentation to meet-
ings and seminars.”34

Reducing costs was also the idea behind the 1990s X-33 and 
X-34 reusable space launch technology development initiatives.  
They were cancelled because of technology failures and the as-
sociated outlays. 

The cost issue for heavy-lift vehicles drove the Air Force 
from the Titan IV launch system to the EELV.35  Both the Lock-
heed/Martin Atlas V and Boeing Delta IV EELV systems have 
completed successful launches.  The two product lines are tre-
mendous engineering marvels, and they have delivered lower 
total launch costs per pound than did the Titan IV system they 
replaced.  The original business plan for both systems, howev-
er, depended unrealistically on a thriving commercial demand 
for launch services.  Low launch rates adversely affect costs, 
especially since subcontractors supporting the EELV systems 
produce scarce components on an annual base. And, there are 
tremendous inefficiencies in carrying production lines, people 
and facilities capable of handling much higher launch rates.  
The EELV programs did meet some of their overarching cost-
reduction goals by simplifying launch processing and payload 
interfaces, but the two vendors did not capture enough of the 
commercial market to meet projected reductions in life-cycle 
costs.  Consequently, the Air Force and industry shareholders 
were induced to invest billions to develop two new families of 
launch vehicles that will largely be used for just US government 
national security and civil space payloads.  This has resulted 
in higher overhead costs to the DoD, and the US has lost an 
opportunity to maximize the competitive posture of its domes-
tic industry. Eventually, given the ongoing cost challenges, the 
Atlas and Delta lines were consolidated into a joint venture: the 
United Launch Alliance.  

“Sunk-cost” arguments - “We are already in too deep to 
stop now.”  When the International Space Station (ISS) is com-
pleted in 2011, total investment in the system will exceed $125 
billion.  The Bush administration’s Vision for Space Exploration 
had outlined using the ISS for five years after its completion 
as a test-bed for exploration and then allowing the program to 
come to an end.  However, the Augustine Committee has now 
made the argument that such an investment in ISS should not 

be wasted.  Partner nations in the ISS are endorsing the idea 
of continuing the program.  If the recommendations are fully 
implemented, operations for the ISS will continue for at least 
10 more years, until 2020 and beyond, instead of the five years 
originally planned.  The problem is that to maintain and operate 
the ISS costs the US approximately $3 billion per year.  Over 10 
years, that will amount to $30 billion out of the NASA budget.  

In evaluating the argument for continuing the program, one 
must concede the point that the money used to assemble the ISS 
already has been spent.  Since NASA’s budget will no doubt 
be relatively flat for the foreseeable future, this means $3 bil-
lion a year has to come at the expense of other priorities like 
new Earth Science missions. The questions that NASA and the 
White House need to answer are: Is the $30 billion best spent 
on the ISS, which to date has not delivered on any of its techni-
cal promises?  Or, is the $30 billion better spent on something 
else, perhaps on getting humans out of LEO for other missions?  
Money can be saved, costs avoided, and funding better targeted 
on needs and wants if these questions are confronted realisti-
cally. 

The government is not acting and thinking strategically.  
Space programs now experience exasperating material failures 
(parts, subsystems and subassemblies, batteries, solar panels, 
out-gassing materials, etc.).  This is due, in part, to a collapse 
of the US space industrial base and funding instability. It also 
results from marginal accountability for poor performance by 
providers of specific materials. 

Furthermore, there is too much oversight on tangential issues, 
as demonstrated by the 243 “shalls” in the NASA Authorization 
Bill only 15 of which have to do with money and funding.36  
The Vision for Space Exploration was planned to accomplish an 
important national mission, but it now is fast evolving into an 
initiative designed to just protect “jobs.”  All of these examples 
are symptomatic of a government failing to act and think stra-
tegically.

On FIA, the US government was so desperate to stand up a 
competitor to Lockheed Martin that it ignored warning signs 
and obvious flaws in Boeing’s proposal and selected it.  FIA is 
a bell-weather of a gathering acquisition “perfect storm.” Man-
agers now are asked to architect programs that consciously are 
non-executable; and cost-plus contracts have not discouraged 
buy-in bids by industry competitors.  Indeed, US space industry 
competitors legitimately know that if they lose, they are essen-
tially out of business; this forces “death bids” where a contrac-
tor finds it is better to be on contract and under bid than on the 
street.37  The US government fostered this outcome through its 
acquisition practices.

Sometimes, US government strategy is to select a qualified, 
but not the best qualified, bidder in order to preserve the contrac-
tor industrial base.  During the  JWST competition, for example, 
some believe Northrop Grumman signaled they wanted to get 
out of the civilian space market.  NASA, however, desperately 
wanted to keep a third large prime in its contractor mix and a se-
rious competitor to Lockheed Martin in large optical telescopes.  
In the authors’ opinion, there was a strong US government bias 
to select Northrop Grumman.  As it turned out, the TRL for the 
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Northrop Grumman technical solution was too low when bid. 
Faltering industrial base.  Engineering, science and indus-

trial innovation and excellence have secured the success won by 
the space industry and its cutting-edge global leadership over 
most of the past half-century.   This success also is linked di-
rectly to a vibrant and flexible work force, and to their facilities 
and programs. Now, as a consequence of the long-term failure 
of government, industry and academia to act strategically, the 
US space industrial base suffers from the following effects:

• Shrinking workforce.
• Reductions in new programs.
• Elongation of the development cycles.
• Inadequate societal math/science education and prepara-

tion all pose considerable challenges and the dangerous 
potential to derail future successes.  

• A decades-long decline in S&T investment.

In short, we are losing the “bench-strength” needed for pro-
gram success. While there has been hand-wringing in public 
forums, these long-term issues are not perceived and have not 
been treated by industry executives and their corporate money 
changers as important. Their attention is directed instead to 
short-term gains and profits;  understandably, they focus on 
keeping a company’s stock performing at its best.  

Misguided priorities have forced program managers to inte-
grate S&T spending as an integral part of their program plans 
in an attempt to deploy technologies needed to win a bid or pro-
gram approval.  As noted by the GAO and directly observed by 
the authors over the last three decades:

[T]here is a tendency among space system acquisition programs 
to take on technology development that should occur within the 
S&T environment.  Reasons for this include the greater ability 
to secure funding for costly technology development within an 
acquisition program versus a science and technology program, 
a belief among the acquisition community that labs in charge 
of developing space technologies do not adequately understand 
their needs, as well as communication gaps between the S&T 
and acquisition communities.”38

The 1990’s experiment in Total System Performance Re-
sponsibility (TSPR) has compounded the space community’s 
industrial base woes, even though it was, specifically to off-
set the effect of the DoD’s dramatic reduction in force and the 
devastating loss of its engineering and acquisition talent. The 
thinking behind TSPR was, as the name implies, to give total 
system performance responsibility to a contractor.  It was hoped 
this would achieve savings and efficiencies by reducing intru-
sive government monitoring and letting contractors work to 
achieve programmatic success.  It was argued that TSPR also 
would give the contractor the flexibility to simplify the integra-
tion of all aspects of a program, determine the best resources 
to get the job done, and reduce costs by eliminating redundant 
management systems.39  Unfortunately, some space contractors 
did not effectively deploy TSPR on several very expensive and 
important space acquisition programs. They also received the 

increasing TSPR contractor responsibilities while the DoD was 
cutting program budgets.  As a result, the programs suffered, 
and valuable experience in working through significant systems 
engineering challenges was lost by a generation of government 
program managers and engineers.

The US government, industry, and academia have allowed 
the US industrial base to languish in other ways.  For example, 
“smart buyers” are hard to find in government; many space ac-
quirers lack significant management or engineering skills and 
experience.  Emblematic of inexperience and lost expertise in its 
space acquisition, the Air Force teaches the SBIRS debacle as 
part of its space professional National Security Space Institute 
and points to management problems as the cause.  Unfortunate-
ly, very few of its instructors have the experience or expertise to 
synthesize what to tell students about better management strat-
egies or engineering solutions that could or should have been 
employed to avoid the program’s failures.40

Stunts being used as a substitute for mission value. Demon-
strations have value.  They can provide visual evidence of what 
can be done or should not be done.  For example, the Mercury 
and Gemini programs demonstrated and validated technologies 
and operations necessary for success in the Apollo Lunar pro-
gram. 

Demonstrations must be distinguished from stunts, tests that 
look spectacular  but prove no usable or scientific point. Stunts 
often indicate the last gasps of a failing program.  One of the 
authors helped fight a proposed stunt on an Strategic Defense 
Initiative Office program.  The need for a demonstration of the 
program’s technology was questionable.  The program also was 
facing huge cost overruns.  That was when some proposed mod-
ification of the demonstration to make the overall program ap-
pear more thrilling and dramatic.  They excitedly proposed put-
ting detectors on a missile linked to a system that would cause 
the missile to self-destruct when it detected laser illumination.  
It was hoped the proposed demonstration would look spectacu-
lar on video, thereby garnering even more support for a space-
based laser system.  But, video of the stunt would have created a 
false impression that the technology being demonstrated could 
somehow be used for missile defense purposes, and the false 
impression that the illuminator laser actually had destroyed the 
missile.  Clued through side channels to its potential problems, 
SDIO management wisely deferred, and ultimately declined to 
endorse and fund the stunt.  The SDIO director then moved to 
curtail the program and effectively cancelled it, saving US tax-
payers several hundred million dollars on an effort that was go-
ing nowhere fast.  These bureaucratic machinations pre-dated 
and nearly echoed the 1985 M247 Sergeant York DIVAD (Di-
vision Air Defense) scandal, where it was alleged system tests 
had been misrepresented, and that program also was ultimately 
cancelled.41

Similarly, some argue the recent NASA Lunar Crater Obser-
vation and Sensing Satellite (LCROSS) mission was a just a 
public relations stunt.  The $79 million mission supposedly was 
conceived to find evidence of water on the Moon.  The mis-
sion involved vectoring a two-ton Centaur rocket to hit the floor 
of a crater near the Lunar south pole.  NASA scientists hoped 
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that dust and vapor kicked up by the impact would climb high 
enough to catch sunlight, allowing a satellite trailing behind the 
rocket to hunt for traces of Lunar water in the ejected debris. 
In addition, the Hubble Space Telescope and many Earth-based 
observers also were recruited to watch for a plume of debris ris-
ing from the impact site.42

But, the mission was not chosen through NASA’s scientific, 
peer-reviewed selection process that follows the National Re-
search Council’s Decadal Surveys.  Apparently, it was selected 
by the NASA Exploration Office only as a means to generate 
excitement for Lunar exploration.  Indeed, during the weeks be-
fore the LCROSS mission crashed into the moon, scientists in-
volved with the mission were predicting very little, if anything, 
would be seen from the impact–despite a well-publicized obser-
vation campaign.  They argued the mission could not deliver a 
meaningful result, even if it managed to find evidence for water 
on the Moon.43

Critics contend that the mission generated too little scientific 
value to justify its price tag and created additional cost and com-
plexity to the more important Lunar Reconnaissance Orbiter 
(LRO) mission.  LCROSS was launched with the LRO system.  
Others questioned whether the LCROSS mission made any 
sense at all.  According to Paul Spudis of the Lunar and Plan-
etary Institute, “LCROSS was not a sound strategy to pursue if 
your objective was to answer the question, is there water ice on 
the moon? And if so, where is it and what is its state?”44  Spudis 
contended the mission would not say anything definitive about 
the moon because it could simply mean that scientists were un-
lucky in hitting a dry patch.  On the other hand, a positive de-
tection of water would not provide any information about the 
extent or distribution of ice on the Lunar surface, which Spudis 
said was the point of looking in the first place. “That tells me the 

Figure 2. NASA Lunar Crater Observation and Sensing 
Satellite.

fundamental rationale behind the mission was flawed.”45  Spudis 
argued that a better, albeit more expensive, alternative would 
be a series of missions culminating in a rover.  The rover could 
move from sunlit to dark regions near the poles to compare 
Lunar environments and characterize any ice found.  “Instead, 
[NASA] came up with a PR stunt, and it kind of backfired.”46
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