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ATOMICPOWERTOTHEPEOPLE!

Broadlyspeaking,adeficiencyofpublicunderstandingofscience
posesaprobleminademocraticsociety—especiallyonethatisalso
atechnologicalsocietysodependentforitshumanprogresson
scientificprogress.Butinrecentyearswehavebecomeimpressed
withthefactthatpublicunderstandingoftheatomspecificallyisan
evenmoreurgentproblem,astoagrowingextentourveryfuture
mayhingeonhowwiselywemanagethisgreatnewsourceof
energyanditsmyriadapplications.

Humancivilizationisrapidlyapproachingaseriesofcrisesthat
canbemanagedonlythroughsomeradicaldeparturesinMan’s
dealingswiththerelationshipbetweenenergyandmatter.Nuclear
energyholdsonekey—acrucialone—tothesuccessfulresolution
ofthesecrises.Withoutitthereisnodoubtthatcivilization,aswe
knowit,wouldslowlygrindtoahalt.Withitnotonlywillwebeable
toraiseagreaterpartoftheworld’speopletoadecentstandardof
living,butwewillbeabletomoveallmankindaheadintoaneraof
newhumanadvancement—humanadvancementwhichtakesplace
inharmonywiththenaturalenvironmentthatmustsupportit.
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In the early years of this century there seemed no way ahead for the
human species, no way to the stars, nothing but a disaster of fantastic
dimensions, followed by what at best might be the village life of
immediate post–mediæval times. Nuclear energy changed this
apparently hopeless situation within a couple of momentous
decades. By 1940, the way to the stars was there for the taking.
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READERS might be surprised by our frank and open use of the word
propaganda. Why employ such a loaded term? Why not stop at

trying to inform?

We are not afraid to call this publication what it is, an effort to win
the reader over to our point of view. Anti–nuclear campaigners, aware
of the basic weakness of their position, like to present their propaganda
under the guise of neutral information. We recall, for instance, a book
of cartoons, originally titled “The Anti–Nuclear Handbook” but re–
published for the mass market as “The Beginner’s Guide to Nuclear
Power”, and reviewed in the NewYork Times as “excellent reading while
waiting for your neighborhood meltdown”. Since we know that atomic
energy really is what we say it is, we require no such misdirection.

Another reason to use the word is precisely the negative character
many people associate with it. If those who pick up these booklets take
propaganda to mean “persuasion by fair means or foul”, they may not
quite trust what they read. They will look for authoritative sources of
information, to support or undermine our positions. When they do,
they will find decades’ worth of well–documented work on the part of
many thousands of the world’s most competent and conscientious
scientists and engineers, standing as a firm foundation. The credibility
of the opposing case, by contrast, is all on the surface.

The motto of that most respected of scientific bodies, the Royal
Society of London, surely applies here  : Nullius in verba, or in colloquial
American, “don’t take my word for it”.

Prospectus of the
Man and Atom Society

FEW today would believe that the means are at hand for every
human on Earth to live in peace and prosperity, amid a thriving

biosphere. And yet it is so. Through the development of scientific
technology, humanity has gained (and begun to exercise) immense
power to alter the conditions of life on Earth  — for good or ill.

People in past ages could do little more than trust to divine
providence. Antibiotics and vaccines, agricultural fertilizers and
pesticides, instantaneous world–wide communication, and so many
more innovations have changed all that. And yet this very change has
left many people more fearful than when they were helpless.

The world as we see it is beset with unease, distrust, and conflict.
Everywhere one meets with prophets of one sort of doom or another,
and a feeling that “something’s got to give” is widespread. The young
blame the old, and the old (far less reasonably) the young. Countries
with shrinking populations turn away immigrants and refugees. The
scientists and engineers, and their creations which make modern life
possible, become objects of derision and fear.

We humans, it seems, can resign ourselves more readily to the
inevitable, than we can take up the burden of choice. This would
account for the prevalence of worldviews, whether religious or
nominally secular, which trade in inevitabilities. And experience
teaches us that, if people think things are going from bad to worse,
that is just what will happen, regardless of the material conditions.

Of all the choices which lie before us, the greatest are presented by the
nuclear fission chain reaction and the high–speed rocket. With these
tools, we grasp the forces that light the stars and shape the galaxies  —
but many people can see in them only the V–2s that fell on Antwerp
and London, and the bombs that burst over Hiroshima and Nagasaki.
The paradox is, that until we embrace their uses to build us up and lift
us up, a menace of destruction is all that they can be to us.

So that the choices actually taken may be those which affirm life
rather than destroy it, these great powers must be made a beacon of
hope rather than a specter of fear. Nuclear energy and space travel,
above all, must be used wisely and vigorously — holding back, out of
superabundant caution, is no more wisdom than is blindly rushing
ahead. Herein lies the work of the Society  : in cooperation with all
friends and willing helpers, to advocate for, promote, and advance their
use “in peace for all mankind”.
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J
AMESBurke’smarveloustelevisionseriesConnectionsintroduced
manyofustooneofthekeyhistoricalreasonswhyEnglandand

FrancefoughtoverpossessionofNorthAmerica :itsforests.Byabout
theyear1600,thecuttingofwoodforfuelandclearingoflandfor
agriculturehadleftmuchofEuropetotallydenudedoftreestalland
straightenoughtofurnishthetimberneededforshipbuilding,
especiallyformasts.Tothemaritimepowers,thepinesandhemlocks
growingalongthenavigableriversoftheAtlanticseaboardweremore
preciousthanallthegoldofGolconda.

Splitwood,notatomswasafavoriteanti–nuclearsloganofthe1970s.
Ofcourse,notmucharithmeticisneededtoshowthatobtainingthe
energyrequiredbyamoderntechnologicalsocietyfrombiological
sourcesisquiteimpracticable.Afterall,weneedartificialfertilizersjust
toproduceourfood!Haiticannotbecalledawealthy,energy–hungry
country,andwood–cuttingtherehasledtocatastrophicerosion,
destroyingthefertilityofthesoilandtheagriculturalproductivityof
thecountry,leavingthepeopledestitute.

Atbest,thissloganmightbetakentoexpressalongingforthe
purportedlysimplerlifeofformertimes,onthepartofpeoplewho
grewupwithelectriclights,towhomlightingacandleoranoillampis
anamusingnovelty,andcookingoverafirepartofthefunofcamping
out.Andyet,attemptstoputitintopracticecontinue.Againandagain,
promotersofbiofuelspromisethatagriculturalwastesorcovercrops
arethenewenergysolution,andeverytimetherealityturnsouttobe
quitedifferent.

FewmoreegregiousexamplescouldbefoundthanDrax,thelargest
coal–burningelectricgeneratingstationinBritain,convertedfor
partialfiringwithbiomassinthenameofdecarbonization.
Investigativejournalistshaverepeatedlyfoundthatthemillionsof
tonnesofwoodpelletsannuallyburnedunderitsboilers —broughtby
oil–burningshipsfromasfarawayasthewestcoastofNorth
America —arenotmadefromwastewoodasclaimed,butfromtrees
cutespeciallyforthispurpose.Theloggingofprimaryforest,among
ourmostvaluableresourcesofbiodiversity,tofeedthisvastmawis
welldocumentedbynow.

Fightingclimatechangebycuttingdownforestsislikefightinga
warbybombingyourowncities.

SplitAtoms—NotWood
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The survival of industry and our entire social structure depends
basically upon an unlimited, continuous, and low–cost supply of
electrical energy, the present source of which is mostly coal and oil.
However, attempts are being made to utilize the energy of the sun
and the wind, neither of which is as yet commercially successful. It
may well be that in the not too distant future our energy supply may
come from the atom.

ILLO
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Chapelcross power station, near Annan, Scotland
A near–duplicate of Calder Hall (forerunner of the Magnox type), this
4×60 MWplant entered service in 1959 andoperated until 1996, supplying
a lifetime total of 73·2 TWh to the South ofScotland Electricity Board.
Reactor 2 suffered melting ofexperimental fuel in 1967 but was returned
to service within about a year. Radiological consequences to personnel
and the environment were negligible, and lost power sales considerably
exceeded the actual cost ofrepairs.
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TowardaDurablePeace?

Akeybeliefwhichshapesthewaymanypeopleapproachenergy
questionsisthatanon–nuclearworldbasedonrenewableenergy
sourceswillbeaninherentlypeacefulone.Thisseemstorestontwo
ideas :first,thatsincetheSunshinesandthewindblowsonallpartsof
theEarth,nobodywouldbothertofightoverthem ;andsecond,that
thereissomethinginheavyindustrialtechnologyitself,especially
nucleartechnology(althoughwindturbineswithhundred–meter–long
compositeblades,andevenmoresophotovoltaiccells,arethemselves
theproductofverysophisticatedheavyindustries),whichdistorts
societyintoawarlikeshape.Industryitselfissometimesdescribedasa
formofviolenceagainsttheEarthormarginalizedpeople.

Certainly,sincethebeginningofthetwentiethcentury,warshave
repeatedlybeenfoughtoverpossessionoffossilfuelsources —
includingtheonlywarinwhichnuclearweaponshavesofarbeen
used.Andcontrolofthosefuelshasbeenadecisivefactor,notonlyin
theoutcomeofarmedconflicts,butintheinternationalbalanceof
power.Yetwarsdidnotbeginin1859whenEdwinDrakedrilledthe
firstoilwell.Whatweretheyfoughtoverbefore?Often,theanswer
appearstobe“land”,whichmeansfood,fodder,andfirewood,the
energysourcesofapre–industrialsociety.Andoften,thedecisive
factorwasthecontrolofthepeasants,serfs,orslaveswhoturnedthat
foodintowork.

Modernrenewableenergysources,justlikethoseofthepast,require
landandlotsofit.Norisalllandequallyvaluableforthepurpose.The
mountainsofsouthernMorocco,forexample,surpassalmostthewhole
worldinannualdurationandintensityofsunlight.SomeGermanshave
proposedtodevelopthisenergyresourcetomeettheneedsofEurope,
whichdoesnotseemanymoreapttopromoteinternationalpolitical
stabilitythanburningpipelinegasfromRussia.Inpractice,aconflict
seemsunlikelytoarise,becausetheplaceissoruggedandarid,andso
remotefromhumanhabitations,thatthecostofconstructionthere
(evenbeforetransmissionlinesareconsidered)wouldbeprohibitive.

Sincemanhasnevermovedbackwardsinthefieldofscience,the
developmentofweaponswillnotbepreventedifthecountrieswhich
havenowmasterednucleartechnologystoporlimititscivil
development.Onthecontrary,thefeelingoffrustrationand
deprivationofenergywhichwouldresultfortheexcludedcountries
couldonlypushthemtowardsdevelopingprogrammeswithmilitary
objectivesthemselves.
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present–daynuclearelectricityashavingsmallerlife–cycleequivalent
CO2emissionsthanwindorsolar,saythatthisemphasisoncarbon
makesfissionlookbetterthanitshould.Butacorollarytowhenina
hole,stopdiggingmightbewheninanenvironmentalcrisis,stop
burdeningtheecosystem.Inotherwords,itisimportanttopursue
technologieswhichoccupylessland,consumelessofrawmaterials
thathavetobeextractedfromtheground,andgiverisetolessoftoxic
wastes.

Fissionenergyalreadyscoresverywellonallthesecounts.Itiseasy
togetexcitedabouttheamountofconcreteandsteelinatomicpower
stations,butwhileeachstationislargeandvisible,fewofthemare
needed.Windandsolarrequiremuchmorematerialoverall,spread
overthelandscapewhereitcannotallbeseenatonce.Arecentstudy
concludedthatthetotalamountofearthmovedforatomicpower,per
lifetimekilowatt–hour,wascomparabletothatforwindorsolar —
principallyinthecourseofuraniummining.Theregenerativefuel
cyclewillreducetheconsumptionofuraniumperkWhbyafactorof
fiftyatleast,andcenturieswillbeoccupiedjustindrawingdownthe
stocksalreadymined,nowheldasspentfuelandenrichmenttails.

Thatabove–grounduraniumwillsupplyuswithmoreenergythan
burningallthefossilfuelswecouldeverhopetoextract.Asaresult,so
farasfuelmineralsareconcerned,thebreederreactorliterallyallows
ustostopdigging.

Weallknowthatthereissufficientcoaltolastthiscountryfor
possibly200or300years,butnoamountofeconomicallyworthwhile
effortbymenandmachinerywillenabletheindustrytodigenough
coaloutofthegroundfastenoughtomeetBritain’senergyneeds.
Evenifwewereabletodigoutthecoalinsufficientquantitieswe
wouldsoonfindthatitwasessentialtousemuchofitasafeedstock
forthepetrochemicalindustry.

Whatabouttherenewablesourcesofenergysuchaswave,wind,
andsolarpower?Thatisthequestionpeopleupanddownthe
countryareaskingtodayandtheycertainlywantastraightanswer.
Intimetheymaymakeanextremelyvaluablecontribution.Present
estimatessuggestthatwemightachieveintheregionof10percent
ofourenergyrequirementsfromthesesources.Andrememberweas
consumersstillwantelectricityonthedayswhenthesundoesnot
shineorwhenthewinddoesnotblow.
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ILLO

British scientists, technologists and nuclear plant operators have
proved that nuclear power stations are not expensive luxuries  — not
scientific experiments with only a prestige value  — but are an
integral part of the power generation system of every country whose
future growth is linked to its ability to provide an adequate and
economic electricity supply.
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Above, “pass–out” system for combined heat–and–power with
district heating. Below, “back–pressure” CHP/DH system.
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RenewabledoesnotmeanSustainable

Whaleoilisarenewableenergysource,fromthepointofviewofthe
whalerifnotofthewhale.Thatdoesnotmakeitasustainableenergy
source.Vastthoughtheoceansare,theydonotsupportenoughwhales
forindustrial–scalehuntingnottocauseapopulationcollapse.(Pausea
momentandconsidertheparadoxthatthoseresourceswhich
humanityhasexhaustedhavemainlybeenrenewableones —starting,
perhaps,withthewoolymammoth.)Allmoralquestionstooneside,
poweringourcivilizationwithwhaleoilisnotanenergypolicyoption
worthconsidering,becauseitsimplywouldnotwork.

Ontheoppositesideofthecoin,fissionisnotarenewableenergy
source —thereisonlysomuchuraniumandthoriuminthecrustofthe
Earth —andmanypeoplefeelitisnotamoraloneeither,butitis
sustainable.Sofaraswecansee,wecancallupontheregenerative
fissionfuelcycleforconsiderablymoreenergythanourcivilization
nowuses,forafarlongertimethanhaselapsedfromthedawnof
agriculturedowntothepresentday,withoutnecessarilyincurringany
consequenceswhichwouldcompelustostopusingit.

Erosionwashesmoreuraniumintotheoceanseveryyearthanwe
wouldneedtoextractfromthem,tosatisfyanyforeseeableenergy
need.Thewastes,asdiscussedelsewhereinthisnumber,physically
cannotbuildupinsuchawayastochokeus.Releasesofradioactivity
arealreadyheldtoverylowlevels.Thelandareaoccupiedismodest,
andtherearefew“hiddencosts”intheformofancillarysystems(such
asgrid–scalebatteries)withtheirownrequirementsthatmayprove
hardtomeet.

Hereisthequestion.Dowefollowfacileslogans,likethewill–o’–
the–wisp,everdeeperintoamorassofenergypolicywhichdoesnot
workeithereconomicallyorecologically?Ordowefollowthe“hard
path”markedoutforusbythepioneerswho,overseventyyearsago,
madeittheirfirstprioritytodemonstratethepower–producingfast–
neutronbreederreactor,thussecuringafuturewithatomicpower?

Tothinkthatwecandowithoutasizablecontributionfromnuclear
powerisveryhighriskthinking.Toabandonnuclearpowercould
haveincalculableconsequencesforoursociety.Itcouldalsohave
incalculableconsequencesforthelessdevelopedcountriesifthe
developedcountriesweretocompeteforincreasinglyscarceoilasa
result.Anditisveryeasytoshowthatiftheenergysuppliedby
nuclearpowerhadnowtobemetfromothersources,thereisno
credibleanswer.
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possibilitiesforthoseapplicationswhichputthehightemperatureof
theflametouse.Thegreatestshareofbothdomesticandindustrial
heatconsumption,however,isattemperatureseasilysuppliedby
present–daywater–cooledpowerreactors.

Combinedheat–and–powerismorethananextremelyeffective
meansofconservingenergy.Italsoaffectspatternsofcapital
investment.Mostusesoffuelforheatareamatterofconvenienceand
cost.Electricresistanceheatingischeapintermsofequipment,and
idealwherefinecontrolandmodestamountsofheatarerequired,asin
atoasteroranelectricblanket.Forspaceheating,efficientuseof
electricityrequiresamechanicalheatpump.Aheatexchangertiedtoa
hot–waterpipelinetappedoffasteamturbinerepresentsamuch
smallerinitialcosttotheconsumer,incursvirtuallynomaintenance
cost,andlastsindefinitely.

Ontheproducerside,CHPmakesmoreefficientuseofgenerating
plant,especiallyashot–waterreservoirscanberefilledduringperiods
ofslackpowerdemand.Bothdailyandannualloadfactorscanbe
furtherimprovedwheremotor–drivenair–conditioningequipment(a
veryheavycontributortopeakelectricalloadsinmanyplaces)is
replacedbyheat–operatedchillers.Theoverallinfrastructurecostis
thereforelessthanmightatfirstappear.

TheOne–NumberFallacy?

Thereisatendencytodaytooversimplifyallenvironmentalquestions
toasinglequantitylabeled“carbon”.Real–worldproblemshave
multipleaspectswhichmaypullindifferentdirections.Somepeople,
nonplussedthattheIntergovernmentalPanelonClimateChangerates

Iknowitisarguedthatelectricityasatpresentproducedisan
inefficientwayofusingprimaryenergy,butthistoalargeextent
missesthepoint.Yes,weshoulduseprimaryenergymoreefficiently,
andIbelievetheeconomicpressuresofthepriceoffuelwilldrive
electricityproducerstousetheirwasteheat.Butfarmoreimportant
isthefactthaturaniumisotherwiseauselessmaterial.Farbetterto
useitrelativelyinefficientlythanburnoilorcoal,whicharevaluable
materialsintheirownrightforchemicalfeedstocks.Whenone
considersthattheuraniumremainingfromsuch“wasteful”usecan
inthefuturebeputintofastreactorsandproduceprodigious
amountsmoreenergy,itservestoemphasisethepointandthe
shallownessoftheobjectionstonuclearelectricityfromoverall
primaryenergyutilisationconsiderations.
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The most efficient coal–fired power stations generate about
3  kWh from a kilogram of fuel. 1 00 W continuous for 1 0 years

would require 3 tonnes, which does not fit on this page.

End Use of Energy
in a sample of wealthier countries, 201 9

Residential..................20%
Space Heating 1 1 %

Transport.................... 35%
Passenger Cars 21 % (including personal trucks)

Manufacturing...........23%
Metal Extraction and Refining 6%

Other Industrial . . . . . . . . . .8% (including agriculture and construction)

Mining 4%

Services....................... 1 4%
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An outer arc attached to a wedge
indicates the proportion between the
corresponding major and minor items.
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O
URfamilyhadmovedtoLosAlamos,NewMexicoin1968.Iguess
Ishouldjumpinhereandgiveabitofhistoryofthistown.In

WW II,LosAlamoswasaranchschool.Theplacewasturnedintothe
primaryresearchcenteroftheManhattanProject.Itsmainaimwasthe
designingandbuildingofanatomicbomb.Laterthetownbecamethe
mainresearchcenterfornuclearweaponsdesignformanyyears.At
thetimethereseachorganizationtherewasknownastheLosAlamos
ScientificLaboratory.ItwasalmostalwayssimplycalledtheLAB.

ThisstorycomesfromwhenIlivedinLosAlamos.Itwassometime
inthesummerof1979asIrecall.

Onenicesummerday,IwashangingoutatourAmateurRadioClub.
TheysharedpartofaformerCityFireStation.Whilethebuilding
mostlyheldtheFireAuxiliary,theRadioClubhadoneroomandmost
allofthebasement.Thisbasementwasaccessedbyasteeproadaround
thebackofthebuilding,andonthisparticulardayIwasdownthere
lookingthroughamessofjunkandoldgeartheradioclubhadstored.
Iheardatruckdrivedowntheroad,soIwentouttoseewhomightbe
about.SomeoneinaLABtruckgotoutwithsomesortoftech
equipment.Beingaforwardgal,Iwentoverandaskedwhathewasup
to.Thisguywasmostfriendly,andtoldmehewaswithapartofthe
LABthatmonitorsthecityforradiation.Hepointedoutadevicethat
hadbeenmountedtothebuilding.Thisheexplaineditwasaradiation
monitorthatwashookeduptoacity–widenetwork.

Iasked“Howoftendothedetectorsshowradiation?”

“Oh,”hesaid,“wereallyneverseeanything.”

Iasked,“Really?”Ihadmybigamazedfaceon.

“Well,thetruthis,wecantellthewinddirectionwiththis,”hesaid,
pointingattheradiationmonitor.“Whenthewindisintheright
direction,wedoseeasmallspike.”

“Ohmy,”Igasped,“Howcanthathappen!Whereistheleak?”

Hesmiledandsaid,“Nono,notus.Yousee,whenthewindisfrom
thenorthwest,itcarriesthesmokefromthebigcoal–firedpowerplant
atFourCorners.”Heexplainedtomethatcoalhasatinybitof
radioactivematerialinit.Whenyouburnmillionsoftonsofthestuff,
well,itreleasesafairbitofradiation.

ReminiscencesofanAtomicKid
Justwhereistheradiation?

or,sniffingaroundfortrouble

concentratedinafewthousandlargeboilers,whichcanbereplaced
nearlyone–for–onebynuclearreactors.Thisisaverydifferent
situationfromliterallybillionsofenginesburningoilproducts,ora
similarnumberofoilandgasfurnaces.

Agreatdealofgasisalsoburnedinlargepowerstations,andcanbe
replacedthesameway.Butthiswoulddoverylittleto“stopoil”,afuel
whichisburnedtoproduceelectricityonlysparingly,exceptonthe
smallestscale.Indeed,evenifweweretocompletelyeliminatethe
fossilfuelswhichnowaccountformorethan60%oftheworld
electricitysupply,wewouldstillhavetofaceonecrucialfact.Less
thanonequarteroftheenergyconsumedintheworldisinthe
formofelectricity.

MultipleKindsofEnergy

Wecannotexpectasimple,directsubstitutionofelectricityforfossil
fuels.Evenwhereelectricityischeapandplentiful,asinIcelandor
Manitoba,itisnotusedforeverything.Therearegoodreasonsforthis,
whichcannotallbeovercomebysaying“batteriesaregettingbetter”.

Certainly,electricityisparticularlysuitedtostationaryloads.The
storagebatteryhelpstoadaptitformobileuse,buteffective
electrificationoftenbenefitsfromachangeofviewpoint.Battery–
electricairliners,forinstance,donotappearpractical.Thankstothe
overheadwire,railwaytractioncanbetreatedasstationary,and
300 km/helectrictrainshaveprovenanattractivesubstituteforinland
airroutes —notleastbecauseintermediatestopsaddonlyafew
minutestothetraveltime.

Thermalpowerstations —which,forthefuture,primarilymeans
nuclear,althoughsolar–andgeothermalwillbothseeuseinfavorable
locations —havetheadvantagethattheycansupplyheatalongside
electricity.Muchoftheenergyconsumedintheworldisintheformof
heat,andmuchofthatinturnisprovidedbyfuel.Concentratingsolar
presentsintriguingthermochemicalandphotothermochemical

Itisnotblindtechnologicaloptimismthatleadstotheargumentfor
nuclearpower,butdeeply–consideredeconomicpessimism ;afear
thattheworldinthecomingcenturywill,unlessspecialstepsare
taken,startingnow,begravelyshortofenergyand,asaresult,short
ofeverythingelse—food,employment,goods—butnotshortoflots
ofhungry,coldandveryangrypeople.Theuseofatomsforenergy
providesoneofthebestwaysweknowoftryingtoavoidthis
unhappyprospect.
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“A stocking–out and coal–reclaiming machine at the 1 980 MW
coal–fired Drax power station, in Yorkshire”

Later I gave this a lot of thought. Here I am living in a town that is the
home of nuclear research. I know the town has at least three research
reactors, and here is one of the people that continuously checks the
town for radiation, and the only hot stuff they find comes from a
coal–fired power plant that is more than halfway across the state. Just
where is the risk?

After that I have always had bad thoughts about coal burning. Heck,
our own home had a small coal stove and I had to help shovel for it. To
this day I think coal is awfully dirty.

― Lisa Hayes
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World Oil Consumption by Use
201 9  — total 1 69  EJ (4036 million tonnes)

Transport.................... 65%  — 1 1 0  EJ / 2635 M tonnes

Road Transport 49%  — 83  EJ / 1 986 M tonnes

Industry. . . . . . . . . . . . . . . . . . . . . . . . . .7·3%  — 1 2  EJ / 295 M tonnes

Residential..................5·3%  — 9·0  EJ / 21 8 M tonnes

Other............................22%  — 37  EJ / 892 M tonnes

Non–Fuel Consumption 1 7%  — 28  EJ / 674 M tonnes

An outer arc attached to a wedge
indicates the proportion between the
corresponding major and minor items.
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A
MONGthemostattractiveaspectsofthenuclearfissionfuelcycle
isitswaste.Doesthatsurpriseyou?Ifso,youareingood

company.Thepioneersofthefieldtookdecadestorealizethis.

Comparedtootherhazardousindustrialwastes,thefissionproducts
havethreeremarkablequalities.

1) Theyariseinverysmallamounts.Foragivenproductionof
energy,nuclearfuelsleave(inveryroundfigures)onemillionththe
massofresidueasfossilfuels —andafurtherthousandfoldlessby
volume,asthewastesaremostlysolids.Asaresult,wehavethe
opportunitytohandlethemresponsibly,ratherthandischargingthem
higgledy–piggledyintooursurroundings.Evenaccountingformining
wastes,inthemostunfavorablescenario,ithasbeencalculatedthat
ordinarygranite,usedasasourceofuraniumandthorium,wouldgive
up50timesasmuchenergypertonneasburninggoodcoal.

2) Thehazardtheypresentdiminishesconstantly.Becauseoftheir
smallquantity,theonlyreasonthesewastescauseusconcernistheir
radioactivity.Buttheverynatureofradioactivedecayisthattheactive
atomsarecontinuallyremovingthemselvesfromexistence.Betterstill,
themostenergetic(andthereforehazardous)atomstendtoremove
themselvesthemostquickly.

3) Theyareextraordinarilyeasytodetect.Thebeta–gamma
radiationtypicaloffissionproductscanbepickedup,withinexpensive
handheldinstruments,ataboutoneone–thousandthofthedanger
level.Anyleakcanbefound,runbacktoitssource,anddealtwithlong
beforeharmcanoccur.Thisisverydifferentfromthetypicalsituation
withpoisonousindustrialchemicals.

AGifttotheFuture

Aconcernwhichmanypeoplequitereasonablyvoiceisthatof“leaving
behindwastestoburdenfuturegenerations”.Andthisiswhat
inevitablyhappens —withanyprocessthatproduceswaste,ifthe
processrunsataconstantrate,itswastemountsup,andup,andup.
Themoretheprocessisused,thefastertheaccumulation.

Theexceptionoccurswhensomeotherprocess,incompetitionwith
thefirst,removesthewaste.Inanecosystem,thewastesofone
organism,suchastheoxygengasreleasedbygreenplants,aretypically
consumedbyanotherorganism,butthissetofrelationshipsdoesnot
necessarilyexistintheindustrialworld.Thisisthelogicbehind

WhataWaste!

E
VERYONEknowstheFirstRuleofHoles :whenyou’reinone,stop
digging!Forthisreason,itishardnottofeelsympathyfor

protestersusingsloganssuchas“JustStopOil”,evenwhentheirideaof
ausefulcontributiontopolicydebatesseemslimitedtothrowingpaint
atfamouslandmarks.Butifitweresimpleto“juststop”,wouldoilstill
supplythesinglelargestshareofworldenergy,halfacenturyafter
OPECquintupledthepriceovernight?

Infact,althoughtheshareofoilhasfallen,theactualquantity
consumedhasincreasedbysixtypercent.(Seepreviouspage.Further
energystatisticsmaybefoundinblast№ 1.)Muchofitisusedin
transport.Ifthesupplyofoilwereto“juststop”,somustships,trains,
trucks,andtractors.Millionsofpeoplewouldstarveinthefirstmonth,
andeverymonthafterthat,forwhoknowshowlong.Withoutheating
oil,millionsmorewouldfreezeassoonaswintercame.Thatsounds
muchlesslikeaplatformanyonewouldcaretoadopt.

Itiseasytosay“electrifyeverythingwithrenewableenergy”,“eat
onlylocally–grownfood”,“insulateyourhouseandheatitbyburning
wood”.Toactuallydoanyofthatonaglobalscalewouldbeanentirely
differentmatter —somuchdifferentthatweareinclinedtoregard
theseasaspirations,expressingtheaestheticpreferencesofthepeople
makingthem,ratherthanseriouspolicyproposalsoranykindof
concreteattempttofindawaytomeettheneedsoftheworld.Theone
cannottaketheplaceoftheother.

Worldenergyconsumptionincreasedabout140%between1973and
2019,andthelion’sshareofthatincreasewasmetbyfossilfuels.Of
thesefuels,theeasiesttoreplaceisundoubtedlycoal,asitisprincipally
burnedinelectricgeneratingstations.Thisis,inmanycountries,the
resultofadeliberatepolicytopromotecoalattheexpenseoffission,
whichdoesthesamejobatleastequallywell.Crucially,consumptionis

Holes

TheInternationalSystemofunitsofmeasurementemploysprefixesto
representmultiplicationbypowersoften.Whenreadingthegraphs
andtablesinthispublication,itisimportanttoknow :
kilo–k–103(1000)
mega–M–106

giga–G–109

tera–T–1012

peta–P–1015

exa–E–1018

Thejouleistheunitofenergy,andthewattofpower :1 W=1 J/s
Electricityismeteredbythekilowatt–hourof3·6 MJ(1 GJ=278 kWh)
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“A full–scale model of the vessel to be used for glassification,
storage, and eventual disposal of highly–radioactive waste”

If all the electricity used in Britain were produced from nuclear
power stations we would produce only about 30 tons of fission
products annually. On the other side of the coin the nuclear waste
takes much longer to cool down and lose its activity, and so we have
to handle it while it is hot at least from a radioactive point of view.
Moreover, because the burning of uranium gives out so much more
energy than the burning of coal the radiation given out in the process
is very much more energetic and penetrating. The whole issue of
nuclear waste is therefore connected with handling relatively small
quantities of rather nasty material.

— 10 — — 19 —

Total Fossils (arc).......221 EJ — 87% → 490  EJ — 81%

total  ×   2·2 / share  ×   0·93

World Primary Energy Supply
1 973 (254 EJ) — 201 9 (606 EJ)

Oil................................. 1 1 7  EJ — 46% → 1 87  EJ – 31 %

total   ×   1 ·6 / share  ×   0·67

Coal.............................. 63  EJ — 25% → 1 62  EJ — 27%

total   ×   2·6 / share  ×   1 ·1

Fossil Gas.................... 41 EJ — 1 6% → 1 41   EJ — 23%

total   ×   3·4 / share  ×   1 ·4

Other............................26  EJ — 1 0% → 70  EJ — 1 2%

total   ×   2·7 / share  ×   1 ·1

Fission..........................2 EJ — 0·9% → 30  EJ — 5·0%

total   ×   1 3 / share  ×   5·6

Hydroelectricity........ 4·6  EJ — 1 ·8% → 1 5  EJ — 2·5%

total   ×   3·3 / share  ×   1 ·4



biodegradableplastics.Radioactivewasteisaspecialcase :itconsumes
itself,totallyindependentofexternalfactors,ataratewhichisstrictly
proportionaltothequantityofactivematerialpresent.

Itsohappensthatthehalf–livesofthefissionproductsaresuchthat,
whennuclearfuelisconsumedataconstantrate,thetotalradioactivity
ofthewastesolderthan20yearsisalwayslessthantheactivityofthe
wasteslessthan20yearsold.Thatis,nomorethantwogenerations’
worthofwastecanever,atanytime,exist.

Atomicpoweractivelyunburdensfuturegenerationsofwhatever
wasteswouldhavebeenleftbehindbyothermeansofmeetingthe
presentgeneration’senergyneeds.

HostessBakeriesversusNuclearWaste

Amethodoffinaldisposal,whichhasstooduptoeveryscrutiny,was
presentedbytheCanadiandelegationtothe1958GenevaConference —
yearsbeforeatomicpowerbegantomakeanimportantcontributionto
theeconomiclifeofanynation.Whatotherindustrycansaythesame?

Thefissionproductsareblendedintoaglassymaterial,whichwill
holdthemagainstleachingbywater,fortensorhundredsofcenturies
atleast.Forextraassurance,thisglassistypicallycastintostainless–
steelcanisters,andburiedsomewheresuchthatwater,ifitdidtouch
theglass,wouldnotreachthesurfaceforaverylongtime.Saltdomes
andbeds,clay,andgranitehaveallbeenfoundsuitable.

Allthisprecautionandcareisespeciallyremarkablesincethe
isotopesofmajorbiologicalconcernallhavehalf–livesoflessthan30
years.After10half–lives,anythingmayreasonablybesaidtohave
disappeared.AndaTwinkieinanordinarylandfillmaybeexpectedto
last300years!

Havingtakentheauthorstotaskfornotpresentingthecasefairly,I
concedethatmostofthequestionsthatbesetnuclearenergyare
unanswerablescientifically.Theauthorsarecorrectintheir
insistencethatwhetherornotnuclearenergyoverthelongtermis
acceptableisasmuch,ifnotmore,asocialandhumanproblemasit
isatechnicalone.Ourprofounddifference,asidefromtheirhaving
distortedthetechnicalsituation,centersaroundtheanswerstotwo
questions.Grantedthatnuclearenergyisimperfect,isitpossible,
andoughtwenottry,toimproveboththetechnologyandthesocial
institutionstoremovetheimperfections?Andisthealternativethat
isproposed —a“coal–based,fission–freebridge”toasolarworld —
tobetakenasseriouslyastheauthorsclaim?
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way.Thisapproachisconsidereduneconomic,forthesamebasic
reasonthattheFischer–Tropschprocesshasnevercomeintowideuse :
thefuelvalueofthecoalconsumedistotheliquidfuelproducedas3:1.
Likewise,iftheheatformakingthesteamhastocomefromburning
fossilfuels,itissimplertousethosefuelsdirectlytomakefreshplastic.
Intheaftermathofthe1973oilpriceshock,however,agreatdealof
workwasdoneoncoal–to–liquidsusingthemuchcheaperheatfrom
nuclearenergy.Conventionalwaterreactorscannotreachthe
necessarytemperatures,buthelium–graphitereactorscan.

Wemightenvisionregionalservicecenters,receivingplasticwastes
bybargeortrain,inquantitieslargeenoughtokeepthegas–producing
plantfullyloadedandoperatingefficiently.Thesyngaswouldgo
“acrossthefence”toaclusteroffacilitiesownedandfinancedby
petrochemicalcompanies.Ifthegasifierwereownedbyagovernment
agencyoracooperativeofmunicipalities,andpaidforbysome
combinationofdisposalfeesandataxonplasticsmadefromfossil
fuels,thesyngascouldbesoldataverylowprice,assuringthatit
wouldbetheeconomicallypreferredsourcefornewplastic.

TheHeartoftheMatter

Afterreadingthisfar,youmaybesurprisedandconfusedwhenthe
GermanEnvironmentMinister,forinstance,saysthatatomicpower
mustnotbeusedbecauseitpresentsaninsurmountablewasteproblem.
Nuclear–energyadvocatesareoftenstymiedbecausetheycomefrom
backgroundsinwhichaveryhighvalueisplacedonanswering
questionsbyresorttoempiricalfacts.Andthatispreciselywhatisnot
goingonhere.

Tothescientistorengineer,“thereisnoacceptablewayofmanaging
nuclearwastes”is,ineffect,aquestionlookingforananswer.
Politically,however,itisananswerinitself :“nomethodofmanaging
nuclearwastesisacceptabletous,becausewedonotacceptnuclear
energy.”Thetruequestion,then,isnothowtodealresponsiblywith
wastes,nuclearorotherwise.Itiswhetherthatattitudeisa
responsibleoneinacivilizationdependentuponenergyforitsvery
survival.

Onemajormistakeoftenmadebythetechnicalcommunityisto
assumethatitisthetechnicalmeritsorotherwiseofthetechnology
thataretherealandonlysubjectofscrutiny.Thatisveryoften
peripheral ;theheartofthematterissocialandpolitical,itismuch
morerelatedtovalues,life–styles,anddictatesoftheheart,notthe
head.
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Without the use of logarithmic scales, the activity curves would
fall off so sharply that they could scarcely be seen.
“Actinides”, principally neptunium and americium, can if
desired be separated from the fission products and incinerated
in the fast–neutron reactor.

— 12 —

A 25–pound Magnox fuel rod, of the type used in Britain’s first
generation of nuclear stations, produces about as much electricity as
150 tons of coal. After five years in the reactor, only about one per
cent, that is just a few ounces, is waste. The remaining 99 per cent is
unused uranium and plutonium which can be removed and used
again. Thus after 25 years of nuclear power generation in the UK, the
waste products from used fuel rods would fill little more space than a
four–bedroom house. Even if all our electricity were to be produced
by nuclear power, the total quantity of such waste produced each
year would be equivalent in volume to only about one pencil per
person. — 17 —



Plutonium :ThreatorMenace?

Somepeoplemuddytheissuebyreferringtodischargedreactorfuelas
“waste”.Inthecaseofatypicallight–waterreactor,onlyabout4%of
thespentfuelisfissionproducts.Theremainderisuranium,ofa
compositionclosetothatfoundinnature,andabout1%ofplutonium.

Ifsomeoneweretosaytoyou,“IhavetonnesofplatinumandIdo
notknowhowtodisposeofit”,youwouldthinkhehadlosttheuseof
hisreason.Yetthisisjustwhatissaidaboutplutonium.Platinumis
valuablebecauseitisacatalystforcertainchemicalreactionsvaluable
toindustry —itmakesthemgoaheadwithoutbeingitselfconsumed.
Plutonium,inturn,is(asdiscussedinblast№ 1)thecatalystforthe
productionofabundantenergyfromcheapuranium–238andthorium.

But —someonesays —plutoniumhasahalf–lifeof24 000years! Soit
has.Endallnuclearactivitiesnow,andwewillneedtoisolateovera
thousandtonnesofthismaterial(which,thoughfarfrom“themost
toxicsubstanceknown”asitissometimescalled,isnottobetrifled
with)fromthebiosphereforaquarterofamillionyears.Howisthisan
argumentforstoppingatomicpower?

Butplutoniumcanbeusedtomakebombs!Soitcan.Continuewith
atomicpower,andallofitthatwecangetwillberecycledintoreactor
cores.Asaferplacecanscarcelybeimagined.Asshowninourprevious
number,the“plutoniumeconomy”impliedbytheregenerativenuclear
fuelcycledoesnotrequiremuchmovementofthisfuel,exceptina
diluteformeasilysafeguardedagainstdiversionfornefariouspurposes.

Ifyouthrowawaythespentnuclearfuelafterasinglepassthrough
thereactor,youthrowawaythatpreciouscatalyst,andtheuraniumit
couldhavebeenusedon.Youforecloseonthepossibilityforfissionto
makemorethanasmallcontributiontoworldenergyneeds,forafew
generations.Andthatispreciselythepoint.

Contrarytomostpublicperception,thebasicdisagreementover
nuclearwastedisposalisnotovertherisk,butratheroverthe
benefits.Akeybenefitofapubliclyacceptablewaste–disposal
arrangmentistoremoveanimpedimenttoexpandeduseofnuclear
power.Mostanti–nucleargroupsareopposedtospent–fuel
reprocessing,constructionofspent–fuelstoragefacilities,andearly
wasterepositoryconstruction.Atthesametime,thesegroupsargue
thatnuclearpowershouldnotbepermittedunlessmeansare
availabletoaccommodatethespentfuel.
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turntopage16☛

Nearlyeverybodywouldnowagreethattoburnpuremethaneto
generateelectricityisawastethisworldwillcometoregret.
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ButWait —There’sLess!

ItisacommonobservationthattheraysoftheSunbleachcloth,make
paperbrittle,anddisintegrateplastics.Inmuchthesameway,nuclear
radiationcandenaturethetoxicorganiccompoundswhichareamong
themostdifficultproductsofourindustriestodealwith.Itisnoteasy
tofindaradiationsourcestrongenough,largeenough,andcheap
enoughforbulktreatmentofcontaminatedmaterial,butfuelfreshly
dischargedfromapowerreactormaymeettheneed.

Thisisonlyoneofmanywaysthatatomicenergycancontributeto
thewaste–minimizingtriad,REDUCE—REUSE—RECYCLE.Inaworldwhere
theaveragehumanconsumestheenergyequivalentof2·7tonnesof
coalayear,reducingthewastesoffossil–fuelcombustion,byburning
less,istheobviousplacetostart.Itneverceasestoamazewhenthe
samepeoplewhoexpressincredulityattheideaofdisposingofafew
hundredtonnesayearoffissionproducts,trappedininertglassand
stainlesssteel,embrace“carboncaptureandsequestration”.

Millionsoftonnesadayofagaswhichdissolvesinwatertoforman
acidwhicheatsawayrock,asuffocatinggasheavierthanair,well
knownforformingdeadlypoolswhenitescapesfromunderground —
theonlyreasonablewaytosequestercarbondioxideistheoneweare
undoingwitheverylumpofcoalweburn.

Recentlywehaveheardagreatdealabouttheproblemofplastic
recycling.Ithasprovenverydifficulttodisaggregatediscardedgoods
intoclean,reusableresins,andinpractice,plasticsseparatedfor
recyclingoftengointolandfills,oraredumpedinpoorcountries.

Nevertheless,thereisaprovenwaytofullyrecyclemixedplastics,
eveninthepresenceofmetalcoatings,paper,andfoodwaste.Thisisto
renderthemdownintotheirstartingmaterials.IntheFischer–Tropsch
processformakingliquidfuelsfromcoal,steamreactswithcarbonat
hightemperaturetoproduceamixtureofhydrogenandcarbon
monoxide,knownassynthesisgas.Anydesiredhydrocarboncanthen
beproducedfromthisgas.Infact,mostrawplasticisproducedbya
similarmethod,althoughtodaythesyngasisusuallyobtainedby
incompletecombustionoffossilmethane(“naturalgas”).

Substituteplasticforcoal,andthecycleisaboutasclosedasitcan
get,withaproductindistinguishablefrom“virgin”material.(See
centerfold.)Evenelectroniccircuitboardscanbereclaimedinthis
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Closing the Plastic Cycle
A.... . . . .H igh–temperature nuclear reactor

B.... . . . .Coal–fired boi ler

C.... . . . Reaction vessel fi l led with coal or waste plastic

D.... . . . Incomplete combustion of methane

E.... . . . . Final reaction vessel

1 ... . . . . . H igh–temperature steam (H2O)

2.... . . . . Synthesis gas  : H2 + CO (variable proportions)

3... . . . . . Waste gas  : H2O + CO2 (variable proportions)

4... . . . . . Hydrocarbon product

The pair of chemical reactions shown at top right on the facing page
represents the “classic” Fischer–Tropsch process, with steam raised
by nuclear heat along path A→C→E, or by burning coal along path
B→C→E. The pair of reactions at bottom left represents a synthetic
process starting with methane, path D→E. (CH2)n is the approximate
chemical formula for polyethylene, one of the most common plastics,
used here as an example product.

As shown, if coal (assumed to be pure carbon) is fed to the gas–
producer C, the mass of CO2 waste ultimately dumped into the
atmosphere is greater than that of the desired product in a
proportion of 11:7, not even accounting for the boiler fuel. When
waste plastic is substituted, the hydrogen it contains carries over into
the syngas, and proportionately less CO2 results.

The nuclear fuel reprocessing plant at Cap la Hague, France
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