CHAPTER VI

“ At least when | get arrested it’s only my personal self that isin danger.
With this launch, the whole world is at risk.”
Beth Lavoie, 22, upon the occasion of her arrest during a Cassini protest October 4, 1997
(asreported by Reuters News Service)

CONCLUSION

Studies of risk perception have little or no vaue if they remain in the redm of the merely historical.
Solutions for NASA will comein severd forms. The socid sciences can provide the contribution of
reflexive interdisciplinarity* to improvement of NASA' s risk assessment and technology policies. The
choices that humans make are in many ways undeterminable.. However, human choices underlie not
only the problem, but aso the potentid solutions. The socid sciences can provide an understanding not
only of future choices, but dso provide a context for understanding past choices, i.e., “the exiging socid
commitments that have set the world on its present course’ (Rayner and Malone 1998; page xiv). Thus,
an important god of this study isto provide NASA away to bridge the gap in understanding illustrated
by the Stop CASSINI! campaign so asto build afuture in which the dire predictions do not come true,
and in which the future is not planet-bound-in other words-to find away to Mars without bringing the
“inevitability of nuclear destruction” with us.

The StoP CASSINI! campaign objected to the Cassini mission on the following counts:

1. NASA provided inadequate assessment that did not include multi-failure mode testing and hed
inadequate explanations of the risk.

2. Therisk to the citizens and visitors to the region around the Kennedy Space Center, while low in
probability, had very high consequence. Nor was the liability to be born by NASA aone—the public

! Reflexivity: applying one' stheoriesto one’'s understanding. Interdisciplinarity: drawing from different disciplines,
and applying synergy.
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would bear the cogts of the consequences. NASA was not perceived as trustworthy enough to
provent accidents.

3. Therisk to the globa population was untenable for a scientific project. The protestors did not fed
that the United States was truly respongible for the lives and well-being of dl humans. No one asked
globa consent before increasing globa risk.

4. The potential destructive capabilities that humans have created on Earth must not be carried into the
future or onto other planets. The protestors based their opposition on strictly mord, srictly future
terms and objected to NASA’s counter proposition. An incommensurability of world views fueled
the controversy.

NASA's response to the public risk perception has been shown to be incomplete with respect to such
socid values and goals. The future consequences of NASA's incomplete assessment may include
ggnificant socid protest over the long-term socid implications of nuclear technologies for space
exploration. Such socid protest has the potentia to delay or stop future missions and thus comprises a

ggnificant dement of programmatic risk to NASA'’s proposed human exploration of Mars.

Recommendations

The objections listed above span a considerable range of issues and concepts. Fird thereisthe
objection to the method of risk assessment. NASA could respond by undertaking multi-failure mode
testing, and if necessary, revising its assessment. Programmaticaly, this may be the easy pat. NASA’s
assessment could also address the socid issues inherent in the loss of livelihoods and environment in the
event of alow-level launch accident. Well designed studies that assess public perceptions and values

regarding risk and space exploration “can be helpful to policymakers’ (Thompson and Rayner 1998,

page 272).
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The second objection, the high consegquence in the event of a plutonium release during launch, could be
countered by along-term safety record and a demonstrated high level of concern for safety. However,
arguments can be brought to play that no organization is ever safe enough to totally remove arisk

(Heimann, 1997, page 175):

“Can risky technologies be managed so as to achieve error-free operations for extended periods of
time? Normal accident theorists claim the answer is no—major system failures are inevitable—
according to these scholars. Ultimately, they are correct... Thus, we are left to conclude that major
accidents will periodically occur despite our best efforts... Perhapsthe real goal ought to beto
reduce the frequency of accidentsto aslow alevel as possible... Political viability may even ensure
that some form of failure will eventually occur in even the most diligent agencies, but it is possible to
limit the potential level of failure an organization experiences.”

ISNASA in ano-win stuation? The NIMBY acronym suggests that certain concerns about the risk will
be reduced if the risk were removed to someone else’' s backyard. Perhaps a backyard that is less
populated and with a less fragile environment would suffice. The Lockheed Martin Seal_aunch project

with its floating launch platform represents a possble solution to these objections.

The third objection—to the possibility of plutonium vaporizing high in the amosphere—isamord
concern that cannot be decided upon by one government or even afew governments. Nations seeking to
protect themsalves from threat of nuclear war have not sought the permission of other nations when
testing nuclear weapons and nuclear test ban treaties have served as a deterrent not an end. However, is
the peaceful exploration of space adifferent case? The Cassni protestors certainly thought so: the FCPJ

ingsted the risks resulting from scientific research should be approved by dl nations.
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Also, the number of predicted globa desths from an increase in plutonium would be the result of a
failure by the United States to protect the citizens of the Earth. NASA maintained that even if the
plutonium were to disperse within the atmosphere, on agloba basis the numbers of cancers generated by
this new source would be “drowned out” by the frequency of dl the other cancers that are expected to
result in the next 20-50 years. The example, while putting the numbers in context, dso impliesalevd of
disregard for individud life that many find unacceptable, and leads to a Stuation in which “perception that
the government tolerates risks to the public might be more damaging than the risks themsdves’

(Zeckhauser and Viscus 1990, page 560).

The fourth objection—to the use of al nuclear technologies—is made more complex by the protestors
willingness to take respongbility for al future generations. How will managers for an internationd Mars
program—which dso is responding to future generations—answer the chalenge? The programmatic risk
isggnificant, especidly when other long-term intractable terrestriad environmenta issues, such as globd
warming and the increasing scarcity of foss| fueswill so contribute to power debatesin generd. An
anti-nuclear reaction to an increased demand for nuclear power (as alow to negligible CO, emitter) isa

potential that has been addressed by the nuclear power industry (Wilson 1992).

In order to confront these last two issues, NASA’ s risk assessment ought to include not only the
technica assessment which is coupled with asmple definition of the perception of the risk. It should aso
include a subjective assessment of the conceptua framework and vaues tha are a part of the argument
(Fischhoff 1994; Thompson and Rayner 1998). Reflexively questioning initid assumptions, not only

about the risk, but also about the methods used to assess the risk and the perception of the risk by
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society, may result in asynthesis of technological risk and socia perception, or at leedt, forestall some
conflicts by publicly identifying unacceptable solutions and concentrating attentions on critica and
unsolved issues (Fischhoff 1994; Kunreuther and Slovic 1996). The Harvard Group on Risk

Management Reform (1995, page 4) stated the case clearly:

“Policy makers should... be influenced by important subjective factors such as whether risks are
controllable by individuals through personal actions, whether risks are potentially catastrophic and
irreversible in their consequences; and whether the risks and associated benefits are fairly
distributed among citizens.”

To the extent that assessment of risk, and disagreement about the risk, becomes acentrd issuein a
politica campaign or a source of contention between socid groups, it will be vigoroudy brought to
greater public attention by one side or the other, dways imbued with vaue-based interpretations
(Heimann 1997). The Stop CASsINI! campaign had locd political impacts due to the Cassini misson's
potentia catastrophic effects on the economy of the region (60 Minutes). A nuclear-powered human

mission to Mars will add consderable topics for debate, pro and con.

SOCIAL PROTEST AND MARS

Between the successful launch of Cassini and the beginning of a specific Mars program NASA hasthe
opportunity to change palicies that simulate the anti-nuclear protest. By modifying its technica risk
assessment techniques NASA can wesken the NIMBY argument. Risk assessments need not be
“abgtruse cabdigtic exercises of incredible complexity” and ought to be reasonably straighforward
attempts at communication (Goldstein 1996, page 67). By changing its misson design protocol to

include public discussion in the crestion of mission gods and requirements, NASA will begin to wesken
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some NOPE arguments by strengthening the argument for Solar System exploration, even if nuclear
energy isrequired as the enabling technology. Findly, the diffuse, mord threat from the NOSE argument
can only be answered by a strong affirmation of the ultimate god of space exploration, the release of
humanity within the solar system. This mechanism will broaden the possible range of responses.

Sarewitz notes that (1997, page 182-183):

“At present, most citizens have only two options for involving themselves in decision making about
science and technology—the diffuse mechanisms of voting, and the direct but often unmediated
local action that is commonly associated with not-in-my-backyard sentiments. A middle ground that
enhances opportunities for public participation, while also providing mechanisms for technical input
and open dialogue between scientists and the laity remains to be defined... It does depend on the
creation of avenues by which the public judgment can be brought to bear on important issues of
science and technology policy, and on granting the public a stake in decision-making processes.
The policy goal is not to substitute ‘common sense’ for technical knowledge but to allow democratic
dialogueto play its appropriate rolein decision making that isinevitably dominated not by
authoritative data but by subjective criteriaand social norms.”

To some extent theissue a hand is part of awider problem—"humankind’ s disturbed relationship with
nature” (Thompson and Rayner 1998, page 273). It could become a precursor of socid reaction to

come if the basic perceptions underlying the protest are not better understood by NASA.

Will socid discourse be beneficid? Understanding the context of the protest is valuable to understanding
the political arenain which the argument will take place. The socid sciences provide mechanisms for
making explicit the complex framing of socid responses to technology choice. The socia sciences
aready supply an extensive body of research in understanding the processes by which societies perceive
risk, and the public policy practiceswhich are impacted by those processes (Jasanoff and Wynne 1998).
The socid sciences can provide the context, the reflexive examination of assumptions, and the layered

understanding that will enable NASA to fully inform its decisons. Discourse on space exploration will
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inform the possible range of responses to choices of technology. As noted by Rayner and Maone

(1998, page xvi) in andysis of globd climate change:

"the social sciences remind us to question assumptions and propositions that those who are already
committed to a course of action may take for granted. For instance, the conscious choice of
responses arises only after we have chosen which issues to take seriously."

Centering the discourse on socid godss, and not on science gods, can change the frame of reference, and
possibly change not only the mativations of the individuas and organi zations performing research, but
socid perceptions as well. Studies that provide socid models for how science works can help
decisonmakers understand how science performs in abroader socia context. Hopefully, this study

provides one such example.

A socidly-centered discourse, suggests Sarewitz, would need a new taxonomy to frame the debate, and
ST'S can provide the andyticd toolsto fill in such ataxonomy. Sarewitz even provides a beginning
taxonomy that might root the R& D enterprise, and NASA's misson more firmly to socid gods

(Sarewitz, 1998, page 77):

"Sciencefor:
Science (and culture)
Education (i.e., of the scientific work force)
Direct societal benefit (e.g., curing a disease)
Technology development
Economic development
Policy support (e.g., for environmental policy)"

According to this vocabulary, NASA's mission to Saturn, is primarily amission of science for science.

The mission would provide for the education of graduate students and anew generation of planetary
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geologists, would provide economic support of existing aeraospace companies and research ingtitutions,
and would support NASA's core mission to explore the solar system. The direct societal benefit? A

diffuse but positive benefit from new knowledge.

To interpret the Cassini misson as amember of the FCPI might: the Cassini mission was science for
science, to educate graduate students, and to support the nuclear power and nuclear technology
communities that advocate the use of SNIP technologies. The direct societd benefit? None, none

compared to the risks to be borne by future generations.

The NOSE argument (see Chapter V) includes future generationsin its estimates of risk and harm.
These generations may be resident on Earth, the Moon, Mars or elsewhere. The protestors placed a
high vaue on these future generations by indsting that a dependence on nuclear technologies now would
increase the risk and reduce the qudity of life of generations yet to be born. Human exploration of the
Solar System isrgjected as unworthy of consideration by the protestorsiif that exploration must include
nuclear technologies. Arguments regarding increased safety, higher power capability, and the like are

ignored.

One dternative, favorable with the FCPJ, would be for NASA to wait until *other technologies have
been developed” (Bruce Gagnon, persond communication). Alternative technologies will cost billions of
dollarsto develop for terrestrid or space use, and may never achieve the full potentia required to carry

out the missons envisoned by today’ s planners.



Friedensen Chapter VI 93

Two arguments articulated during the SToP CASSINI! campaign should be of specid concern to NASA.
Fird, the podition that space nuclear power isthe enabling tool for scientific research outside Earth orhit,
limits NASA to a decision space that is bordered by a nuclear future on the one hand and a humankind
that rgects space and the solar system to protect future generations on the other. What might the
response to a serious accident be? Binary decision spaces limit the degrees of freedom of dl parties. If
NASA can encourage a didogue in which the *uneasy coexistence of different conceptions of natura
vulnerahility and societd fairness’ are maintained, then it will be rewarded with aricher understanding of

the heterogeneity of the protest (Thompson and Rayner 1998) and of the desire for space exploration.

Second, NASA might benefit from understanding some reactions to the world it is predicting for the
future human colonists of the Solar System. To many people, the world described by NASA is blesk,
cold, and threstening. Colonists on Marswill live their livesin atotaly technologicaly dominant world,
where the smple enjoyment of taking awak will berisky in the extreme. Therewill be no Luddites on
Mars, because to rgect technology in the Martian environment isto choose suicide. Citizens today
grapple with the possibilities of globa warming, and increasing socid and environmenta impacts of
complex technologicd systems. Should any organization assume blindly that technology is the fix to socid
problems and that new technologies are dways desirable? NASA should examine socid reaction to long
term and complete reliance on nuclear technologies. NASA should be aware that technologica systems
have unpredicted socid affects, and socid systems have unpredicted technologica effects (Sarewitz

1996; page 9):

“The value of science and technology is created at the interface between science and society...
When a new product emerges from the lab, it undergoes a profound transition—from well-behaved,
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insular idea or object to a dynamic component of a complex interactive social system... Anideaor
aproduct in the lab often evolves rapidly into something entirely different once it movesinto
society. But society, too, will undergo change asit responds to and absorbs the knowledge and
innovation transmitted from the lab.”

However, must the future lives of Martian colonists be dominated by the risks and dangers of nuclear
technologies; or conversaly, will their existence be empowered and enriched through the use of nuclear
technologies? The ability to place areiance on nuclear technologies within a current, risk society world

view will be an important pursuit for NASA.

NASA (or an externd agency like the Nationd Science Foundation or the Nationa Research Council)
could undertake a study to examine the socia contexts and values embodied within the Cassini protet,
a the sametime as it examines the socia contexts and vaues embodied within the pro-Mars exploration
community. For example, an open-ended survey could be performed to discover the vaue systemsin
culturd context within the following communities

the membership of the Stop CASSINI! campaign

the membership of the Mars Society

the membership of the American Indtitute for Aeronautics and Astronautics (AIAA)

and the Seerra Club (or other diffuse green society).
There are four perspectives represented by the above groups that could contribute to arich
underganding of U.S. vaue systems as they pertain to space exploration, the sociocultural dynamics
inherent in those systems, and the possible ranges of response. The Stop CAsSINI! members could
show arange of vauesillustrated in this thess, while the members of the Mars Society (5,000 members

a last count) are strongly dedicated to getting to Mars as soon as possible and by whatever means

necessary. The members of the AIAA embrace the aerospace professons (the received NASA point of
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view, if you will); and the Sierra Club, dso dominated by professondsin many different groups, could
provide adiversity of perspective and opinion that could enrich the discourse. Of course, there are other
methodologica options, including arandom sample of U.S. citizens. However, solidarity in groups
refines and confirms opinions and perception of risk so that examining the range of perception and vaues
of established groups (or cultures) would generate a better understanding of the groups as actorsin the

policy world (Thompson and Rayner 1998).

Such astudy could dlow NASA to understand its place in the socid fabric of the United States. 1t could
enable NASA to start a didogue that would expose itsinternd assumption to derive more redistic goals.
The study could also enable NASA to actively increase pro-space support while reducing technology

concerns.

AFTERWORD

My perspective on what NASA ought to do is based, in part on who | am , on what | learned in doing

this study, and on my persond goals.

| have worked for the space program for asignificant part of my adult life. Much of my technicd
expertiseisin the field of gpace human factors, and on cataloguing the risks to humans from exposure to
microgravity. Technical risk assessment isafield that | understand — at least regarding human factors. In
the last ten years, | have read with increasing frequency about proposed human missonsto Mars, and

was skeptical. | felt that Mars was too risky for the astronauts, and so considered a Mars mission out of
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the question because of the programmatic risk to NASA should it lose an astronaut on that type of

mission. 1n 1996, three events happened to cause me to examine my position:

NASA announced that a Martian meteorite may have evidence of ancient fossilized pre-bacterid life,

from Mars, exponentidly multiplying the reasonsto go there;

| heard atalk by a Mars misson designer in which nuclear technologies were considered “on the

shef” and were built into his otherwise very rationd misson desgn; and

My daughter announced that she wanted to become an astronaut and go to Mars.
Today, in late 1999, the debate over whether or not the evidence in the meteorite Sgnified life is il
raging, and | do not care to speculate on what may resolve the controversy. | have had the chance to
study severa proposed Mars mission architectures and while they won't be easy on the humans, | do
believe the trip may be survivable. However, the attitude that Space nuclear reactors are “on the shdf” is
dill prevaent and Hill quiteirritating in regard to the fact that there are no expected expendituresin the
foreseeable future that would alow NASA to push the technology to the testing stage, and there are ill
laws in effect in the United States that dtrictly prohibit live tests of nuclear devices for propulson. Asfor

nuclear reactors for power generation on Mars, | believe that without sgnificant socid input and high

public opinion for a Mars expedition, the designs will never get past the drawing stage.

| learned during this study that NASA’ s risk assessments are technicaly well done and that the blind
spots are fixable. | learned agreat ded about socid protest and that socid discourse is more critical to
socid gods than are technical andlyses. But, most importantly, | have learned that other persons—of like
background, education, tastes in music, and genera politica sympathies—do not share my passion for

space, do not believe that we can successfully “conquer” space, and moreover do not believe that it
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should be attempted because the money could be better spent curing other important socid ills. These
persons, in fact, are dl around me, pay taxes, and read books. They are as ubiquitous as the person that

believesin Star Wars (the nuclear war deterrent or the movie — take your pick).

How, in this age of litigation, AIDS, and trillion-dollar military budgets, do we rationalize a Space
program of basic research that does not have any gpplication to bettering human life—much lessa
program that is nuclear-powered? | bdieve, like Sarewitz, that the rationdization will come when we
more closaly examine our socid gods. Understanding socid godswill dlow space advocates like mysdlf
to couch our discourse in more socidly acceptable terms—or to at least find away to express clearly
what is meant by the term “acceptable risk,” to create stronger advocacy for the idea of space
exploration, and to be hones, to create in other hearts that which has caught my daugther’s passion: “to
go to Mars and find out the questions.” And, to be reflexive about it, maybe society’s goas do not
reflect mine, and such a study will show that the space program is atechnologicaly driven dinosaur.
However, | would much rather ask the hard question, than to not have it asked and the space program

crash and burn in astorm of anti-nuclear protest that does not adequatdly reflect the will of the people.

“If we cease to explore, we cease to be human.”
Sir Arthur C. Clarke,
in his addressto the
United Nations Committee on the Peaceful Uses of Outer Space
July 23,1999



