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EDITOR'S COMMENTS

Among the great science-based issues currently pressfiggctor concept - the "pebble bed" reactor. Another con
upon American society, automotive efficiency, safety, an@hen considering nuclear power, is the proliferation of nuc
pollution, climate, energy, environment, nuclear power, artfeapons; this is discussed by William Sailor. Any discussio
scientific secrecy are certainly at the forefront. We hope that theclear power hinges upon the effects of low-level radia
necessary public discussion of these issues will be informedW§on the public health. John Cameron provides a
input from the professional physicist members offbeum on  Perspective on this question.

Physics and Societylt is the task of this newsletter to help Nuclear power must fit into the overall energy picture, wt
keep these members up-to-date on the science and pol&gketched, for this issue, by Albert Bartleitziva Brecher,
matters necessary for them to be major productive componeats former chair, looks at the impact of our chosen mod
of the public debate. transportation — the car — upon the core of our civilizati

In this October, 2001 issue Bhysics and SocietyRichard our cities. Finally, Irving Lerch again raises the issue of
Benedick — the American diplomat largely responsible for thépact of governmental secrecy and security concerns upo
successful negotiations attempting to deal with the diminishifigalth of the science that is so necessary for the health
of the Ozone Layer — recounts his experiences with thegéneral society.
negotiations and tries to draw useful lessons for future climatéWe expect to continue our discussions of these vital issu
negotiations. Steven Smith helps to fill in the background witthe next issue — the January Elections issue — with expe
a discussion of "climate forcing". articles on automobile safety and efficiency as well as fur

The physicistAmory Lovins tries to use purely economic€xaminations of the proposed next-generation nuclear rez
arguments to show that the expected revival of nuclear power Re Editors are always open for new material for this jour
just a chimera. (I'm always suspicious of "impossibilityVe strongly urge readers to submit relevant artic
arguments which depend upon price rather than the lawsc@mmentaries, letters, and reviews —preferably via e-r
physics; price seems so open to Seeming|y arbitrary Chan&.e)rtainly the events of Sept. 11 should reinforce the view
Given the present sad state of the nuclear power industry, mi¢& must all work together, as citizens and as physicists, to
hope rests upon the next generation of nuclear reactors. Editi@ international and domestic challenges ahead.

Lyman describes and discusses the safety of a major new AM.S.

21 Our National Energy Situation is a Megdbert A.
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Statement From the Chair

| am writing to express to FPS members and the bro&ad justice while not singling out whole groups of people
physics community my deepest sense of sorrow and stundwired or retribution.
outrage for the events that shook our nation on September 1MWithin FPS, we have colleagues whose life work is dedic
By the nature of our work, many of us were all too close to the applying the abstractions of our science to solving real-w
terror, either directly or indirectly. | am quite certain that theneroblems, particularly those of the geopolitical kind t
are many among us who are reeling from the loss of a relatieecurred on September 11. As we recover from the shocl
friend, or colleague. | grieve for all who have perished, whwork through our grief and anger, we must renew our sh
continue to suffer, and for all whose hearts were irreparaldgmmitment to apply physics for the benefit of all humanity.
broken. In grief and hope for the future,

Physics is an international community built on shared
knowledge, mutual respect, and networks and friendships tif&
transcend national boundaries, religion, and political beliefs
The trans-nationalism of our community can be a positive for&hilip W. Hammer, PhD
now, as it has been in the past. We must strive for resoluti¥ice President, The Franklin Center, bhammer@fi.edu

ARTICLES

Science, Policy, and Environment in the Z1Century
Richard E.Benedick

This article is adapted from an address to the American Physical Society in April 2001, and draws from “The Indispensabl
Element in the Montreal Ozone Protocol,” Columbia University Earth Institute, Earth Matters, Fall 1999.

Humanity in the twenty-first century faces a new generation gfternational cooperation, involving governmen
environmental challenges. These differ significantly from palttergovernmental bodies, the private sector, and, indeed, |
environmental problems that were familiar local accompanimer@ciety. And, significantly, the problems are characterizec
to the industrialization process. In the mid-1970s, the first truf@nsiderable scientific uncertainties concerning their cat
global threat to the planet — depletion of the stratospheffgpacts, feedbacks, and the interrelationships among con
protective ozone layer — was theorized, derided, hotly debat@atural and social parameters.
and ultimately proven true, later earning for its discoverers thdt is, therefore, fair to say that the scientific community be
Nobel Prize. In the years following, scientists across a broiadthis new century, a special responsibility both to identify
range of disciplines began to sound alarms about other portentmssess risks, and to devise solutions to complex and
environmental changes caused by human activities: timéerrelated threats to the planet’s natural cycles — a respons
greenhouse effect and climate change, the mass extinctiorupdn which the future of human welfare may well depend. At
species and loss of biological diversity, the worldwideame time, political and economic decision makers ha
destruction of forests and habitat, the diffusion of persistecncomitant responsibility to take heed of the message
organic pollutants, the spread of desertification and land erosiscience, as well as to encourage scientific curiosity and prc
the pollution of oceans and coastal waters, and the growiadequate research funding.
pressures on fresh water. From this perspective of the indispensable future interac

These new environmental issues share several comnimtween science and policy, | would like to analyze
features. They are global in scope, transcending natioexlperience of the most successful global environme
boundaries and affecting all, or substantial portions of, tlagreement to date, the 1987 Montreal Protocol on Subst:
world’s population. They are slow in developing and long-terfiihat Deplete the Ozone Layer -- a treaty that has |
in their consequences; they may be irreversible over generatiaigracterized by the heads of the World Meteorolog
or even forever, once their impacts become entrench&@fganization (WMO) and the United Nations Environmu
Addressing these threats requires an unprecedented degree of
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Programme (UNEP) “as one of the great internationalEven so, it was not inevitable. For decades after t
achievements of the century.” discovery in the 1930's, no one suspected that these “wot
Given the threats to life on Earth that have been averteldemicals” could cause any harm — much less to the cri
through this landmark treaty, few would challenge theozone layer. And, because t8&Cs and their cousins have st
statement as hyperbole. Ozone, whose existence was unkntvag atmospheric lifetimes, their deleterious impacts will still
until 1839, has been characterized as “the single most importtsit for decades, even after new emissions cease.
chemically active trace gas in the earth’s atmosphérmélisent  Unquestionably, science and scientists were the indispen
the protection of the thin and constantly varying stratosphegdgement in the success of the Montreal Protocol. Without
ozone layer, life as it currently exists could not have evolved ggurage of a handful of curious researchers in the mid-19
this planet. the world would have learned too late of the deadly, hic
The Montreal Protocol, by phasing out certain chemicaldangers associated with rapidly expanding useérs. The now
preserved the integrity of the stratospheric ozone layer thegendary hypotheses of SherwoRdwland and Mario Moling
absorbs harmful ultraviolet radiation from the sun. Depletion af the University of California-Irvine in 1973 initially unleash
this thin gaseous shield — which, if compressed to the planat’sirestorm of criticism and controversy. Together with P
surface, would be no thicker than gauze -- would haw&rutzen of the Netherlands, they were vindicated by the
incalculable impacts on human, animal, and plant cells, as welNmxbel Prize in Chemistry, but it is worth noting that the fi
on climate and ecological systems. Research has indicated thpbgular book on this subject, published in 1978, was enfithed
anthropogenic ozone-depleting substances had continued tiizione war®
rapid accumulation in the upper atmosphere, there would havehe complexity of the research effort was noteworthy. Oz
been a “runaway increase” in skin cancer within decddes. amounts to considerably less than one part per million of the
And yet, even while the Montreal Protocol was beingtmosphere, and 90 percent of it is found above six mile
negotiated during 1986 and 1987, few observers believed thatlittude. The intrinsically unstable ozone molecules w
would be possible for governments to agree on any strotmntinually being created and destroyed by dimly unders
international controls over the production and consumption of thatural forces involving solar radiation and interactions v
suspected ozone depleting chemicals. The scientific, econongieen more minute quantities of trace gases. To compl
technological and political factors underlying the negotiatiomsatters, stratospheric ozone concentrations flucti
were staggeringly complex. considerably on a daily, seasonal, and solar-cyclical basis;
The science itself remained speculative, relying upd@ie also sizeable geographical and altitudinal variations.
projections from evolving computer models of imperfectly Amidst all these fluxes, scientists faced a formidable challe
understood atmospheric processes — models that had yielalegredicting, and then detecting, the minuscule “signal” ¢
differing, often contradictory predictions each time that thejownturn in stratospheric ozone concentrations, not to mei
were refined. Moreover, actual measurements revealed neitlirgking such a development t€FCs. This necessitated tl
the theorized mid-latitude depletion of ozone nor any of thievelopment of ever more sophisticated computer mode
predicted harmful effects. simulate the stratospheric interplay among radiative, chernr
Chlorofluorocarbons (CFCs) and related substances wéfil dynamic processes such as wind and temperature -
virtually synonymous with modern standards of living. Indee@rojecting this for decades or centuries into the future. Intri
they had seemed to be the perfect chemicals: nonflammabé)iaturized measuring devices were created and fitted
nontoxic, and noncorrosive — and easy and inexpensive aiteraft, satellites, and rockets in order to monitor remote gas
manufacture. During the 1980's, entrepreneurs found néljantities as minute as parts per trillion.
applications forCFCs in thousands of products and processesTo understand the implications of a fading ozone la
across dozens of industries, from electronics, refrigeratiostientists had to venture far beyond atmospheric chemistry:
insulation, and plastics, to telecommunications, aerospabad to examine our planet as a system of interrelated phy
pharmaceuticals, and transportation. Powerful political amtiemical and biological processes on land, in water, and il
economic interests thus became aligned to oppose meaningfulosphere — processes that are themselves influence
controls. economic, political, and social forces. The Montreal Prot
Nevertheless, the Montreal Protocol was signed in Septembggame a truly multi- and interdisciplinary effort. Over the ye
1987 and entered into force in January 1989. Within three yekggearching the dangers and solutions involved, not just che
it had been ratified by more than 100 countries and ha@#d physicists, but also meteorologists, oceanograpl
undergone two major revisions. Unexpectedly, the “smokifologists, oncologists, economists, soil scientists, toxicolog
gun” of CFC complicity in the Antarctic ozone hole was prove@gronomistspharmacologists, electrical, chemical, automot
in March 1988, and governments then moved rapidly &®d materials engineers, botanists, entomologists, and more.
strengthen the treaty. The list of controlled substances wa#t was not sufficient, moreover, for scientists merely to pub
increased from 8 to over 90, and the timetables for reduction dhdir findings. In order for the theories to be taken seriously
phase-out of the dangerous chemicals were significantbad to concrete countermeasures, scientists had to interac
strengthened. diplomatic negotiators and government policy makers.
Within a few more years, a total of nearly 170 nations h&aeant that they occasionally had to leave the familiar atmosj
joined the protocol” A veritable technological revolution wasOf their laboratories and assume an unaccustomed sl
unleashed that transformed entire industries. The protocol credggpPonsibility for the policy implications of their research. 1
the first-ever global environmental fund to assist developifgstory of the Montreal Protocol is replete with instances
nations, and promoted an unprecedented North-Sof¢ientists being called upon to analyze and report on
cooperation in research and diffusion of innovative technologi@plications of alternative remedial strategies and po
that have now made ozone-depleting substances obsolete.  Measures.
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International scientific consensus was also a crucial elemdayer depletion were strikingly clear for the negotiators:
The development of an accepted common body of data dfypacts would be global and fatal, and within a time-spal
analysis was the prerequisite for a political solution amofigcades.
nations whose opening negotiating positions were essentialhlAnother useful lesson from the Montreal Protocol’s succe:
incompatible. In 1984, a remarkable international researttte importance of public education: interpreting the continu
cooperation was spearheaded by the National Aeronautics amdlving and sometimes confusing data, and communicatin
Space Administration (NASA) and the National Oceanic aratience intelligibly, yet without exaggeration, to the geni
Atmospheric Administration (NOAA), together with the WMO,public and the media. This information flow mobilized puk
UNEP, the Federal Aviation Administration, the Germanpinion on the potential dangers of a diminishing ozone ls
Ministry for Research and Technology, and the Commission arid thereby fostered political consensus for both policy mea:
the European Communities. and for funding research. The proponents of strong actiol

The Montreal Protocol later institutionalized this concept bgrotect the ozone layer generally did not sensationalize
establishing international expert panels to periodically ass&®iclusions merely in order to capture media and pt
scientific, technological, economic, and environmentdttention. In this way, they maintained their credibility a
knowledge, and thereby guide the negotiators in the furtHgtportantly, they did not inadvertently provide gratuitc
evolution of the treaty. Over the years hundreds of scientifénmunition to those interests that sought to downplay the dz
experts from dozens of countries participated in the drive to le&hozone layer depletion.
more about the risks as well as the possible technologicaHere again, the currently ongoing climate negotiations pre
solutions. This proved to be a central element in the protocaiontrast to the Montreal Protocol. Perhaps frustrated by i
success, facilitating agreement by negotiators on additional, epablic indifference to the indefinite and future dangers of clin
stronger measures to protect the ozone layer. In effect, timnge, some advocate organizations, especially in Eu
Montreal Protocol was deliberately designed as a dynantiecame tempted to exaggerate the threats and immedia
process of narrowing the ranges of uncertainties, rather thaolimate catastrophe Klimakatastrophe”). The particularly h¢
static solution based on the status quo. summer of 1988 encouraged some groups to foment a sel

The role of scientists in the ozone history provided sonP@nic; popular publications (also in the US) featured cover st
important lessons for climate change. During the 1980's, a f&ith the Empire State Building or Eiffel Tower partial
assessments on climate change had been issued under the Si¢gierged by raging tides. When the following summers \
of WMO and UNEP, developed by a small group of mainly selfaore normal, public interest waned, even though some act
selected scientists called the Advisory Group on GreenhoiBet scientists) continued to label every serious hurricane or-
Gases. While preparing for the final ozone negotiation @&$ evidence of climate change. Damage had been done, a
Montreal, | recommended in the summer of 1987 that the 98ly to credibility. The exaggerations tended to polarize
government take an initiative to establish a formal internatiorf#¢bate and to harden the position of industries and others
assessment body on climate change, similar to what we w#iefe reluctant to admit the legitimacy of the problem.
doing on the ozone issue. My belief was that findings would belnformation, and particularly sober and accurate informat
more credible if they came from a larger and more diverse grasghus a critical factor in the linkage between science and pc
of scientists under intergovernmental auspices. The power of the media — and the consumer — should nev

This proposal attracted some unexpected allies and opponettglerestimated. Between 1976 and 1978, US media inter
Anti-environmentalist officials within the Reagan Administratiofihe fate of the ozone layer, promoted and nurtured by scier
— who only a few short months earlier had tried to replace mel@gislators, and environmental organizations, stimule
chief US negotiator on ozone -- endorsed the idea, hoping th&dggisions made by millions of individual consumers that le
would give governments more control over the science. Ufte collapse of the domestic market for CFC aerosol spra
contrast, some environmentalists feared that the process wdtN@n before there was any government regulation. Later, U
become distorted by politics. My own feeling, grounded in tiRhd WMO played prominent roles, using worksho
ozone experience, was that the vast majority of scientists woBKplications, and electronic media, in disseminating rele
be unlikely to allow themselves to be diverted by political dpformation, including the availability of new technologies,
commercial interests, and that governments would sooner be @dcials, businesses, and the general public throughout the w
opted by the science than vice versa. The success of the Montreal Protocol also underscoret

The subsequent experience of the Intergovernmental PaneNggessity of providing adequate funding for all levels of scie
Climate Change, founded in 1988, confirmed my expectati®i®m curiosity-driven basic research to applied enginee
concerning the independence of the participating scientistglutions. While most ozone research funding originally c:
However, it should be noted that there is at present a critii@m governments, for example NASA and NOAA in connect
difference between the science underlying the negotiations on \¥ith their space-related research, this was not always the ca
ozone layer and the science of climate change. In both cases1f, at a time when the U.K. Government was still oppose
theory was robust. In the case of climate change, there isSt®ng controls over CFCs, it ceased financing British scier
dispute that an indefinite accumulation of greenhouse gsAntarctica who were coming up with disturbing evidence
concentrations would lead to potentially calamitous alterationsSHatospheric ozone losses. Interestingly, the gap was filled k
the climate system. But it is not yet possible to predict how f@f& Chemical Manufacturers Association, which, although .
into the future serious effects would occur. There is stiiot in favor of controls, was nevertheless even more conce
considerable uncertainty about the probability, timing, locatiofat the uncertainties finally be resolved -- one way or the ott
and severity of the potential harmful impacts of climate chang®, that they could plan for the future.
which include flood, drought, rising sea levels, the spread ofResearch investments by the private sector later proved c
tropical diseases, extinction of species, and increased extremeleveloping substitutes for the ubiquitous CFC family
weather events. In contrast, the probable consequences of ozdramicals. Unusual public-private partnerships found oz(
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friendly solutions for products and processes where it had nepgivelopment (Rio de Janeiro) and the 1994 Internatic
been thought possible. In one case, Greenpeace teamed up WitBriference on Population and Development (Cairo). He
former East German company to develop CFC-free refrigeratqigithored over 90 publications on environment, population,
which subsequently were adopted in European markets and tigience policy, including the acclaimédzone Diplomacy

promoted in China and India by the German and Swiss giqarvard, 1991, rev. ed. 1998, Japanese ed. 1999).
programs. The technological revolution had many novel aspects,

ranging from cooperation by AT&T and a Florida citrus grower Dr. Richard E.Benedick
in developing new solvents for electronic circuit boards, to ) Ambassador (ret.
China’s indigenous approach to replacing styrofoam with a Deputy Director, Fundamental Science Divisi
biodegradable product of grass and straw. Scientists and Battelle Washington Operatior
engineers again played a central role in solving the problems of richard.benedick@battelle.or
replacing the harmful chemicals. 1

* * * P.Obasi and E. Dowdeswell, Foreword to R. Bojkdie Changing

Ozone Laye(Geneva: WMO/UNEP, 1995).

Politics,” stated Lord Kennet during ozone debates in the D. Albritton et. al, Stratospheric Ozone: The State of the Science

.Houfsf_e. Oft Lo.:jds, '§ _li[rr:e art of gliklng good fdtﬁC'?\'/lon? OT andNOAA'’s Current and Future Resear@lVashington, D.C.:
'F';]SU 'C'?n ev(lj ence. b e me][‘norha € success o e'd Orc]j real  National Oceanic and Atmospheric Administration, 1987), p.1
rotocol stands as a beacon for how sclence can guide decisiog, Slaper et. al., “Estimates of Ozone Depletion and Skin Cance

makers to overcome anflicting political and Commerg:ial Incidence to Examine the Vienna Convention Achievements,”
interests and reach desirable outcomes. The ozone historynature384 (November 21, 1996):256.

demonstrates that, even in the real world of ambiguity afd a¢ the time, the Antarctic “ozone hole” was considered by most
imperfect knowledge, the international community -- with the gjentists as an anomaly, since it did not conform to theoretical
strong assistance of science -- is capable of undertaking difficult ozone depletion models and could possibly have had other than
and foresighted actions for the common good. anthropogenic causes. See e.g., Albritton et. ttaf@&pheric

) ] Ozone p. 9; WMO,Atmospheric Ozone 1985: Assessment of Out
Ambassador Benedick, formerly Deputy Assistant Secretary ofunderstanding of the Processes Controlling Its Present Distribut

State for environmental affairs, is now a Deputy Director of and ChangéGeneva, 1986), chap. 14.

Pacific Northwest National Laboratory at Battelle, Washingto?l R. Benedick,0zone Diplomacy: New Directions in Safeguarding 1
DC. Concurrently he is Visiting Fellow in the Planet(Cambridge, MA. and London: Harvard University Press, |
Wissenschaftszentrum Berlin (Social Science Research Centeed. 1998), provides a history and analysis of the ozone issue an
Berlin), as well as President of the National Council for Science Montreal Protocol negotiations.

and the Environment. He was chief US negotiator and a L. Dotto and HSchiff, The Ozone WaGarden City, NY:
principal architect of the historic 1987 Montreal Protocol on, ~Doubleday, 1978).

protecting the ozone layer, and later served as Special Advisor toU.K. House of LordstHansard500 (October 20, 1988): col. 1308.
Secretaries- General of both the 1992 UN Conference on

Environment and

Past and Future Climate Forcing

Steven J. Smith

Climate change is again in the news. First the failure of tf@rcing from all anthropogenic greenhouse gases, as compa
COP6 meeting to agree on terms for the Kyoto Protocol arfe-industrial times, is presently (~ year 2000) about 2.74V
now the apparent rejection of the protocol by President Bugfh an offset of perhaps half this amount from aerosol coc
leaves the future of climate policy uncertain. To move forward (gee below§. The radiative forcing caused by carbon dioxide
is important understand the drivers of climate change in orderk@own to within about 1%. Uncertainties for the other imporf
inform discussions of where mitigation efforts need to kgfeenhouse gases are 5-10%, with higher uncertainties for
focused. This paper will present a quantitative overview of thalocarbons:
physical drivers of past and future climate changes. The papein important property of the climate system is that the so
will first address attribution of past climate changes, then tbéthe radiative forcing appears to be relatively unimportant.
radiatively important substances that will drive future climatiérst order, theglobal system is thought to respond to o
change, and, finally, the mitigation of climate change in thradiative forcing much as any other— makiagliative forcing a
context d the recent Hanseet al. “alternative scenario®. useful tool for analysi%.We can, therefore, usadiative forcing
Forcing and Climate Sensitivity to compare the _relative importance of (_jifferent d.riv.ing for

g ) ) ) o . (e.g.,GHG emissions, aerosols, solar luminosity variations).
s, dscussion il e famed In o1, of rdaive (G what s notknown with nearly as much certiny is how
9 9y y 9¢|hate system will respond to a given radiative forcing. -

the climate system and is defined as the change in radiative Bst general measure of this response ilingate sensitivity
at the top, of the troposphere after allowing for StratOSpheﬁlﬁe climate sensitivity is often defined as the equilibrium glo
adjustmenf’. Since radiative forcing refers to a change, thi ean surface warming that would occur if carbon diox

quantity must always be given relative to some reference dategfi .o rations were doubled. The uncertainty range used k
concentrgtlon Ieyel. . . . IPCC in its 1990 through 1996 assessments is 1.5-4.5 °(
Radiative forcing is measured in units of Waits per squatey, doubling. This large range in climate sensitivity refle

meter. A doubling of carbon dioxide concentrations, for examp|gcertainty about feedbacks within the climate sy&tem.
will cause an imbalance of approximately 3.7 WfiThe total
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Attribution of Recent Changes acid rain, sulfur dioxide is emitted when coal and oil products
" s o i ) burned and subsequently forms sulfate aerosols in

Our ability to explain past changes in climate is an obvious t%%tnosphere. The net result is thought to be a cooling effect ¢
of our understanding of the climate system. The following reviegmate of perhaps -1.4 WAnalthough the uncertainty range
of the causes of past climate change will demonstrate that thergis figure is very largé™ The radiative forcing associated wit
considerable uncertainty in the causespast climate change. piack carbon aerosols, which are emitted due to incom|

The next section, however, will show that these uncertainties @nbustion of fossil fuels, is even more uncertain. An additit
largely irrelevant to the issue of what will driftgure climate  goyrce of both types of aerosobi®mass burning.

change. . The overall forcing picture for past climate change is 1
There is broad agreement that global surface temperatysgsenhouse gases and anthropogenic aerosols are likely
have warmed over the last century (Figure 1). The primagtyve been the dominant forcing agents over the last few dec
driving forces of these changes are thought to be variations dgyjar variability and otheforcings (such as changes in aver:
greenhouse gas concentrations, aerosol particles, and solar {jdieanic_activity) may have played more important roles ea
Attribution of historical changes is complicated by the intrinsig, the 20" century. The largest uncertainty is in the forcing ef
variability of the climate system apparent in Figure 1. Whilgf aerosols. The combination of uncertainty in aerosol forc
plausible combinations of the above components can reprodygé@ertainty in climate sensitivity, and the presence of unfo
the histgyical record, a deterministic reconstruction of the climaigmate variability means that the anthropogenic contributio
of the 20" century is not yet possible. past climate change cannot be determined with great accura
Some apportionment of causality could be accomplished if therhis also means that historical data cannot be use
radiative forcing due to each of the above components Wefgermine the climate sensitivity unless these uncertaintie:
known. While the forcing change due to greenhouse gasesipstantially reduced. Since definitive attribution of past clir
quite well known, this is not the case for either sofadiance or s not likely to be achieved for some time, policies will nee
aerosols. be based on a wide range of data and theoretical knowledg
First consider solar irradiance, which is known to changan be used to project possible future changes.
slightly over a solar cycle. Changes over longerescales, . .
ho%ve\yer, remain a ma%/ter of muc% speculationgi A number be Drivers of Future Climate Change
irradiance “re-constructions” have been calculated, where a soldruture anthropogenic forcing will depend on emissions
irradiance time series is produced by using proxy variables s@hRenhouse gases and the precursor compounds of aerosc
as sunspot number or solar cycle lerf§thhe difficulty is that, tropospheric ozone. Future emissions of greenhouse gase
even if such a correlation exists, the proportionality between sutgver be predicted in a deterministic sense because emissi
proxies and irradiance is not known for our sun over century tirfitese substances depend on futgeio-economic development

scales. Research to better constrain past solar irradiance chalfiggéad of a deterministic prediction, scenario analysis offe
continues. method of establishing reasonable bounds on the magnitu

Measured changes in total solar irradiance are small wHH{re emissions.
compared to historical greenhouse gas forcing changes. Considéhe most recent international effort along these lines is
a 0.2% change in soldrradiance, which is about twice thelPCC Special Report on Emission Scenarios (SRES), w
variation seen over one solar cycle and only slightly less thaiigsents 40 scenarios of future emissions of greenhouse ge
some estimates of the solar irradiance change
since the Maunder minimum. This change
translates into a 0.5 W#mchange inradiative 0.4
forcing. This is several times smaller than the Global Mean Surface Temperature Change
historical increase in greenhouse gas forcing over Departure from the 1961-1990 mean
the last century (8§ 1). It is possible that the effect
of theseirradiance changes are magnified in some 0.2
way, such as through chemical changes in te
atmosphere due to the much larger change seeiyin
solar UV emissiong =

Aerosol particles, which derive both from direct
particle emissions and from chemical reactions ]
the atmosphere, have a number of climate effecs.
Light-colored particles, such as sulfate aerosolg, 02
reflect sunlight and cause a cooling. Black carbdh
particles {.e., soot) absorb sunlight and cause
warming. Aerosol particles can also act as clotr
condensation nuclei, thus changing the number g 4_|
density and lifetimes of clouds. Other effects are
also possibl@. Injection of aerosol particles into
the stratosphere by volcanic activity can also
cause a transient cooling, an effect seen after the_g. g ‘ ‘ ‘ ‘ ‘ ‘

Mount Pinatubceruption in 19917 _ 1860 1880 1900 1920 1940 1960 1980
From a climate perspective the dominant Year

aerosol precursor compound at present is thought Lo
to be sulfur dioxide. Also the primary cause igure 1 — Global average surface temperature (Thin line: monthly values,

line: 11-year running averag%).
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the absence of additional climate poIicfésThese scenarios instead, efforts should focus aron-CG, forcing agents. The
represent a wide range of possible economic, socig&ad author of the paper, however, in an open letter to
technological, and demographic developments. In some scenatim®mmunity has stated that “we expect that equal empha:
greenhouse gas forcing increases throughout this century whileéeded on non-CQand CO, forcings to keep the net forcir
others greenhouse gas forcing stabilizes by the end of the cenfumgrease] at 1 Wadttover the next 50 years.

— although it remains to be determined if those stabilizationAS has been noted elsewhere, the Hansen ﬂ@_forcing
levels would be sufficient to avoid “dangeroesthropogenic target would likely require quite a strong climate pofitin the
interference with the climate systérthe goal of the FCCC. set of SRES scenarios, for examp|e, the increase in ce
Using these emission scenarios, a conservative estimate ofdlmxide forcing over this period ranges froml1-2.7 W/m.
range of additionatadiative forcing over the next 100 years i&)nder the most optimistic set of assumptions the 1 3\G®,
2.3 to 6.8W/m2.” This is in addition to the 2.7 Whwf current target could be met with minimal action. Under most of
greenhouse forcing minus any current aerosol cooling offSSBRES scenarios, however, achieving this target would re:
These figures are illustrative and different model parametesignificant action.

(e.g.,carbon cycle parameters, sulfate aerosol forcing strengthyhile action to limit carbon dioxide emissions is a part
inclusion of tropospheric ozone chemistry, etc.) would lead fgost mitigation scenarios, an integral part of the Hamseal.
somewhat different values. mitigation scheme is to reduce emissions of black carbon (:
Even given these uncertaintiege can predict with a high particles, which is a new suggestion for climate mitigation. S
degree of confidence that neither solar nor volcanic influenc@seduction would, indeed, tend to reduce climate forcing. Bu
are likely to exceed the magnitude of the forcing changast change in aerosol effect depends on emissions of
expected fromanthropogenically-driven increases in greenhoug®ecursor compounds, particularly sulfur dioxide. The synerg
gas concentrations. effects of further pollution controls and a stringent carl
Now consider the future role of aerosol particEEmissions of dioxide constraint are most likely, however, to result in a
soot particles and sulfur dioxide have decreased substantialljaffing increase due to a decrease in total aerosol codli
Japan, Western Europe, and the United States. These decrda&shicing a net increase in aerosol cooling, or probably e\
are due to concerns over acid rain, human health effects, &agstant level of aerosol cooling, is inconsistent with a str
visibility issues. In the long term, global emissions of both &rbon dioxide emissions constraint.
these compounds are expected to decrease further as increasidgnsenret al. also propose to achieve a net decrease by 20
affluence drives ever more concern with “quality of life” issue§.1 W/n? in tropospheric ozone forcing. Control of troposphe
Eventual reductions in sulfur dioxide emissions are a key findiogone levels in urban areas in developed regions has provec
of the SRES. a difficult task. These efforts are, however, underway ar
These considerations indicate that the future will be simpkiobal decrease of tropospheric ozone due to such effor
than the past, at least with respect to radiative for¢irsgead of 2050 cannot be ruled out.
a multiplicity of possible anthropogenic and natural forcing They also propose a 0.2 W#ndecrease in methane forcit
agents, greenhouse gases and aerosols will likely be the domioaet this period. The proposed decrease in methane fo
climate forcing agents over the next several decades. By the eonhpares to an estimated increase of 0.1-0.4 3ftinmethane
of the century, increases in greenhouse gas concentrations fancing with no climate policy, although projections of meth:
probable decreases in aerosol emissions will leave greenhousecentrations are particularly uncertain. The potential
gases as the dominant radiative forcing agents. Note that, winilethane_emissions reductions (i.e., mitigation) is area of a
the cause of future climate changes will be more certain, ttesearcH’ Methane emissions grow from 2000 to 2050 in al
amount of climate change remains uncertain due to the unknalve SRES scenarios. This growth is driven, in large part
climate sensitivity and the wide range of possible futummissions from increased agricultural production (particul
emissions. ruminant animals and rice) driven, in turn, by both increa:
Climate Mitigation and the “Hansen et al” pOputhiOﬁS and increfising income_s. A net reduction
' . emissions seems possible, although implementing the nece
paper changes in developing countries poses a challenge (as is al
The previous discussion leads to the conclusion ltimting  case for reductions in carbon dioxide emissions).
the amount of future climate change (mitigation) in the long terma - examination of this “alternative scenario” indicates
will require limiting concentrations of greenhouse gases. OVgfs |ikely gains from decreasing the levels of conventic
shorter time horizgns the situation is less clear. The recent pgpSitants such as soot and ozone are not sufficient to remon

2 !
by Hansenet al” created some controversy over Wh'c. ain focus of any climate policy from carbon dioxide and
substances were the appropriate targets for mitigation actigfj,qr greenhouse gasés.

Hansenet al. sketch an “alternative scenario” under which the
additional radiative forcing from carbon dioxide over the perigdonclusion
2000-2050 is kept to W/m? (the period beyond 2050 is not As the century progresses, the effect of greenhouse gase
addressed). Their mitigation scheme then calls for no net increagi@ate forcing agent will increasingly dominate other poss
in forcing from the combination afion-CG, greenhouse gasesforcings. While theradiative effects of greenhouse gases
and aerosols. Limiting forcing change to onlyvim? over the present are likely to be partially offset due to aerosols, the li
next 50 years is quite ambitious. This would represent limitigntinuation of reductions in “conventional” pollutant emissi
additional climate forcing over this time to considerably less than the future will “unmask” the full effect of increasir
in any of the “no climate policy” SRES scenari8s. greenhouse gas concentrations. Among the greenhouse
The controversy engendered by the Hansen et al. paper wagon_dioxide is still the “800 pound gorilla” of clima
largely due to the perception that they had argued that litdange'’ This is, in large part, because carbon dioxide is un
needed to be done to reduce carbon dioxide emissions and &@aQng greenhouse gases in that it is not destroyed ir
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atmosphere. Some portion, therefore, of any fossil-fuel emissidetermined by science, but on values. The value place
will make an essentially permanent contribution to atmospheriatural systems, for example, and the acceptable level ol

concentrationd’ tolerance play important roles in determining the answer
As a final note, addressing future climate change will likepese questiorfs.

require a combination of emission reductions.(mitigation) B Steven J. Smitl

and adaptation to climate changes that are not or cannot be Pacific Northwest National Laborator

mitigated. How this should be done, how much, and by what ssmith@pnl.gov

time, are difficult questions. In part their answers are not

Sixth meeting of the Conference of the Parties (COP) to the Framework Convention on Climate Change (FCCC)
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Why Nuclear Power’s Failure in the Marketplace Is Irreversible
(Fortunately for Nonproliferation and Climate Protection)

Amory B. Lovins

AP: Would the introduction of more nuclear power plants -- somethingssociated Press Interview — August 14, 2001
the vice president has said the country needs to meet future electricity
demand -- weaken Enron's natural gas trading business?

Nuclear power has suffered the greatest collapse of

Jeff Skilling (former CEO of Enron): | will personally eat every neventgprise in the industrial history of the world. The twentit
nuplear power plant built in this country for the next lOO,yea.rs. | do”c':rentury ended with installed nuclear capacity less than 10%
fondamental problém In that nuclear piants make a lot of wasts a0/ Cening fate less than 196, of the lowest IAEA forecasts r
there is no solution to that problem right now. So they can talk all th gquarter-century ago. No vendor has made money by st
want about nuclear power. | don't believe it. reactors, though_ some have made it up on repairs. World
nuclear power is stuck at 11% of total generating capa

providing 6.3% of 1998 primary energy outpwt.8.8% for
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renewables without, or about 20.3% with, traditional biofuels. But its long-run marginal delivered cost (includibgilding a
the U.S., nuclear investments exceeding a trillion dollars arew nuclear plant) is at least $0.10-0.15/kWh. (Enthusiasts
delivering little more energy thahiofuels; nuclear power’s that buiding and running a hypothetical South African pebt
primary energy output and installed capacity are roughly thed design might cost perhaps $0.05/kWh delivered, but ¢
same as renewables’, though its electric output is about folistoric experience with papes.real reactors, twice that wou
fifths higher due to nuclear plants’ recently improved capacibe more plausible.) Existing coal plants often run at or be
factors. $0.02 and hence deliver at about $0.045/kWh for existing pl:
The basic reason for this market disappointment is not pubfi€aner new ones would raise that to roughly $0.06-0.08/k
concern but unfavorable esomics. ASThe Economiss 19 May —almost certainly cheaper than new nuclear plants. What else
2001 cover story concludes, nuclear power has gone from 168s to build and run than nuclear power?
cheap to meter to too costly to matter, especially in an The most potent competitor, many-fold cheaper t
increasingly competitive marketplace. A nuclear plant with zejost running existing nuclear plants anywhere in the world,
capital cost is now cheaper to write off (and give away equival@md-use efficiency—a resource that's also many-fold larger
electricity-saving equipment instead) than to operate. Nuclearerage historic U.S. cost, including many poorly designed
power’s unpleasant capital- and repair-cost escalation agtuefly residential programs, is only $0.02 per saved kV
technical surprises are worldwide phenomena, independentabéady delivered to the customer’'s premises. Well-desit
politics. Even France’s nuclear program was outpaced twofold figyrofits, however, can save most of the electricity now use
energy efficiency, bakrupted its operator in all but name, and iempirical costs typically ~$0.005/kWh in the business secto
unlikely to be replaced by more reactors. During 1990-99, glold&-month payback at a 5-cent tariff)—even less than zero in
capacity growth averaged only 1%/y for nuclear power (to 3Bdiildings and factories. (My own 90% saving in housef
GW), vs. 17%/y for photovoltaics RVs) and 24%l/y for electricity had a 10-month payback in 1984; today’s technolc
windpower. That's no longer simply rapid growth from a tinyare far better and cheaper.) Saved energy is currently the L
base: in the 1990s, nuclear power averaged global addition$Stites’ largest single source of energy services, delivering
3.1 GWly, yet in 2000-0lwindpower is adding 3.5-5 GW/y, fifths of their total. Reduced primary energy intensity dur
and by the end of 2001 should reach 22 GW. 1975-2000 is now an energy “source” over five times as bi
Nuclear power’s main if not sole Competitor Wagiomestic oil output, over twice total U.S. oil imports, over
originally presumed to be giant coal plants. These are né#ies Persian Gulf imports, and 7.7 times primary nuclear er
equally obsolete on the margin: many competitors work bet®4tput. Oil productivity has indeed doubled since 1975.
and cost less than either. That's why central thermal plants ar&lectrical productivity is far less mature, having improved @
seldom ordered nowadays except by a handful of centrai% during 1975-2000—partly because electricity has t
planned energy systems. Nuclear salesmen scour the world foeavily subsidized and promoted, has typically been price
single order, while vendors of combined-cycle gas plant@yerage cost rather than on the margin, and is distribute
microturbines, wind turbine®Vs, and energy efficiency strive utilities that in 49 states are rewarded for selling more energy
to meet bulging order books. penalized for cutting customers’ bills. Nonetheless, electi
If no existing nuclear plant suffers an accidental diroductivity since 1997 has sustained its steadiest gair
malicious radioactive release serious enough to compel theigtory, averaging 1.6% per year—half as fast as the aggr
early shutdown, they’ll probably operate until they’re too cost§fop in primary energy intensity. One-fourth of the natio
to maintain. In theory, they must also compete in econonfitectrical saving has come from California, even after
dispatch (lowest short-run marginal cost of operation), but #f¢emand-side efforts were derailed in the mid-1990s. Califc
fact, many U.S. reactors have won “must-run” status entitlifgs held its per-capita use of electricity nearly flat for the
them to run whenever available even if uneconomic, whiélarter-century, saving 25 average GW compared with
~20-25% of them already are against market-clearing prices. iQfensity prevailing in the rest of the U.S., and boosting
Sweden, Sydkraft unsuccessfully sought compensatiomdbr €conomic output by investing more productively the billions
continuing to lose money by runniarseback at an operatingdollars thereby saved. Analogously, the Electric Power Rese
cost roughly twice the price of imported power.) The U.S. shokastitute, at its 2001 summer seminar, presented an “enhe
run marginal cost of nuclear electricity at the busbar is typicafyoductivity” scenario envisaging 3%/y gains in electri
reckoned at ~$0.015-0.039/kWh; the average in 2000, under Beductivity (a 45% drop in intensity) during 2000-20.
industry’s restrictive definition of costs, was about $0.018. (ThisEPRI's 1991 conventional wisdom was that over half of L
article uses constant year-2000 U.S. dollars throughout. Ngctricity could be saved at an average cost around $0.03/
capital ad@tions—major repairs that are really hidden operatingMI’'s far more detailed analyses in the late 1980s, u:
costs—increase the industry’s declared operating costs, as wauttpirical cost and performance data for more than 1
fully internalized waste, decommissioning, and major-accideteichnologies, found potentiedtrofittable savings around 75%
costs, now typically socialized.) an average cost around $0.0085/kWh. The potential tod:
In any event, the cost afeliveringthe power to the customerundoubtedly larger and cheaper, because better technologie
must also be added for fair comparison with onsite options tiiglivery methods have more than kept pace with “depletion
require no delivery. Delivering the average U.S. kWh costfee efficiency resource. Indeed, new integrative design met
roughly $0.025/kWh for the capital and operating costs and tygvw.natcap.orjycan often make very large energy savings
losses embedded in the existing grid; residential delivery cosé$sthan small or no savings—“tunneling through the ¢
or costs of marginal delivery capacity (new transmission aR@rrier.” Moreover, ancillary improvements in service qual
distribution capacity), are often several-fold higher, but let's ugéich as a ~6-16% gain in labor productivity in efficient offic
the historic average figure as a cansgism. Nuclear power’s are often an order of magnitude more valuable than the <
typical short-run marginal cost, delivered to the customer, is th@Rergy. Proven methods ww.rmi.org/images/other/C
about $0.045/kWh using the industry’s narrow cost definitioflimateMSMM.pd) can also convert the scores
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implementation obstacles into lucrative business opportuniti& of four Montana counties, or 0.6% of the Lower 48 state:
“Negawatts” can be marketed so quickly that during 1983-8&H| of U.S. annual electricity could come from ordinary F
the ten million people served by Southern California Edis@mtcupying half of a square 160 km on a side (though one w
company cut the ten-years-ahead forecast of peak demandatiyally site them in distributed fashion, chiefly on buildings)
more than 8%per year at about 1% the cost of new supply. Aneither case, the land-use can be shared, much as farme
in developing countries, efficiency investments can cut margimahchers do now, earning valuable revenues from the wind
capital needs by four orders of magnitude, making the powsows above their herds and crops. Modern renewable so!
sector—now a black hole for one-fourth of developmemepay their energy investments in months to a few ye
capital—a net exporter of capital to fund other developmeilitistrating their materials-frugality, 1 kg of silicon in thin-fil
needs. PVs can produce more electricity than 1 kg of uranium |

After end-use efficiency, typically the next cheapegiressurized-water reactor. Further PV breakthroughs con
competitors are three kinds of new generators: (e.g, Science2931119-1122 (2001)).

1. Con'bined-cyde gas turbines (Often ~%$0.05-0.06 per Meanwhile, the net revolution—distributed utilities—is
delivered kWh at 1999 prices, including 30-year fixed-pric@ining momentum. A3heEconomistremarked (17 May 2001

gas contracts, or about a penny more at 2001 prices du@®gne ed.), “In fact, the trend since the mid-1970s has |
temporary turbine and gas shortages), towards smaller plants. It imicropower, nomegapower, that th

2. some renewables (notably, well-sitedindpower costs marketfavours, thanks to the far smaller financial risk involve

~$0.055—-0.06 per delivered kWh and will soon drop to &Y forthcoming bookSmall Is Profitable: The Hidden Econorr
bilow $0.05 mFi)nus a%\(l) 015 subsidy invtvrl]e u.s.) ang enefits of Making Electrical Resources the Right Stmews
. o . o how roughly 125 “distributed benefits” of decentraliz

3. onsite and hence requiring no delivery, industrial a

: . J ; ectricity sources can typically increase their economic valu
commercial co- andrigeneration from larger units or from roughly tenfold, making eveRVs cost-effective today in mot
microturbines, again using 30-year constant-price 94 plications. Even more valuable than familiar electri

contracts (~$0.005-0.05, often ~$0.01-0.02, per deliverg gineering attributes—lower grid costs and losses, hi

kKWh net of thermal credit). , reliability and power qualitydispatchable reactive power, ne
In short,any of three abundant and readily purchasablgfinite ramp rates, etc.—are the lower financial risks of sn
resources—efficient end-use, efficiently used gas (especiallyort-lead-time modules. For example, a 10-kW resol
when thermally integrated), and windpower—can easily bgaktallable overnight could cost 2.7 times as much per kW
new and can even beat most old nuclear plants on private integtah\w resource installable in two years, yet yield identi
cost. Any one of these three competitive resources would M@§Rincial performance. In the new arena now emerging, disc
nuclear power unnecessary and uneconomic. Two of them giRs are project-specific and risk-adjusted, new market a
climate-safe, and the third has very low climate impact. Evgipgerstand financial economics, and competitineréasingly
thou_gh cogeneration is typlcally gas-fired, full p_ra(_:tlcal an@mpraces all options. Continuing nuclear owners
profitable conversion to it would cut U.S. g@missions by consolidation may improve operations more than it concent
about 23%. risks, but thefiresale prices realized at used-reactor sales ir
These three formidable competitors to nuclear power are belag: 1990s confirm a market eption of low or even negati
joined by another that's just entering volume production. Bng-run asset value.
winning dark horse, ~60%-efficient proton-exchange-membrane Nuclear waste accumulates, and neutron fluence r:
fuel cells, is poised to capture most of the power market dlrécommissioning costs, proportionally to nuclear po
buildings, which use two-thirds of U.S. electricity. Its *$800/kV¥;eneration. Moreover, nuclear power’s having died of
initial cost will drop rapidly, ultimately to <$50/kW. Thejncyrable attack of market forces—plus the end of the (
transition to a climatically benign hydrogen economy, profitablyar—offers a unique opportunity to inhibit proliferation
at each step starting noww{w.rmi.org/images/other/HC- fissjle materials, skills, and equipment become no lor
StrategyHCTrans.pdif is starting to be rapidly implemented byordinary items of commerce (except for minor and rea
major firms. One of its consequences—wellhead reforming @4feguarded medical and industrial uses). This would make
natural gas with CQreinjection—would make the world’s two nomp-kit ingredients harder to get, more conspicuous to ti
centuries’ worth of kn0\_/vn gas proﬂtabl)sable without climatic get, and politically far costlier to be caught trying to get
harm. (Contrary to the impression of son@experts on natural supply, because for the first time, the reason for wanting t
gas, this is a rather ubiquitous and abundant resource, Whiclygid be unambigpusly military. This exposure of illici
partly why the Department of Energy projects U.S. combinegansactions—now hidden in and rationalized by a vast flo
cycle gas capacity to surpass nuclear capacity later in thigposedly innocent civilian nuclear commerce—would
decade: 126 GW in 2010s.97 GW for nuclear power in 2000.) make nuclear bomb proliferation impossible, but would mak
Professor R.H. Williams at Princeton University even makes® more difficult, and would focus its resource flows ir
plausible case that hydrogen may ultimately be more cheapbtrower, more readily monitored channels. This potential fc
made from coal than from natural gas, with carbon sequestraigiarnally consistent nonproliferation policy was summarize
in both cases. Foreign Affairsin Summer 1980 and in the 1979 bo
As IIASA first showed for inefficient solar trough Energy/War: Breaking the Nuclear Linfoday, its preconditions
systems two decades ago, renewable power generation issomewhat visionary at that time, have been realized, an
more land-intensive than the full nuclear or coal fuel cycléogic is as tight as ever.
Denmark, now 16% wind-powered, is on target for 50% by 2030, A word about California’s current electricity crisis m

since resolved by wind diversity on a mesoscale). A fifth of U.gs causesyww.rmi.orgURLTOCOME). The published officia
electricity could be made by modern wind turbines occupyiRghta clearly show that California did not suffer soaring electri
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demand, least of all from the Internet; that the state added in phierity; why it's irrelevant whether nuclear power can beat ¢
1990s more new generating capacity than its 4.3-GW nuclgamwer as long as any other option costs still less; and
capacity (but the additions were distributed and nonutilitpuclear power makes global warming worse.

therefore seemingly invisible); and that the state was not short of Nuclear power is a future technology whose time

oil, which anyhow generates <1% of its electricity. The actughssed. Its economic problems are so ineluctable that it v
causes were many and complex. Fundamentally, the megil fail even if it had no political, environmental, safety,
important cause was botched restructuring and concentraggdurity problems. And as the retitent of the older, highe
market power: seven firms control two-thirds of the biddinguality nuclear pioneers continues the worrisome trend pred
space, so each can move the market. Each therefore earne@yfajobel physicist Hannes Alfvén—that the enterprise will “¢

more profit by selling less electricity at a higher price rather thaito ever less competent hands’—each dollar spent to addre
more at a lower price. Until June 2001, 10-15 GW wagnsolved problems will buy ever less solution.

apparently being withheld from the market, not all legitimately;
that's why the same system that met a 53-GW pgak load\ifh a |

2001. It's not obvious that new capacity built by the same firp§aer
that already exercise excessive market power will solve thy

problem, since those firms will then have even more capacity0:quntapility for long enough to make really big mistakes,
withhold and no less incentive to do so. when its advocates develop a reputation for mendacity
Nuclear power is unrelated to this problem save in thgitaph could be: “Here lies a technology that failed becau
fundamental sense that its high “stranded asset” costs helggfinot take its discipline from the marketplace, its values f
trigger the dreadful restructuring, and in the minor sense thadicustomers, and its design from nature.” Its seemingly ¢
1.1-GW outage at San Onofre contributed to the problem. Mgi®mise was betrayed by tragic flaws.
nuclear power certainly wouldn’t help timely (or economically) nyclear power has been called “a fit technology for a w
even it could be financed and sited. In facBason’s 6 August ¢4seeing, and incorruptible people.” A pity we haven't more
2001 cover story noted, the U.S. is already building more powggm "Byt its best legacy would be not to make the same mi
plants than it might plausibly need. Such overshoot, last see in: and the best way to do that is to take economics seric
the mid-1980s, occurs when slow-to-build central power plangie gysh Administtion’s claims that nuclear power is safe
collide head-on with quickly captured efficiency. In the first sixaaqs an extension of its unique statutory cap on Iiabilify

months of 2001, for example, even before price hikes Ritqior accidents, and is economic, but needs another $1.5 £
Californians’ electric savings undid the previous 5-10 year, tax preaks, is perplexing to advocates of free markets,
demand growth, helping to stabilize the market andrate the | 54y seems a propitious start at acknowledging and respe
ticket-scalpers’ ambitions. market outcomes.

Some advocates hope an oil shock will restore nuclear Shorn of distracting details, the nuclear power issu

power’s market credibility. Oil shocks may well recur, though;

: : 5 ple. The technology has failed in the marketplace—a tr
the world is far better prepared for them—the Gulf War triggereflisa|iocation of talent, work, hope, and investment that dese
no oil shortages. Yet the rational response would be not

> . ; ter and that continues to distort public choices. Howe
slowest, costliest option—and the one whose output, electric

epting the verdict of the marketplace will yield the ri
is least fungible for oil—but rather efficiency, distributed therm nergyl p%licy c\gncllusion and will als% simp\),\llilfy ﬁle poIiticsI

; . - P¥ding the least unsatisfactory place to put nuclear waste
oil problems will fade away assuperefficient cars , gerly terminal phase should be designed for this unfortu
(www.hypercar.com save as much oil as OPEC now sell§pigiage—put can't be, so long as nuclear theology domir
helping to make' 0|Uncor‘rpet|t|ve' even at low prices before Itpolicy. If recognized, however, the commercial collapse
becomes unavailable even at high prices. Moreover, each fgfzgar power, and the rise of better energy alternatives, cot

cell HypercaP" will be a 20-40-kVymobile power plant. When 4 rned into the long-awaited missi tep t d eff
parked, ~96% of the time, it can be plugged into the hydrogg.%'ér?sro|i:cgr:l)tionfe ong-awaited missing step toward etiec

appliance in a nearby building and into the grid, electricity sales
to which should repay up to half the car’s lease cost. Such a flseory Lovins, a MacArthur Fellow and originally a consultant exper
will ultimately have ~6-12 times as much generating Capacity;gysicist, is a frequent advisor to utilities and other industries,

all power companies now owsyet another nail in the nuclearcofounder and co-CEO of the independent nonprofit applied resear
coffin. Rocky Mountain Ingtite (www.rmi.org). Published in 27 book

, . . hundreds of papers, his work has been recognized by the hal
_ _Nuclear advocates’ last hope is that climatcerns nopel,” Onassis, Nissan, Shingo, and Mitchell Prizes,Happold Me
will revitalize their option. Alas, they've overlooked opportunityang the Heinz, Lindergh, Hero for the Planet, and World Tech
cost—the impossibility of spending the same money on tw@vards. Portions of this article are adapted from one invited
different things at the same time. If saving a kW-h costovember 1999 British newsletfeower Economig, and from the ope
(pessimistically) as much as three cents, while delivering a kWadidress to the Nuclear Control Institute’s 9 April 2001 symposium *
of new nuclear electricity cost (very optimistically) as little as sixower and Nuclear Weapons: Can We Have One Without the
cents, then the six cents spent for each new nuclear kW-h cdi#@w.nci.org/conf/lovins/index.hjm

s, those plants will long stand as a monument to
dppens when a technology avoids market and poli

instead have boughto kW-h worth of efficiency. The nuclear Amory B. Lovins,
purchase therefore displaced ofess kW-h of coal-fired CEO (Research), Rocky Mountain Institt
electricity than the same money could have done by buying the ablovins@rmi.org
cheaper (efficiency) option instead. That's why the order of WWW.rmi.org

economic priority must also be the order of environmental

Expanding Nuclear Power Worldwide Without Proliferation
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William Sailor

Of the countries that are party to UN Framework Conventidilild and operate the carbon-free plant than the convent
on Climate Change (UNFCCC), the two with the lowedpssil fuel power plant. The owner of the plant must get st
emissions of carbon dioxide per unit of gross domestic prodfi@ncial compensation or avoid some financial penalty for
are Japan and France, the two countries with the greate®ltting CO2 in order that it be persuaded to select the ca
commitments to nuclear energy. If the UNFCCC were ultimateffee plant. Suppose that the power plant owner is require
successful it would mean that atmospheric CO2 concentratié#$ain a permit to emit carbon dioxide into the atmosphere €
would not double the current level of about 3%fm. If the month, and that the permit costs $100 per ton of carbon. L
world's easily-recovered uranium reserves ssioned in these circumstances, a carbon-free power plant would &
reactors, about 530ppm of atmospheric CO2 emissions coul@aying hundreds of millions of dollars every year for permits.
be avoided. Other reserves could stretch the contribution byrrom a policy viewpoint, this type of mechanism is a gt
orders of magnitude. Thus, nuclear energy potentially has a lawggey to balance environmental and economic objectives.
role to play in meeting the goals of the UNFCCC, especiallydbrporate and other decision-makers, they will be able to r
other technologies do not live up to their promises. business decisions based on the information available in

Rather than allowing nuclear energy to place a central rolemiarketplace. The only requirement for this mechanism to v
the UNFCCC, the parties recently agreed not to allow nuclegpoothly is that investors be fairly sure that they car
energy into its Clean Deve|opment Mechanism (CDM)_ THétherWiSE avoid the need for the permits. This mechanism ¢
representatives from the European Union, especially, think itWerk even if dollar amount of the emission permit were dict:
easier to leave nuclear energy out of the mechanism than addd¥sgovernmental fiat. However, if there is a market mechar
problems with nuclear proliferation and reactor safety. Some al§@t determines the value of the carbon dioxide perr
claim that nuclear energy is not sustainable, although, as shdaf@rmation about carbon values will be continually upda

above, it is difficult to support this argument on the basis #gpending on world economic conditions. It is theref
resource depletion. preferable to use a system based on tradable carbon-em

Without nuclear energy, there is no reason to believe tfpgrmits and allow there to be a world market in permit trading
carbon-free technologies will be adequate to meet future energyhe nation where a power plant was built would then sin
demand, especially in the developing world, unless the goalsséow the UN body charged with climate-change tre
the UNFCCC are abandoned. Simply stated, burning fossil fg@mpliance that it is enforcing its permit laws. Natiol
(without sequestering the CO2) is now the most economiggvernments would have no other obligaf[ions theoreticall
option for most of the developing world. This will not changthere were a free world market on the permits.
unless there are dramatic developments in carbon abatemeN nation has yet seriously adopted this type of strategy,
technology, or nuclear power is allowed back into the CDM. #s a result there has been essentially no abatement of green
nuclear power is put into the CDM, much additional care amggs emissions in the world other than for reasons of econ
thought must be added as well. downturn. In the future, if this changes, each country will tn

The most serious objection to nuclear power -- some wodglow its target emissions quota for each year. Control of t
say the only serious objection -- is the possibility that it migatobal carbon dioxide emissions would occur simply by limit
foster nuclear weapon proliferation. Therefore, it is importaite number of permits issued worldwide.

that there be mechanisms to address this concern. Enforcement of compliance could raise some very ser
h | K political problems at the international level, which would tent
The Carbon-Control Framewor make the regime unstable. Suppose a country has an eco

The details of the nuclear aspects of a future agreement r@eession but still needs to spend large amounts of mone
difficult to envision without first discussing the currentontrolling carbon emissions. There would be strong motive:
framework for greenhouse-gas-emission mitigation. It is assuntbdt nation's government to either stop enforcing the emiss
that some sort of workable but realistic framework will survivpermit process or to withdraw from the treaty completely. 1
into the future with most of the industrial countries participatingroblem would nearly disappear if there were a zero-cost wi
It is also assumed that the CDM will survive, allowing thavoiding fossil fuel use. However, at the present time there a
industrial countries to export carbon-free power technology &voidance technologies that are widely applicable, especia
non-participating countries to collect credits. the transportation sector, that have zero or negative cost.

The agreement to reduce carbon emissions encourages natid@divation to stay within the regime becomes greater if
governments to create economic incentives for constructing &f®nomic costs of staying in the regime are lower. If costs ar
using carbon-free power plants. Alternatively, they would credtigh, the regime will collapse.
economic disincentives or taxes on carbon dioxide emissionsDeveloping countries do not, in general, want to join
Either way, the fundamental metric for this incentive is thegreement. Countries such as India and China intend to e»
“"carbon value" expressed in units of $ per ton of carbon avoidéteir economies significantly over the next 50 years, wan
This value may be determined by fiat or by market or by exemption because their fossil fuel use per-capita is only a
combination. In general, the more stringent the emissiofnaction of the average for the developed world. There
reduction goal, the higher the carbon value. If there is greatargeting their allocation to a previous year's emissions st
international participation and trading allowed, the carbon valuafair to them. Some compromise could be worked out, w
will tend to be lower for a given amount of carbon reduction[1]. developing nations were not asked to fully join the internatic

Suppose a power plant generating a thousand megawatt§egime until their per-capita income level reaches a ce
electrical power needs to be built, and there are two choices ff@ction of the developed world average. All of this is a curi
the fuel; one is coal and the other is a carbon-free fuel. Suppgdbject for debate at the international level and, for the -
further that (in the absence of added incentives) it costs more to
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being, the agreement does not require that the developing nationere would be special "transitioning" provisions for a wea
control their emissions of greenhouse gases. state such as India who wishes to receive the nuclear p

The distribution of permits within a country (by itsplants. It would be obligated to join the NPT and agree to
government) is properly the internal affair of each nation. FONFCIRC/540 safeguard protocol. It would immediately s
example, France may simply distribute some permits to its largewn and begirdismantlement of any plutonium-productic
state-owned industries and require private industry to pay a fixeactors that are not also used to produce electricity. Pc
fee for each allocation of carbon dioxide emission. In anothemoducing reactors and dual-use reactors would contint
country there may be an auction. In any case, each governnapdrate unless replacement capacity is provided on a temg
can raise revenue by selling the permits; this revenue stream lgasis by the exporter country through, e.g., small gas turbin
pay for the costs of enforcement. would store all its separated fissile material in cans or canis

Governments, of course, also have the right to create &ffls would be put in place on the frozen materials while the
enforce all sorts of laws and regulations regarding tf@wer reactors are under construction. It would cease produ
technologies that are allowed for energy production. F@f highly enriched uranium, but not low-enrichment uranit
instance, local governments may ban certain energy technologg&ing the period of time when the new power reactors are k
they deem to be inappropriate, possibly including nuclear poweHilt, the IAEA will verify the accuracy of the initial declaratic
Export of carbon-free power plants could occur under the safifenaterials and facilities. The nuclear components of the
treaty, without additional protocols, if both the exporter and tfigactors would not be delivered unless the IAEA verifical
importer were treaty members. The corporate exporter and fiecess was complete. When the installed capacity of the

importer would divide the costs and profits according to thedower reactors exceeds the capacity of the old infrastruc
own, separate agreement. dismantlement of the old power reactors would begin.

A separate mechanism, the CDM, is required to account forl he subsidized power reactor exports could only add stal
construction in developing nations that are not party to the tred§. the non-proliferation regime because it would prov
If a developed nation exports a carbon-free power plant tdngentive to join and stay within the regime. The NPT would
developing nation, it could receive an allowance for tHeave to be amended; the process of accepting the power

avoidance of an appropriate amount of greenhouse gases. ~ along with the enhanced safeguards would be voluntary and
discriminatory. Low-enrichment uranium fuel will be supplied

Nuclear Exports the recipient nation under long-term contract. Reprocessing t
A high-visibility template for proliferation-resistant nuclearenrichment of fuel would be disallowed. The spent power re:
power export is the Agreed Framework (AF) between the US &lt@l can be monitored on the site or moved to another loca
North Korea (DPRK). The effort to halt the DPRK's nucleguch as an international or regional facility. Under
research assumes great importance in the present context beddg@sétoring, theburnup and the history of every fuel assem
it holds powerful implications for the evolution of thewill be known and catalogued.
international non-proliferation regime. If agreements that are a§he new plants would come with a limited-term mainteng
good or better can be made, more countries can be brought ageeement and an initial, interim work force. During this star
the center of the regime. The parties to the UNFCCC shoulériod, the recipient nation will have to learn how to perfc
borrow from the AF to include nuclear energy in the CDM. maintenance, repairs and refueling. There will be a period w
Under the AF, the government of DPRK has agreed to fredi interim work force will be training the permanent work fo
and ultimately abandon its nuclear weapon program in excharigeugh an apprenticeship program.
for support from foreign governments in constructing two state-The plant owners will not receive the subsidy unless the
of-the-art nuclear power plants in North Korea. The powés built and operated according to international (IAEA) sa
plants, built under modern safety standards, using a proliferati@tandards. If the recipient nation is not capable of running
resistant fuel and reactor design, will be safeguarded by then plants in a safe manner, the safety standards mu
International Atomic Energy Agency (IAEA). The swap, whichmported with the power plant. A workforce will be trained in 1
is verifiable, is a good deal for all the parties involved. In thsafe operation and maintenance of the plants. These nt
particular case, the money is provided by the governmentswairkers will be trained how to run plants safely, how to main
Japan and South Korea, who have an interest in stability golants safely, and after a few years will have come up to the
peace in the region. of training which will qualify them in apprenticeship roles.
Integrating nuclear power into the CDM would require theegulatory force will be trained for those countries that do
nations to work closely with the IAEA to set standards for reactdave an independent regulatory commission that regulate
safety, waste disposal and nuclear safeguards. Credits wouldmiear industry. The regulatory force itself will have to com
be made available unless the recipient nation is in good standiith international standards.
in the NPT and dismantled any nuclear weapon infrastructure an@ihe recipient nation would relinquish any ownership rig
reprocessing facilities. The countries that are already within tbeer the spent fuel and agree to the transfer of the spent fu
regime but have not accepted the current (INFCIRC/546j) its territory as soon as technically possible after the fu
safeguards standards from IAEA would have to accept the neéischarged. Dry spent fuel storage technology is not out o
standard. The recipient nation would also provide its initiguestion for many sites around the world. A typical storage
declaration of materials and facilities, and have that declaratisrmade out of reinforced concrete, and each one weighs i
verified by the IAEA. This whole process could take as long asl@0 tons. The fuel cannot be removed unless one has a s
few years and could cost the IAEA considerably in terms bfting device to actually lift the entire cask and take it tc
resources. Therefore, the exporter and importer nation wouldféeility that disassembles it. The casks would be stored wher
required to be in good standing with respect to their IAE#pacing is several meters and resolution typical of op
monetary obligations. cameras from a low orbit satellite is about one meter
individual casks can be easily resolved in satellite imag
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Commercial photography in the visible and infrared range may the best international standards. In fact, if done carefully

be used for verification. expansion of nuclear energy under the CDM could actu
. reduce worldwide nuclear proliferation and reactor sa
Conclusion CONCEmS.

Nuclear energy may have a significant role to play in William C. Sailor
preventing dangerous climatic changes, especially if there are Mail Stop F-607, Los Alamos National Lz
troubles expanding other forms of carbon-free energy. But Los Alamos, NM 8754E
nuclear energy has been blocked from admission into the (505) 665-5348,
UNFCCC's CDM because of the argument that it is not (505) 665-5283 fax
"sustainable,” and also because of concerns about nuclear sailor@lanl.gov

proliferation and reactor safety. Yet the resources of fissionable

material, especially if uranium from seawater is included, aff§ \v. p. Nordhaus and J.G. Boyer, "Requiem for Kyoto: An econon

ess_ential_ly inexhaustible. Legitimate concerns about nyclear Analysis of the Kyoto ProtocolThe Energy Journal, Kyoto Specic
proliferation and reactor safety can be addressed by using thessue 1999, p. 93.

CDM as a means to bring the nuclear programs of the world up

Is Radiation an Essential Trace Energy?
John Cameron

Introduction a year by a panel of eight scientists with expertise relevant t
e . o , . research. Appendix 2 of the final NSWS report states: "
Radiation protection policy in the United States and in most-fgchnical Advisory Panel (TAP) was formed in 1980 a
the world is based on the assumption that the risk of a radiatgqgndmg committee of experts who would provide objec
induced fatal cancer is linearly proportional to the dose. Thisggyice to the project staff on a continuing basis. In selectin
known as the linear, no-threshold (LNT) model of radiation risksempers, it was important for each [TAP member] to have
There are no human data to support this assumption for a shegfsonal research experience with some of the problems re
term dose below 0.&y--the equivalent of about two centuries ofg the Shipyard Study. Disciplines which we believed to
exposure to natural gamma radiation. If there is a threshold atithdortant and which were included in the group are: radiz
Gy (and much larger for low dose rate radiation) or benefits frqm)mgy and radiation physics, medicine, genetics, indus
the low dose rate radiation received by many workers, billions H’\}giene, epidemiology anbiostatistics.” The scientists wh
tax dollars can be saved annually in the U.S. served as members of TAP were Dr. Arthur Upton, (chi
I describe two little known peer reviewed human radiatioBilbert Beebe, John Cameron (the author of this article), C:
studies, which strongly support the hypothesis that ionizimgennison (who resigned in 1983Merril Eisenbud, Philip
radiation stimulates the immune system. The U.S. Natior@hterline, PhilipSartwell and Roy Shore. TAP met twice a y:
Council for Radiation Protection and Measurements (NCRP), hageview data, question the scientific staff and make sugges
ignored these data in providing guidance on health effectsgdrly in 1988, TAP approved the draft of the final report.
radiation to the U.S. Congress. These data suggest the need fppe summary in the final NSWS report (p. 393) states: "
research on radiation benefits. Currently, radiation resea@lﬂpyard nuclear worker population represents a large numkt
concentrates on the known cancer risk at large doses. individuals exposed to low documented [doses] of radiat
The U.S. Gulf States have a high cancer death rate comparady receive this radiation almost exclusively from gamma
to the mountain states although background radiation is mufife to the decay of cobalt-60. Within the [shipyard] popula
lower in the Gulf States. | suggest they are suffering frothere are comparable groups of workers exposed to negligit
radiation deficiency. | will propose a double blind study usingo radiation at their shipyard jobs but who engage in sin
increased radiation to stimulate the immune systems of seniark. Therefore this is an ideal population in which to exan
citizens in the U.S. Gulf States. The idea that radiation tise risks of ionizing radiation in which confounding variables
beneficial is not new. For centuries, millions of people ha controlled. *"

visited health spas with high radiation levels. There is anygte that the study was to examine "risks" rather than "he
extensive literature on radiation benefits. (Luckey 1980; 1991) gffects" or "health benefits". The final report concludes, ™

The nuclear shipyard worker study (NSWS) [exposed] population does not show any risk which car

Nuclear ships have been built and maintained in seven E)lgarly_ ?Sspc'ated with radlatlon_ exposure in th_e curi
shipyards for over 40 years. In 1980, the US Department Jfaysis-" Since the study was looking for risks, the final re
Energy (DOE) gave a contract to the School of Public Health es not mention the significant health benefits of radiatio

: . : L ; lear workers. No article has been published on the

Johns Hopkins University to study radiation risks to nucle € nuc o ;
shipyard workers. This study, which extended for more thar? the NSWS. After waiting for over a decade, | feel it
propriate to call the results of this important study to

decade, cost the taxpayers $10 million. This was the World's b ntion of other scientist
epidemiological study of nuclear workers. The study has yetq ention ot othe §ce St )
be published more than 12 years after its completion in earlyl "€ nuclear shipyard worker study consisted of three grc

1988. The final report of the study has been available since 19¢flear workers with cumulative doses greater tharrénbdose
(Matanoski 1991) effective (NWO.5); (A dose of 0.5 rem is roughly five years

Although the nuclear shipyard worker data have not begﬂckground radiation, excluding contributions of radon prog

published, the study had excellent peer review during its eig (?_the lungs.); nuclear workers with cumulative doses less

year duration. The DOE contract provided for peer review twi e5 rem (NW<O'5); and non-nuclear workers (NNW). of simi
ages and jobs as the nuclear workers The numbers in each
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Table 1 The important finding from the NSWS is support of 1

Deaths from All Causes, Person-years and Death Rates* for hypothesis that a moderate dose rate of radiation is benefic
dose nuclear workers (NWO0.5)): low dose nuclear workers ~ the health. The NWO0.5 group had a death rate from all ce

. _ : 24% lower than the control group. That is, their death rate

(1N9\é\/1<8..5é)é%nd non-nuclear workers (NNW) (aftéatanoski 16-std.dev. lower than the controls (p< 10-_16): . If the s_tuqu

High dose [Low dose Zero dose had been to look for health benefits of ionizing radiatior

_ would have been a huge success. As a study to find radi

Workers in subset 27,872 10,348 32,510 risks, it was an abysmal failure. This may explain the reasol

Person-years 356,091 |139,746 425,070 study has yet to be published. | published a brief summary c

Deaths 2,215 973 3,745 results in 1992, shortly after the final report was submit

Death Rates per 1000’ 6.4 71 9 (Cameron 1992) | know of no other publication or referenc

Death Rates (SMR)**0.76 0.81 1 this important study.

95% C.L.**** (0.73,0.79) |(0.76,0.86) (0.97,1.03) The British radiologists study (1900-

* Rates calculated per 1000 person-years. ** Adjusted for de 1980)

excluded from analysis due to unknown date of death. ** Us ~ The reader may think that the nuclear shipyard stud
age-calendar time specific rates for U.S. white males. **+ ¢ contradicted by other human studies. | know of no contradic

= 95% Confidence intervals. studies. One other radiation worker study--the Brit
) . . radiologists study. (Smith and Doll 1981)-- also looked at
are given in Table 1. The total study group consisted of neagyath rate from all causes. It gives results consistent with N<
71,000 workers with a total of over 922,000 person-years. (Table 2.) Radiologists in the study were divided into t
Although the study involved radiation, no summary is given gfroups--those who joined a radiological society before 1921
the cumulative dose inrém-years". An estimate can be madeéhose who joined such a society after 1920. The dividing
from Table 3.1.C1 in the final report. Doses to the NWO.5 growas chosen because the British x-ray safety committee be
were divided into four dose categories. A worker may contribugetive about 1920. There was a need for the committee as d
to each of the four groups. A rough estimate from that tabfable 2 indicate. The large radiation exposures to e
suggests that the NWO0.5 group, had average doses 5 to 10 timaéiologists significantly increased their cancer death
their cumulative dose from background (excluding radatbmpared to three control groups of men in England and Wal
progeny.) Their occupational dose was comparable topegpite the large occupational exposure to the e
background doses received by people living in mountain stateseadiologists, their death rate from other causes decreased. T
When the study started, the statistical power of the shipyahgre was no statistical evidence of a decrease in long
worker study was known to be inadequate to show an increasedmpared to the three control groups. This suggests that rad
cancer. The final NSWS report (p. 379) states "The shipyagtimulation of their immune systems canceled the radis
worker study has less than a 20 percent chance of detectingnaiticed cancer deaths.
excess of leukemia at the level of the BEIR Il report estimates."rhere can be little doubt that the British x-ray saf
Rather than showing increased cancer, the cancer death ratgop{mittee did its work well. Note the great decrease in ca
the NWO.5 group was over four stdev. lower than the NNW geath rate after 1920. More importantly, the study provi
control group. This good news is not mentioned but the data 8f®ng support for radiation stimulation of the immune syst

available in the final report. Note the statistically significant decrease in deaths from
causes. The probability of this heal
Table 2 improvement being accidental is genera

Mortality of British Radiologists 1900 to 1980 lower that 0.001.
Short-term (acute) radiation

Deaths of British radiologists were compared to three groups: @
doses may also be beneficial

A---All men in England and Wales; B---All men in social class I; C---All mal Short bursts of radiation appear to stimul
medical practitioners. A total of 1338 radiologists were divided into two grou he i : The arti I?DB inend
"Before 1921" All British physicians who joined the British Institute of Radiolo{"'® Immune system. The article ginendeger
or the Royal College of Radiologists before 1921 and "After 1920" All BritiSt al (1998) suggests that a short-term (ac

physicians who joined either society after 1920 (From Smith PG, Doll R. 1981) ggzﬁgcr)fogﬁ? é;geaneixmcelllljsdi_ﬁgbggo%og %Z?nsy

O/E = OBSERVED/EXPECTED about optimum.
BEFORE 1921 AFTER 1920 A dh tudv of
OBSERVED O/E OBSERVED O/E proposed human study o
SEATHEROM A 005 o Teo radlatlon stimulation of the
: ol iImmune system.
ALL CAUSES B 319 1.04 411 0.89 When there are controversies in science
c 0.97 0.87* indicates inadequate data. The pres
DEATH FROM A 1.26* 0.63*** controversy over the health effects of low dc
ALL CANCERS B 62 1.44*%* 72 0.79* rate radiation calls for a prospective doul
c 1 7Gxk 1.05 blind human study. The DOE has set as
. . research funds to study risks of low dose 1|
DEATH FROM A 0.95 0.79 radiation but no funds to study benefits, suct
OTHER CAUSE:B 257 0.97 339 0.92 demonstrated in the British radiology and t
C 0.88* 0.84** nuclear shipyard worker studies.
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| propose a prospective double blind human study to seeagditional medical care, medication or expensive labora
increased radiation stimulates the immune system. If the res@gltgdies. | am sure many senior citizens will be willing
are positive, additional studies will be needed to determine #@'ticipate in the study since it would not involve taki
Recommended Annual Dose Rate. Such a study of the immui@dication or receiving injections. The possibility that m
system should be relatively short compared to a cancer inductiddliation will prolong their life will appeal to many. It will b
Study, which m|ght require years. For examp|e' they are Sm]ug:h_cheaper than for them to move to the mountains or v
seeing a few radiation induced cancer deaths among the a-béagliation health spa.
survivors from over 50 years ago.

| suggest that people in the Gulf States are suffering frd‘mC:m?tfﬁgth-R- T';e GOtOdNNve Qbogt ||50W L;ﬁ(?gg;?ﬂon Expo:
radiation deficiency.JXagger 1998) Evidence is the 25% higher  1€&th FNysSICS Society Newsletter Feb pp. 9-
cancer death rateyi\r:1( tghgree U.S.) Gulf States (LO, MS &gAL L. E. Feinendegen, Victor P. Bond, CharlesSdndhaus Can Low

e ; Y ! , -
compared to three mountain states (ID, CO & NM)--which have Iieivg I(ngé?tlon Protect Against Cancer? Physics and Society 2

a much higher background level. In studying any deficienay jagger, J Natural Background Radiation and Cancer Death in Ro
disease it is logical to choose the group most likely to benefit Mountain and Guif Coast States Health Physics Oct. pp 428-4
from an increase of the essential factor. Increased background1998)

radiation can be easily and safely produced by containers4of. D. Luckey Hormesis with lonizing Radiation CRC Press, Boca
weak radioactive sources under the beds of the study cohort. TheRaton, FL (1980) _

sources would increase the radiation level to the background - D.Luckey Radiation Hormesis CRC Press, Boca Raton, FL (1¢
radioactivity would be placed under the beds of the controls. g@&kgggé'”ﬁggff”' 471 pages Baltimore, MD, DOE DE-AC02-7
Nﬁ!thher thet_p_artlclpants nor thellr_med|cal (l:aregl\{e{s WS.UI? kno/IytVSmith PG,’DoII R. Mortality from all causes among British

which participants were receiving suppiemental radiation. 1t pagiglogists Br. J Radiol 1981; 5dp 187-194 (1981)

would be useful to record infectious diseases and their duration

as a measure of the function of the immune system. The most John Cameror
important data will be a comparison of the longevity of the two Professor Emeritu:
groups. The study would involve routine inspections to monitor . . ~ UW-Madison
the radiation sources and the similar containers under the Depts. of Medical Physics, Radiology and Phys
controls. The study could be done in large retirement homes P.O. Box 405
where many subjects would be readily available to participate in _ Lone Rock, WI 5355¢
the study. Replacement participants would be added from time to jrcamero@facstaff.wisc.ed

time. The study would be inexpensive, as it would not require

The Pebble-Bed Modular Reactor (PBMR): Safety and Non-Proliferation Issi
Edwin SLyman

Introduction is granted, Exelon hopes to build the first module in only
months.

The Bush Administration has made the expansion of nuclean, j .0 .otes of the helium-cooled, graphite-moderated PB

power generation a centerpiece of its domestic energy poli P,
However, the White House has not addressed the practical is%%uepttg 3 tfr'ct) r:]s asr;%r;;fklj%?ncfll‘yresgfl(;rtotrr;/ag\éljisre:;?gntzht%l;ltdagi

current generation of nuclear plants. If the NRC wer

of how to overcome the nearly three-decade-long avers
among U.S. electric utilities to investing in new nuclear plants.gr/%ive these regulations, these advocates claim that a P
uld be developed with many of the characteristics that n

today's deregulating market, utilities will not build new nucleacr
s turbines economically attractive: low capital cost, s

power plants unless they are clearly competitive with fossil fu j;
%nstruction time, high conversion efficiency and feasibility

plants (or receive substantial government subsidie
Compounding the difficulty are the nagging questions th odular production and distribution. Without these exemptis
wever, the prospect of a commercially viable PBMR wc

continue to inhibit public acceptance of nuclear power: seve%g
accident risk, non-proliferation, vulnerability to sabotage a come much less certain.
The nuclear industry has a long history of proposing 1

nuclear waste disposal. To solve all these problems
simultaneously will be a considerable challenge --- one unlikel ) ; .

clear plant designs that sound great in theory but disappo
pRactice, and the PBMR may be no exception. Some tech

to be met by the current generation of light-water react
LWRs), the only reactor type now used for power generation :

Ehe U S) y yp P g features of the PBMR are clearly improvements aWRs, but
A others raise new safety concerns. Unlike LWRs, the PBMR

Given this context, it should come as no surprise that the U.3; a6 the benefit of thousands of reactor-years' wort
nuclear industry is hanging its hopes on a radically different ty erating experience. Only a handful of high-temperature
of plant known as the pebble-bed modular reactor (PBMR). T oled reactorsHTGRs) have operated in the past, and

mega-utilityExelon has invested in a project of the Sout sults have been decidedly mixed. Moreover, none of t
African state utility Eskom to develop and commercialize tr}% | X

X . . . : ; actors had employed the unique power conversion s
PBMR, and is now engaged in detailed discussions with the U,p, 04 for the IFDJBI{/IR, in whicr?the IC;eactor coolant is us}é
Nuclear Regulatory Commission (NRC), in anticipation Q&e working fluid of a gas turbine to directly generate electrici
submitting a license application for construction of ten ¥le

PBMR modules in December 2002. Once construction appro pefinitive resolution of the numerous open technical issue
m‘ely to take quite some time. This is time that Exelon --- wt
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hopes to obtain a license from NRC in only two-and-a-half yedoss of primary coolant and no operator intervention, the
--- is not inclined to expend. The increased flexibility thabeatup rate would be slow and the maximum fuel temper:
utilities need to compete in a deregulated market limits theiould not exceed 1600 C. Thus the design does not inc
timelines for decision-making, and may well be incompatiblonventional emergency core cooling systems, which
with the caution and rigor that advanced nuclear react@guired for LWRs to provide emergency water sources ir
development requires. event of a loss-of-coolant accident.

PBMR Design and Safety Features PBMR advocates are so confident in the safety of the re:
Although the general outlines of the PBMR are known, t some even call it "meftdown-proof) that they have propos

) : astic weakening of a number of safety requirements that ¢
design thatExelon plans to submit to the NRC has not beqa the current generation of U.S. nuclear plants. These prop
finalized, so the following description is subject to change. TR lude (1) use of a filtered, vented confinement building ins

reactor consists of an annular core surrounded by gfaP'B ©a robust containment capable of preventing a large relea

blocks. The core consists of 330,000 "pebbles": softball-sizgeh; - -tive materials in the event of severe core damage:
graphite spheres, each containing 15,000 fuel microspheres, ction of the size of the emergency planning zone (EPZ)

110,000 graphite spheres containing no fuel. Each fu kilometers to 400 meters; (3) a reduction in the numbe

microsphere is composed of a uranium dioxide pellet (enriche : ; ; i )
8% U-235), enclosed in a three-layer coating consisting of a Iay{gff’ including operators and security personnel; and (

i . i ; &luction in the number of systems whose components
of _S|I|con carbide sandwiched by wo I_ayerspgloly_tlc _carbon. rr{eet the most stringent quality assurance standards.
This so-called TRISO fuel has exhibited good fission produc g . e
retention in German tests up to temperatures of about 1600 dlowever, there is insufficient technical justification for the
Fuel pebbles are continuously loaded at the top of the core, flBifgasures. The presence of a pressure-resistant, leak

downward, and are discharged at the bottom. Because the PBRRI@INMent and the maintenance of comprehensive emer
glanning are both prudent "defense-in-depth” measures that

maintenance purposes and would take place every six years.”(‘i3 gg;z_itg_%égﬁa}gttﬁg %qsfi;/eer:weena:ctﬂgfr%cvl\gg fecgfto‘:grg

contrast,LWRs must be shut down for fuel reloading; currentl . - et 2
this is done about every eighteen months.) Fuel burnups 3f¥€ multiple, independent barriers in place to prevent injurie
intended to go as high as 80,000 MWD/MT, whereas NRC limi{a€ Ppublic and damage to the environment. The presen
the maximum burnup of LWR fuel pins to 62,000 MwD/MTMultiple barriers is a hedge against uncertainty and
(MWD/MT= megawatt-days per metric ton, a measure of gknowledgement that the understanding of the performan

total amount of heat extracted from a fuel element.) any one barrier is incomplete.

The temperature resistance of the fuel and the use of a singlE:BMR promoters claim that a robust containment
phase, gaseous coolant enables the reactor to operate at a cddlicessary because the design-basis depressurization a
temperature of about 900 C, considerably higher than thannot cause Qamgge to the PBMR fuel severe enough to
operating temperature of LWRs. The higher temperature aldfe? large radiological release. They argue further that su
allows the reactor to achieve a conversion efficiency of 39%. Ugtainment would actually be detrimental to safety becau

of the coolant in a direct gas turbine cycle (known asBitagton Would inhibit heat transfer and interfere with the pass
cycle) further increases the efficiency to about 43%. mechanism needed to cool the core in the event of a los
coolant accident. However, a containment is needed not or

Because the PBMR is contlnuously refueled, the EXCEeRRibit the relatively minor releases that would occur during
reactivity can be kept low. Also, the design has a more negat

fuel temperature coefficient than LWRs, as the Doppler feedb t r'gg:\?esrlz Zgg:ggm %lgn?zlisiﬁr:]%mg |g::]eatlhse(3) %%Tsef[gusrg?ee
is greater for the less-thermal neutron spectrum associated wi tor core from a éabotage attack utilizing truck bomb
graphite moderatorThese features reduce the risk of reactivity_ -4 014 rocket launchers - an ominous possibility that sf
accidents for most scenarios (but increases the risk for accid%ﬁlsbe discounted
involving core overcooling). '

A maior component of the PBMR safetv basis is a low now If one could predict with confi_dence that severe acqidem
naj P . y p gébotage attacks were so unlikely as to be incredible,

density (an order of magnitude below that of an LWR) af‘d I_ar fotection against them might not be justified. However, in
thermal capacity _(as a regult of the large mass of graphite in %@e of the PBMR, significant uncertainties rémain, boﬂ,1 in
_T_?]f)rh;?(?rﬁhhrﬁr Vgiltvhe:r:gti?]'gg}tzrggﬁ ﬁ:)uéﬁlere(z'gga&ﬁtﬁ; ?nedfﬁ elihoods of potential severe accidents and in the identifice
high surface—tol?volume rago of the core were chosen so tha}a‘fe every potential accident sequence. The PBMR designers

9 . h yet carried out a probabilistic risk assessment (PRA) ar
the event of a loss of coolant from the primary system, adequ even have estimates of the risks of more severe accident
cooling would be provided without the need for force

convection. PBMR designers claim that in the event of a totaf\Mng the largest sources of uncertainty for the PBMR art
potential for and consequences of a graphite fire. The large

of graphite in the PBMR core must be kept isolated from ing

" Doppler broadening is a temperature feedback mechanism in whidhair or water. Graphite can oxidize at temperatures above
the absorption resonances of U-238 in the 6-100 eV range broaden a€th@nd the reaction becomes self-sustaining at 550 C
temperature increases, resulting in greater resonant neutron absorptisaximum operating temperature of the fuel pebbles is
As more neutrons are captured by U-238 atoms, fewer are availabledy[1]. Graphite also reacts when exposed to water vapor. T

U-235 .ﬁSSig,” at thermal energies ((;-e- around ml’? _redUCif‘% thebreactions could lead to generation of carbon monoxide
reactivity. Since neutrons must undergo more collisions with carbgQqrogen both hiahly combustible gases
than with hydrogen to reach thermal energies, there are more neutron&i gen, gnly 9 )

the resonant absorption range for graphite-moderated homogeneodga pipe break were to occur, leading to a depressurizatic
systems than for water-moderated homogeneous systems, so the grafifePrimary system, it has been shown that flow stratifica
system would feel the Doppler effect more strongly. through the break can cause air inflow and the potential
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graphite ignition[2]. While the PBMR designers claim that theWR fuel, inspecting the enormousicrosphere flow with ¢
geometry of the primary circuit will inhibit air inflow and hencehigh enough sampling rate to ensure an adequately low d
limit oxidation, this has not yet been conclusively shown. level would be a considerable challenge. The number of TF

The consequences of an extensive graphite fire could &rospheres manufactured annually to support ten PE
severe, undermining the argument that a conventiorf@pdules (1150MWe total) would be on the order of ten billio
containment is not needed. Radiological releases from tthéee orders of magnitude greater than the number of ura
Chernobyl accident were prolonged as a result of the burningfég! pellets needed to supply an LWR of the same capacity.
graphite, which continued long after other fires were Finally, even if the above two criteria are satisfied, there r
extinguished[3]. Even though the temperature of a graphite five assurance that the behavior of the fuel will not be significi
might not be high enough to severely damage the fuebrse than expected if conditions in the core deviate f
microspheres, the burning graphite itself would be radioactive @®dictions --- that is, the fuel should "fail gracefully." It is
a result of neutron activation of impurities and contaminatighis count that the current TRISO fuel technology is clear
with "tramp" uranium released from defective microspheres. Aoser. While past experiments have shown thatShe layer of
even worse consequence would be combustion of carbRISO fuel limits the release of highly hazardeadionuclides
monoxide, which could damage and disperse the core whildile¢ Cs-137 to below 0.01% of inventory up to 1600 C,
the same time destroying the reactor building, which is not beirgjention capability is rapidly lost as the temperature continu
designed to withstand high pressure. In contrast, the largecrease. At 1800 C, releases of 10% of the Cs-137 invel
volume concreteontainments utilized at most pressurized-watérave been observed, which is on the order of the release ex;
reactors can withstand explosive pressures of aboutd@ing a LWR core-melt accident[7]. Without a leak-tic
atmospheres. containment present, the release into the environment wou

Another important source of uncertainty comes from tH@mparable to the release from the fuel.
complexity of the PBMR core, which is constantly in motion. A Thus in order to justify the absence of a leak-ti
PBMR operator must be able to accurately compute the pebtdmtainmentExelon needs to demonstrate that the PBI
flow, neutron flux and core temperature distributions without theaximum fuel temperature will not exceed 1600 C during
benefit of in-core instrumentation (since there are no structureslesign-basis depressurization accident, and that more s
support such instrumentation). Previous experience with thecidents that could cause higher fuel temperatures ai
AVR test reactor in Germany, a precursor to the PBMRnprobable that they do not need to be considered. How:
indicates cause for concern. Experiments measuring the g¢ieen the uncertainties discussed in the previous section --- |
coolant temperature in the AVR found numerous "hot spots" dilscrepancy between calculated and measured maxi
the coolant that exceeded 1280 C, whereas the maximtamperatures of at least 130 C --- there are serious grounc
predicted temperature was only 1150 C[4]. After NRC staskepticism.
highlighted these finding&xelon raised the design maximum ;
fuel temperature limit during PBMR normal operation from 106'(\)IUCIear Waste Disposal . ,
C to 1250 C. This is of concern because above 1250 Githe PBMR proponents do not normally bring up the issue of f
layer of the TRISO fuel coating will degrade as a result of atta@iéPosal of the reactor's spent fuel. There is a reason for thi:
by palladium isotopes produced during fission[5]. It also cal¥®lume of the spent fuel produced by a PBMR is significa

into question the accuracy of the current generation of compudggater than that of the spent fuel produced by a convent
codes for PBMR core analysis. LWR, per unit of electricity generated. This is because

uranium in the fuel spheres is diluted in a large mass of grapl

PBMR Fuel Performance _ One can estimate the volume of spent pebbles discharge

The safety case for the PBMR places great emphasis on & of electricity generated for theskom PBMR as follows
abl'lty of the fuel pebbles to contaradionuclides under deSign-Each pebb|e has a radius of 3 cm and a volume of 113 ¢
basis accident conditions. In order to provide assurance thatgl@om calculates that operating a 110 MWe unit continuous
fuel will perform as expected, several levels of confirmation afigll power for 40 years will require 13.8 full fuel loads. Sin
required. each fuel load contains 330,000 pebbles (not counting the

First, the fundamental fuel behavior must be sufficiently wediraphite spheres), this means that 4.55 million will be reqt
understood that a complete set of technical specifications for ther the plant lifetime. The amount of electricity genere
fuel can be derived. It appears that this is not yet the case. Thenéng this period is 1.61 million MWD, so the total volume
are numerous instances in which TRISO microsphersgent fuel produced is 320 cm”*3/MWD.
manufactured to identical specifications and irradiated undei typical 1150 MWe PWR operating on an 18-month cy
identical conditions exhibited drastically different fission produgtill discharge about 84 fuel assemblies per outage, with
release behavior that could not be attributed to observed physig@dembly having a volume of about 186,000 cm”3. The arr
defects like cracking of the SiC layer[6]. This indicates that these electricity generated is 630,000 MWD. Therefore, the voli
are technical factors affecting TRISO performance that have rgtspent fuel produced is 25 cm”*3/MWD, a factor of 13 less
yet been identified. for the PBMR.

Second, when a complete set of technical specificationsA ;
finally at hand, the PBMR fuel manufacturing process will havcei%ndusmn , , )
to be reliable enough to ensure that the specifications are met.h€ greatest amount of experience worldwide with nuc
Because PBMR fuel is credited to a greater degree than LAg&ctor technology has been with the LWR. Even so, n
fuel for maintaining safety under accident conditions, and is l€¥4tstanding technical and safety issues with LWR techno
tolerant than LWR fuel to defects, PBMR fuel will have to bEemain unresolved, and new surprises in well-established &
subjected to more stringent quality control. However, even if tHke metallurgy, continue to arise. The development neede
requirements were no more stringent for PBMR fuel than f&ike & new and unproven technology like the PBMR to a [

where one can have confidence in the workability of the de
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will be substantial. Fundamental issues associated with the 202-822-6594
relationship between fuel quality control and fuel behavior under NCI Web site:www.nci.org lyman@nci.org
normal and accident conditions will have to be resolved,

probably through extensive testing. While it is hard to estimate U.S. NRC, "Summary of June 8, 2001 Meeting with NIl on UK
the amount of time and effort that would be required to do a Experience with High Temperature Gas Reactors," Memorandur

satisfactory job, it is clear that the schedule that has beenfrom T. King to A. Thadani, June 25, 2001.
proposed byExelon is inadequate for the task. 2. A.Kadak et al., Advanced Reactor Technology Pebble Bed Rea

T t the hiah hurdle of publi t | Project Progress Report, MIT/INEEL, 2000.

0 get over the nigh hurdie of public acceptance, new nuc ?r For a detailed description of the role of graphite in the Chernoby
plants should be clearly safer than existing ones. This is not theaccigent, see z. Medvedev, The Legacy of Chernobyl, W.W. Nol
case with the PBMR. This problem is compoundedtkglon's New York, 1990.
desire to reduce safety margins required for current plants. In fheu.S. NRC, "Meeting with Exelon Generation Company, DOE ant
aftermath of Chernobyl, the U.S. nuclear industry tried to Other Interested Stakeholders Regarding the Pebble Bed Modul
reassure the public that such an accident could not happen her&eactor,” Memorandum from T. King to Ahadani, July 23, 2001,
because U.S. reactors were equipped with robust containmentsAttachment 5-b; International Atomic Energy Agency, Fuel
unlike Chernobyl. This argument will make it more difficult for ~Performance and Fission Product Behavior In Gas-Cooled Reac

s . ; ; IAEA-TECDOC-978, Nov. 1997, p. 120.
Exelon to justify its choice of PBMR contalnmgg\tNti?] tgel_i)/l;?gﬁ' 5. International Atomic Energy Agency, Current Status and Future

TP . Development of Modular High Temperature Gas-Cooled Reacto
Scientific Director, Nuplear Control Institute Technology, IAEA-TECDOC-1198, Feb. 2001, p. 230.
1000 Connecticut Ave., NW St. 4105k Minato et al., "Fission Product Release Behavior of Individual
Washington DC 20036 Coated Fuel Particles for High-Temperature Gas-Cooled Reacta
Nuclear Technology 131 (2000).
7. |IAEA-TECDOC-978, op cit., p. 137

COMMENTARY

Restrictions on Travel: No International Exchange, No Science
Irving A. Lerch

The most Oft_quoted pro_science declaration of 2001 is A||g(yprldW|de intellectual commerce. Does this mean that we ca
Bromley's March 9New York TimesOp-Ed which concludes develop native-born scientists? Have we arrived at the poi
with, “No science, no surplus...” The assumption on whicpur national lives that we have to import scientists along \
Allan’s statement stands is that funding is needed to nourisfi@gm workers and day laborers?
well-lubricated machine to convert intellectual capital into new The fact is that science has done a dismal job in nurturing
science and which, in turn, transforms technological innovatiexploiting the talents of native-born minorities and women. ,
into economic expansion. The problem is that ill-considersgk’ve done little better in recruiting young people genere
legislation and State Department policies and procedures threat@ing to a failing educational system. While recruitment in sc
to throttle the international intellectual exchange on which oaf the natural sciences has increased the training
scientific and economic prosperity depend. women—especially in biology and medicine, we have not cle

The US domestic science enterprise is part of a global machifi@ obstructions preventing the elevation of the most seniol
whose bells and whistles bear the many labels of widely varyif@jented to positions of authority. Even if we succeede
national origins. Thirty-five percent of all doctorates granted B{@ining more minorities and women as scientists, would
US institutions in the natural sciences and engineering gos@ve the problem?
foreign scholars and this is roughly the same as the percentage Nb. We may be able to increase domestic recruitment by ¢
foreign scientists resident in US research universities. Cut off thisrcent, but in the absence of an overhaul of the nati
source of erudite input and the machine grinds to a halt. This nesjucation system, we could never hope to match the |
be happening now. numbers of scientists who come to this country to rec

In the immediate post-war era, roughly 70% of the world&dvanced education, do research and develop new ideas.
research productivity in the natural sciences originated in the U®s mean that we must engage in predatory recruitmer
This was the result of the fact that the world’s scientific talelittellectuals and denude developing and re-developing cour
gathered in this country to exploit the largest and most unig@ktheir talent, thereby diminishing their prospects for econc
research facilities available in a planet devastated by war. Tod&yprovement? No. We must fashion a world where glc
when 70% of the articles publishedThe Physical Revieware intellectual transactions—like monetary and commer
proffered by foreign authors, US submissions have becomérgangements (at least as they now exist among the industrii
declining minority presence in a formerly largely domestigations)-benefit all participants. We must have an internati
publication once dominated by US physicists. system where scientists may freely work with colleag

Of course this is not quite true. It is not possible to portr@nywhere for universal profit.
domestic US science as a purely nationalist venture. As a nafgipplems with visas
of immigrants, our academic community has benefited from therpe rocess of acquiring visas is the valve regulating the
talents a_nd educational systems of many nations. This CO”S%”Ecientific talent into the US. In the past, the single n
renewal is largely responsible for the wealth and power of thag,rtant hurdle to the granting of visas has been economic
US.' In sum, -the capacity of US science 1S dlrect_l){ relateq 0 {kR fear of illegal immigration as defined in various subsect
efficiency at integrating new talent and in its participation in thgx paragraph 214 of the Immigration and Naturalization /
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However, a complex array of provisions affixed to the INA hakeir country. This means that they do not have an acaden
sought to reduce the flow of industrial and defense technologiesearch appointment in advance of their completion of grac
to competitors by restricting scientific exchange. Many of thestudies!

provisions require scientific and technical expertise to accoug;be international standard of free exchanae

for the fact that both our economic and defense technologies ) . ) ) 9
dependent on foreign exchange—that to impede such informatiohh€ International Council for Science is a global structur:
flow is to do injury to our own economy and security. The |a@isciplinary SC|_ent|f|c unions such as the International Uniol
and it administration do not have mechanisms or expertiseRdre and Applied Physics, Chemistry, Crystallography, et

weigh risks in the national interest. The reasons are easylt§ period between the world wars, before the advent o
enumerate: International Council, adherence to many of the internati

* Consular officers in our embassies and consulates abr%&ﬁmplmary unions was vested in the Department of Si

usually do not have the background to judge scientific credenti [Qever, the system was wrested from government patro

or the value of a scientific visit. Scientists seeking entry to tff (zenql'mr/ur;s'\(/jvﬁfw mg‘éggeAgiﬂeg;'giizgsgﬁgge;;‘degcnhumg
US are treated in the same manner as all visitors—busin au hdritariah states adhergnce to the intérnational system is
tourist or job applicant. , Y <

. - . . ., _.._governmental. Nonetheless, each country must uphold
» There is ambiguity and confusion concerning the gwdel|n§§(

f forci e £ th S uni o ernational standard for the free circulation
or enforcing provisions of the INA. Many US universities andcientists—something almost impossible to achieve wher

vernment restricts entry to foreign scientists. Failure to ad
this standard is grounds for the international union to withc

national laboratories employ expert staff to deal with vi
problems. But their interactions with consular officials ar
punctuated with inconsistencies in interpretation of regmatiogﬁonsorship from a scientific meeting.
and law. And since consular officials are held accountable, it i . ; . . .

or international union-sponsored meetings in the US,

safer and easier for them to deny an application than to exan}{Paefional Academy of Sciences usually communicates with

the facts and to adjudicate on the basis of merit. X . .
. . : L . Bureau for Consular Affairs requesting that our consular offi
« The advent of the “sensitive countries list,” (countrie Hr

; L . oad be apprized that an international meeting is b
assumed to be engaged in activities counter to US interests) die,nized and requesting the Department to expedite
entities list,” (the list of institutions deemed to have violated U plications regardless of origin. For the most part this sy:
non-proliferation statutes), export control regulations (to inclugle,s \orked well. However, there are increasing signs that
such vague concepts as deemed exports” and “sensitive thgement may be weakening.
unclassified information”) have given the Department of State an
impossible task: to monitor and prevent the flow of scientific anreasury and Commerce embargoes
technical information deemed critical to the economic andUs scientists are routinely denied permission by the Trea
defense interests of the US. Not only do these contradictory @epartment to travel to Cuba unless an international meeti
obscure provisions lead to delays and obstacles impedimganized by an entity to which the US is a member but whi
scientific exchange, they often impose the ludicrousot headquartered in the US. While social scienti
circumstance of impairing the exchange of informatioanthropologistsglimatologists and some others have been ab
developed by foreign colleagues—information essential to thravel to Cuba with increasing frequency, many phys
progress of science. The task of processing requests for estiigntists have been denied licenses on often inconsister
visas often falls to an interagency task force, which imposesagntradictory grounds. The US community views st
additional bureaucratic layer on the evaluation mechanisestrictions with grave concern since it directly affects
without adding any illumination. freedom of citizens to participate in important cultural excha

These problems have created difficult conditions for owf benefit to both Cuba and the US.
national labs. There has been an ongoing effort to convincepplications for license are often complex and tin
foreign governments and institutions to make substantiednsuming with little feedback after submission. Attempts
investments in large programs. The US has then made it difficulick the progress of applications are often rebuffed. Rarel
for foreign colleague to participate in on-site experimengovernment employees respond to inquiries or proy
because of restrictions in our visa laws, which make no provisigreaningful information.
for open-ended scientific visits. The labs have often faced the . .
ludicrous situation where a scholar representing a foreizg?med'aI aqtlons
university is denied admission to participate in an experiment-ast year, in response to language added to the .
funded by that university! Department appropriations bill, a Science and Technol
There are other obstacles: high fees for some visas/fvisor was added to the staff. The position is currently hel
retaliation for charges imposed by other governmen@sS€nior scientist who has the trust and confidence of the
(“Reciprocity Schedule” reprisals) and severe restrictio |.ent|f|c community: Dr. NormaNeureiter. It is urgent that thi
preventing host institutions from reimbursing visiting scholafdfice be strengthened and be given the opportunity to coord
(primarily those participating in research programs &toues affecting entry of scientists into the US.
government laboratories who incur travel and subsistencét is proposed that short and long-term scientific visas
expenses associated with their work in the US). processed under a new category of visa and that the Depai
Among the more important factors contributing to the succe &T advisor work W't.h bqth the Office of Science a
of US science has been the recruitment of foreign gradudfechnology Cooperation in the Bureau of Oceans
students. Large numbers of Chinese students have been a {jgnational Environmental and Scientific Affairs, and 1
factor in invigorating physics programs around the nation. filreau of Consular Affairs, to administer a coherent, effec
recent months, however, visas have been routinely denR&JiCy to promote scientific exchange.
because these students are unable to demonstrate binding ties to
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It is also proposed that the State S&T Advisor assist tH¥S situation continues to worsen, the center of gravity
Treasury and Commerce departments in dealing with visits of rgortant research may shift away from the US.
scientists to embargoed countries. US science has maintained its their 1999 report,The New Challenge to America
international leadership by promoting scientific exchange. TlReosperity: Findings from the Innovation Indeke Council on
unprecedented flow of intellectual talent into our country h&ompetitiveness issued a warningirfally, the authors note the
continued unabated over the past half-century. This representiespite the advances of other nations, the United States is fi
huge contribution to both our domestic science enterprise anddadnvest in the ‘fundamentals’ of its own innovation syst
our economy since innovations in science and technology haléhough the past decade has been one of the strongest pi
been shown to have a direct impact on our commercial expansidnU.S. macroeconomic growth since World War IlI, tc
and development. In addition, some of the most importaspending on basic research is flat or heading downward, anc
international scientific meetings are convened in the US addclining numbers of degrees granted in the physical scie
foreign participation in these events contributes to the centraltgyd engineering suggest that reversing this trend will invc
of US science on the world stage. However, impediments to ttencerted public policy changes. These observations sugges
granting of visas have burgeoned. Scientist visits have be®merica’s current innovation leadership is increasingly rootet
curtailed and this has jeopardized a variety of prograrpast investment and that the long run basis for our fu
dependent upon short and long-term visits. Scientists from thteength is being eroded—all while other nations
former Soviet Union, China, India and many developingccelerating their own efforts”

countries have found it increasingly difficult to gain entry to the Irving Lerch”
US to continue their research and collaboration with US APS International Affairs
colleagues. Even scientists from traditional allies such as lerch@aps.org

Germany have been barred for reasons that defy explanation. If

Our National Energy Situation is a Mess!
Albert A. Bartlett

(Invited oral testimony (limited to 5 minutes) given to the Subcommittee on Energy of the Science Committee of the
Representatives, May 3, 2001, in Room 2318 of the Rayburn House Office Building in Washington, D.C).

For years we have seen recommendations from the Departmeiihe centerpiece of the scientific path is conservation; her
of Energy that suggest that the leaders of the Department hsvappropriate to call this path the “Conservative Path.” On
little scientific understanding of the problems of energy. path the federal government is called on to provide leade

We have seen the President of the United States sendingPhi®s strong and reliable long-term support toward
Secretary of Energy on bended knee to plead with OPEC leadiiigievement of the following goals. The U.S. should:
to increase petroleum production so as to keep our gasoline Have an energy planning horizon that addresses
prices from risingFor a country that boasts that it is the world’s  problems of sustainability through many future decades.
only superpower, this is profoundly humiliating. 2) Have programs for the continual and dramatic improven

Gasoline prices are rising. California currently has an electrical of the efficiency with which we use energy in all parts of
energy crisis that is likely to spread. Natural gas prices are rising society. Improved energy efficiency is the lowest ¢
rapidly, which poses real economic hardship for millions of energy resource we have.

Americs_;ln home_: owners who depend on natural gas to heat tmir Move toward the rapid deve|opment and dep|0yment 0
homes in the winter. manner of renewable energies throughout our entire soci

The only energy proposals we see are for short-term fix@y, Embark on a program of continual reduction of the ani
sometimes spread over a few years, that seem to ignore thetotal consumption of non-renewable energy in the U.S.

important real-world realities of resource availability ang) Recoghize that moving quickly to consume the remair

consumer costs. _ U.S. fossil fuel resources will only speed and enlarge
For years, scientists have warned that fossil fuels resources arepresent serious U.S. dependence on the fossil fuel resc

finite and that long-range plans should be made. These plans of other nations. This will leave our children vital

must recognize that growing rates of consumption of fossil fuels yulnerable to supply disruptions that they won't be abls
will lead, predictably, to serious shortages that are now starting control.

to appear. o ~ 6) Finally, and most important, we must recognize t
For years we have heard learned opinions from non-scientists population growth in the U.S. is a major factor in driving

that resources are effectively infinite; that the more of a resource demand for energy. This calls for recognizing the conclu:
that we consume the greater are the reserves of that resource; anéf President Nixon's Rockefeller Commission Rep
that the human intellect is our greatest resource because the(Commission on Population Growth and the Americ
human mind can harness science and technology to solve all of Future, 1972). The Commission concluded that it could -
our resource shortages. no benefit to the U.S. from further U.S. population growth
There seem to bvo cultures; science and non-scienéach
has its own Ph.D. “experts” and “think tanks.” Each has its ownln contrast, the non-scientific path suggests that resource
lobbyists who argue vigorously that their path is the proper paffectively infinite, so we can be as liberal as we please in

to achieve a sustainable society. So let's compare the twge and consumption. Hence this path is properly callec
recommended paths. “Liberal Path.” The proponents of the Liberal Path recomm

that the U.S. should:
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1) Make plans only to meet immediate crises, because allhere is a rational way to choose. If the path we choose -
crises are temporary; out to be the correct path, then there’s no problem. The prok
2) Not have government promote improvements in ener@ise in case the path we choose turns out to be the wrong p
efficiency because the marketplace will provide th@llows then that we must choose the path that leaves us i
needed improvements. less precarious position in case the path we choose turns ou

3) Not have government programs to develop renewaljf¥ wrong one. _ _
energies because, again, the marketplace can be count&pP there are two possible wrong choices that we r

on to take care of all of our needs. compare.
4) Let fossil fuel rates continue to increase because to ddf we choose the Conservative Path that assumes f
otherwise might hurt the economy. resources, and our children later find that resources are 1

5) Dig and Drill. Consume our remaining fossil fuels as fadifinité, then no great long-term harm has been done.
as possible because we “need them.” Don’t worry about!/f we choose the Liberal Path that assumes infinite resou
our children. They can count on having the advanc&fd our children later find that resources are really finite, thei
technologies they will need to solve the problems that Wéll have left our descendants in deep trouble.

are creating for them. There can be no question. The Conservative Path is the pr
6) Claim that population growth is a benefit rather than Rath to follow.
problem, because more people equals more brains. However, it is the Liberal Path that we are so eagerly ta

We should not be confused by the conflicting expertise tHagay-
supports each of these two paths because there is a veffresources turn out to be infinite, then we will be OK on
fundamental truth: Liberal Path. But if resources turn out to be finite, then tod
choice of the Liberal Path will create enormous and crit

For every Ph.D. there’s an equal and opposite Ph.D. problems for our children.

For our U.S. energy policy, we must choose between the Albert A. Bartlett.
Conservative and the Liberal Paths. The paths are the exact Professor Emeritus of Physi
opposites of each other. Each is advocated by academically University of Colorado at Boulde
credentialed experts. On what basis can we make an intelligent Albert.Bartlett@colorado.ed:
choice?

LETTERS AND E-MAILS

Editor's Comments: There have been many responses to my note in the July issue requesting reader reactions to the tran
a quarterly hard-copy “Physics and Society” to the publication of a semi-annual hard copy version plus a semi-annual we
(The paper issues are always accompanied by a web version and all issues are announced by e-mail - containing a com;
contents - to all members.) The overwhelming number of responses from readers has been negative; a sample is given t
has also been some negative reaction from potential authors, saying they would rather have their contributions appear in th
issues. The gist of these replies is that this journal is read differently than a research journal — it is browsed in relaxing
places; it is not relaxing to browse from a computer screen. Never-the-less, financial constraints being what they are, it see
that we will soon go back to a paper quarterly, even though many correspondents volunteered to make an annual contributi
the additional costs of the two extra paper issues per year (~$4500 per paper issue). Our Electronic Media E&itar, Mascgon:
to great lengths to make it easy to print out each web issue, in parts and totality. | hope the regular members of the For
used to this format, continue and expand their readership, use this journal to enhance their membership in the Forum, inc
our membership. (I don’t know what our library subscribers will do.)

Louis J. Lanzerotti

Reading P&S is Pleasurable But Not High Room 1E-439, Bell Laboratories, Lucent Technolog

Priority . _ _ 700 Mountain Avenue, Murray Hill, NJ 07974 US
Your editorial in the July 2001 issue of Physics and Society 908-582-2279, 908-582-3972 (fa
demonstrates that you have discovered one of the major lil@physics.bell-labs.con

problems with net publication. That is, that readers are by and i
large (except for high school web freaks) busy individuals wi§ore on Alice Stewart
use their precious time logged in front of a terminal for their I am writing in response to the Jan. 2001 issue of
highest priority tasks. Reading for pleasure means that one ¢awiew of the book by Gayle Greene on the life of Dr. Al
pick up and put down publications at will as the time permits, Btewart. WhileDr.Stewarts early work was creditable a
whatever setting is available — in front of the fireplace, on amportant, about 30 years ago she became one of the
airplane or train, in the backyard, or in a taxi. Being constraingdinority of scientists who diverged sharply from the v
to a computer, until truly universal wireless remote access isragjority of their colleagues and took the position that
easy as reading a newspaper in a cab, will not encourage peopdnstream scientific community was grossly under-estima
to read publications such as P&S on the web when they hate cancer risk from low-level radiation. In fact Dr. Stewart
higher priority tasks at hand. carried her case further by alleging personal improprietie
Thank you. well respected scientists, motivated by gender-bias.
Gayle Greene is a Professor of Women’s Studies
Literature with principal research activities in Shakespe
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women writers, and feminist issues. She has no expertise inwhen | joined Cumberland University four years ago,
science. Her book is based on interviews with Dr. Stewart aﬁﬁysics was a service program for some other majors an
others with her anti-Establishment views. In fact the aUthgénera] education core. As the only faculty member in
admits that she didn’t spend much time with people on the othgjbject, | quickly realized | had no hope of initiating
side of the controversies. She interviewed only ongaditional physics program or of finding any students in
Establishment scientist. Her “Acknowledgements and Selectgfyhly improbable situation of getting one going. As
Bibliography” include only works by anti-Establishmentpersuasive ‘missionary’ of physics | increased enrollmen
scientists, and none of the numerous Reports by Natiorp';ﬁysics and astronomy courses by 150 % in the first \
Academy of Sciences Committees, United Nations Scientifithereafter, | was able to initiate a non-conventional phy
Committees, International Commission on Radiologicgdrogram, with emphasis in Information Systems or Industry
Protection, and National Committees on Radiation PrOteCtiOﬂﬂﬁ]at | could utilize mathematics, computer programming
u.S., UK, and other countries, all of which reject Stewart'§usiness courses that were taught by other facu|ty and
controversial findings over the past 30 years. Nevertheless, f}{@grams. | embarked on this path with considere
review in P&S states that the book is well referenced. trepidation, as might be expected. | was going to let loose i

Your review states that in the 1970s, she came to thrld physics majors, without all of the traditional courses
U.S. and saw nuclear workers dying from radiation inducexlirselves survived! However, | was emboldened in
cancers, and that gradually her conclusions were confirmed daydeavors by encouragement from colleagues in researc
other scientists. Actually her methodology and conclusioteaching and by some of the informative studies and sur
were heavily criticized and rejected in dozens of publishevailable from AIP.

papers (as well as by the Reports mentioned above) includingro cut the long story short, in a school of about 1000
some by women (Ethel Gilbert, Sardrarby, Valerie Beral, students, (mostly recruited for athletics), we had 10 stud
Shirley Fry) whom Greene relegates to the convenient categeptolled as physics majors last year and three of them grad
of honorary men so their work can l?e _|gn0red. Her conclus[oms May 2001. The majority of the students have sf
have been rejected by the vast majority of the involved scieficcessful summers participating in undergraduate resea
tific community. Her collaborator in this work, George Knealehe National Labs and | expect them to be launchec
who is called her genius statistician, has not been able to justfyccessful careers, with positive feelings for physics ar
his procedures to other statisticians, and they generally rejgeheralized overview of what physics is about. | continu
them. All of the criticisms and rejections of the Stewameale have occasional twinges of doubt, but there probably is no
cpllaboratlons are characterized in the book as a conspiracyjé@narcation of whether we should try to spread physic
hide the truth. The author makes no attempt, other than blamigich as at all possible or stop if we cannot provide the pe
it on sexist prejudice, to explain why so many prominent sciegrogram?
tists have colluded to deceive the .publlc in this way, and why 1 ig certainly encouraging to hear the steps taken at Rutg
almost all of the subsequent studies of nuclear workers haygy other universities to alleviate the problem of deartl
come out with results that do not agree with Stewart's. hgergraduate physics students and | am sharing mine s
The polemic nature of the book makes it a favorite fafhe chain might diversify and expand. | could not hi
those with anti-nuclear political axes to grind, but | find itmplemented the program without the help of friends
difficult to understand why P&S would publish this booklleagues around the country, particularly those at Oak
review. It was reprinted by permission from a non-scientifiNational Laboratory, Brookhaven National Laboratory &

British journal, without any provision for simultaneousyniversity of Tennessee, - but | think help does have a we
publication of the counter-positions held by the mainstreagppearing when the mission is physics!

scientific community. | think the efforts of faculty trying to institute physics
programs at small universities could be vastly aided, if
could come up with resource material or web-based course
would allow students anywhere in the country to ti
(412)624-9245,Fax: (412)6.24'9163individualized upper-level courses, depending on their phy
blc+@pitt.edu a4 career interests. Occasionally one finds students at a
Teaching Innovations school who are potential graduate school material but w|

| would like to thank Professor Lindenfeld for taking the ~ faculty lack the resources to steer them to this path. 1 woul
time to share with us the positive experiences of innovati}PPy 1o interact with colleagues to help co-ordinate <

curriculum at Rutgers University. In turn, | would like to shar@ccessible upper-level undergraduate curricula and make
vailable at the national level. | feel strongly that such eff

some attempts | have made to initiate a physics program V& .
small liberal arts university, with incredibly limited resources. Y/ould help lighten the problem of shortfall of graduate stud
hope this might help others with similar lack of facilities an@S Well as increase the impact and visibility of physics.
perhaps initiate a dialogue on how we as a community might Lali Chatterjee
help each other in this regard. Professor of Physics & Astronor
. : . . . Cumberland University (on leave
| have every intention of being as brief as possible, but Ichatter@utk.edt
would like to start with a short comment on the aptness of Dr. '
Lindenfeld’s choice of category, - ‘missionaries for physics’, King Canute Rules Again
for that indeed is what many of us are! (Interestingly, | have In a d|sp|ay of arrogance that is becoming all
been called the “Billy Graham of Physics” by a student ifypical of the Bush administration, communities lining
Middle Tennessee and was unsure how to react to thg&nks of the Mississippi are being encouraged to build leve
description!) prevent flooding. It is amusing (if you live in Cleveland and

Bernard L. Cohen
Physics Dept., University of Pittsburgh
Pittsburgh, PA 15260
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St. Louis) to perform the back-of-the-envelope calculation thatience, and that which is, is a matter of belief, then man

predicts an interesting consequence of this policy. comforted and are willing to try to recognize that which f:
Annual rainfall in the US averages about 1 m, and tHéder the umbrella of science. If permitted (by the scientis

surface area approximg§es3that of a rectangle 5000 km wide &g#ieve in anything they like, their belief pseudoscience soc

2000 km tall. Of this 10" m™ of water, about 40% lands in thewanes, and their belief in the Bible may or may not follow

Mississippi watershed, from which we might guess that 10%hat is a different matter altogether.

reaches tg@1 rier, the rest bejngJost to evaporation. The flow idiked your review.

thus 4 * 10 m per year, or 10m per second. In a river 10 m Robert L. Brooks
deep and 300 m wide the water speed is then on average about Professor of Physic:
3 m/s, or 6 mph - a reasonable number. University of Guelph

The problem arises when we realize that rainfall is not Guelph, Ontario
constant, and that a wet month may bring 0.3 m of rain, with Canada N1G 2W1
evaporation reduced from 90% to 50%. This increases the flow rbrooks@uoguelph.c
rate by a factor of about 16. What an impressive sight it would 519-824-4120 ext 3991, FAX: 519-836-99

be to watch the river rush through Baton Rouge at 96 miles
| \ ; .
hour! Professional baseball pitchers could test their fastballs )fgather from Howard Richards' Letter in the last issue the

. . . > ,
trying to hit floating objects! is opposed to my earlier suggestion for a broad in-dt

Unfortunately the laws of physics intervene. There i§iscyssion as to whether or not the teaching of religious dc
not sufficient gravitational energy in the water to achieve this;ms science/math education. | surmise that he is agains

speed unless the water were made superfluid, a solution t§at,;se he already "knows" that there is no such harm
even the Army Corps of Engineers might find difficult 105,44 and that it is sacrilegious form to even suggest other
implement. That there will be floods is thus physically tae| that this requires no comment from me, but | am de

unavoidable. Where they will occur will just be a question Qfistrbed that he int t ti beina broadl
who cannot afford to build a levee as high as their neighbocrtils Lrbed that he IIeTprets my SUggestion as being broad’y

h b ifully T K Ui . religious since, for some reason, he seems to beli
\;\r/ot?Ite?n' eautifully free-market solution to an environmentgyoneoysly, that all religions are basically alike. | point out

. it is the teaching of dogmatism whose harm | question, no
Philip Taylor eaching of religion, per se.

Case Western Reserve University . .
taylor@po.cwru.edu For example, while | come_fro_m a Germz_inlc-Lut_he|
background, | have great admiration for Judaism which
Science and Belief produced over 20 percent of all Nobel prizes ever awarded
| read your review (in July, 01 P&S) of Wend#faminer's has produced an out-of-proportionate number of su
book, "Sleeping with Extra-Terrestrials ..." with some interest.achievers in both the arts and the sciences and in almo
was particularly taken with your statement, "This hold seemeas of human endeavor. | believe that this is so bec
irrational since that public has had more formal education #daism concerns itself primarily with social cohesiveness
science than any other public, past or present." "That public"Gdstoms, not with dogmatic theology. As Aldrershowitz
the previous sentence relates to "American public" which $gys: "Jews do not need to believe in God, only in Judaism"
being compared to "any other public". Let me suggest forThis is highlighted in the 1990 National Jewish Popula
comparison that you use the Scandinavian or Canadian publiésrvey wherein "Jews by Religion" includes thr
with which | have some familiarity, and you would find that theubcategories: "Born Jews, Religion Judaism," 4.2 milli
prevalence of nonsensicpseudoscience is markedly lower in"Jews by Choice," persons who are currently Jewish but
those countries than in America. | might be so bold as bwrn non-Jews, 185,000; "Jews Born with No Religic
suggest the reason is that the public education system in thpsesons who identify as Jewish but who answer "no
countries is markedly better than in America. "agnostic,"” or "atheist" when queried about their religi
Having been born and raised in America, | am alwayslmillion. Together, these three categories total approximi
amazed at the huge disparity in educational excellence Bpmillion people. Consequently it is seen that approxime
regions which is not nearly so great in other countries. In tR& percent(1.1 million out of 5.5 million Jews) character
suburbs of the large cities the public schools are really qutftemselves as being non-religious. | now ask: "How m
good. In the inner cities and rural regions it can be dreadful. People who identify themselves as Christians would ans

Let me offer one further observation. Science is not a bel{8PN€:" ‘agnostic,” or ‘atheist' when queried about their religic
system. | find that most non-scientists think that it is and recall This interesting aspect of Judaism was recently made 1
the time a chemistry colleague made the statement, inP@rsonal in a Los Angeles Times obituary for Joseph Web
student's oral defense exam,"... we all believe in quantuiominent UC Irvine physics professor. Therein his w
mechanics."” | quickly corrected him but have often reflected ofirginia Trimble, another well-known UC Irvine scientist, -
the fact that we don't stress, as often as would be useful, &#&onomer and author, is quoted as follows:
difference between a belief system and one that is"We typically never squabbled very much. If we disagree
demonstrable. One can be a believer and be a scientist, so laag about scientific issues. He didn't believe the observat
as one keeps clear the separation between religion and natevédence for the cosmological constant, and | think it's hig
philosophy. We, as a society, have not kept that distinctipnobable. He was raised as an Orthodox Jew and we
clear and | find that many believers think that science is out attended Temple Beth Emet in Anaheim. He was actuall
destroy their beliefs. | like the vantage of the agnostic and knatheist, who wanted to maintain Jewish traditions. It \
many good scientists who are people of faith. If we, amother thing we didn't have to disagree about. We both a(
scientists, can admit there is much that is outside the world of

frther Comments on Science and Religion
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that modern cosmology provided a better picture of the eapgyedominant number of graduate students in our unive
universe than does the book of Genesis." science departments. Why the dearth of American youngs
This leads me to the question" Would an atheist who evolvéuld it be because of their early exposure to, and
out of an evangelical Christian background, or a Romd®ntinued emphasis on, dogmatic belief?" And further: "A g
Catholic background, be accepted by members of his or Horay for the editors of Physics and Society for maintainir

former congregation and feel comfortable attending servicglanced and open editorial policy that invites diverse opin
routinely?" and interaction.”

And now for a couple of comments relative to the last
paragraph of Howard Richards' letter. | say: "Hooray for the
racial minorities and foreigners who are rapidly becoming the

REVIEWS

Suburban Nation: The Rise of Sprawl and the Decline of the American Dream

by AndresDuany, Elizabeth Plater-ZyberkndJeff SpeckNorth Point Press, 200)

This book was written by three well-known architectwalkable neighborhoods, are seen as causing congestio
planners, who designed and helped develop over 200 plan@&glock, long commutes, air pollution, as well as gobbling
communities and revitalized urban centers across the natid¢gtlands and agricultural land.

They are cofounders of the Congress for New UrbanismThis book is not original in either outlook or substance,
(CNU), an organization dedicated to community-friendlypne of dozens written in the past decade by authors such a
“smart growth.” Although, as a transportation professional,Holtz Kay (Asphalt Natiol, J.H.Kunstler The Geography o
was familiar with the thesis and the arguments made, | foundbwhere: the Rise and Decline of America’s Manm.
the concrete examples of “good” and “bad” communities andindscapgandHome from Nowhere: Our Everyday World 1
the graphics very instructive. Although the book sometiméke Twenty first Centujy and others listed in a lengtk
reads like a manifesto mirroring the writers’ beliefs and biaségbliography.

which culminate in the Charter for New Urbanism in Appendix However, what distinguishes this book, in my Opinion' is
B, it is written with enthusiasm and conviction and redeemegcognition of the multifaceted and complex fabric of urban
by the logical organization of chapter topics and subtopics, BMburban planning and historic transportation and econ
numerous graphics illustrating their points, and by copioygax, zoning, permitting) policies at federal, state and I
notes and scholarly references. levels that underlie the built environment in USA. Ultimat

In the past decade, “suburban sprawl” has been transforntbid is a nation of individuals freely making lifestyle choic

from the yuppie ideal of single-family homes on large, greeand not constrained by either landform, or land and w
lots outside congested urban centers, into a code word wabwailability, as is Japan or Europe. | was bothered by
many negative connotations. | found the generalizations in thathors’ blanket condemnation of government policies
book unsettling and overdone: "In the sparse universe planning at all levels (“In sum: the federal governmen
sprawl, the elementary particle is the single-family house”.distant, local government is myopic and regional governme
and “Americans have the finest private realm, but our publiacking”), but encouraged that they dared to make explicit ¢
realm is brutal.” The primary adverse impact of urban armhd federal policy recommendations for a citizens’
suburban sprawl is environmental degradation: although orgianners’ action platform in Chapter 11.
5% of the land area in the USA is bU”t-Up, recent growth hasm advocating mixed-use communities and bottom
accelerated the loss of wetlands, wildlife habitats aﬂézoning combined with regional transportation ¢
watersheds, especially in fast growing sun-belt states ligevelopment planning, the authors make a compelling cas
Florida and California. Its opposite is “sustainable growth,” aeir “TRANSECT” concept, which might be loose
agenda for community- and environmentally-friendlyparaphrased as “think globally, act locally, but plan regiona
development and renewal, espoused by Vice President Gorgef§is concept involves joint p|anning and coordina
initiatives and by the Transportation Efficiency Act for thé' 21deve|opment by mu|tidiscip|inary teams and recognizes a
Century (TEA-21) in 1998. The authors strive to first ana|yZ§pectrum of “appropriate” planning and design princif
the plethora of interrelated socio-economic and environment@nging from outlying suburbs tdowntowns. An excellen
ills spawned by the spread of suburbia, and then to proviggort overview of these issues is provided by Donald Che
prescriptive "how-to" examples of well thought-out urban angis December 2008cientific Americararticle “The Science o
community development, including planned economic growtmart Growth,” including a text-box describing t
transportation, and civic services. TRANSECT concept by the chief author, Andres Duany.

The authors blame “sprawl” and misguided planning by Ample reference materials on the ills of transportation
narrow disciplinary specialists for a broad range of societal aggcioeconomic and cultural ills rooted in urban sprawl cai

environmental ills, from the loss of green fields angound on severawebsites, includingvww.sprawlwatch.org/,
environmental degradation, to theadlling” of America and the www.smartgrowth.org/, angiww.transact.org/

Karl H. Puechl
26864 Stanford St., Hemet, CA 925.
puechl@earthlink.ne

decay of urban centers. At the core of this Gordian knot is Dr. Aviva Brecher, Senior Scienti
“automobility” in transportation policies and infrastructure US D.O.T.Volpe National Transportation Systems Cer
subsidies, seen here as a twin of sprawl and a cause of the lack 55 Broadway, Cambridge, MA 0214
of public transit that should provide both mobility and access to brecher@volpe.dot.go

jobs. Poor transportation planning to accommodate low density
housing in isolated suburbs, and the lack of people-friendly,
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