Vétrny pozar
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The Windscale Piles (uprostied a vpravo) v roce

1985

datum 10. Fijna 1957

Umisténi Windscale, Seascale , Cumbria (nyni Sellafield )

Souradnice 54,4243°N 3,4982°ZSouradnice : 54,4243°N 3,4982°W

Vysledek Uroveri INES 5 (nehoda s $ir§imi nasledky)

Umrti Odhaduje se 100 az 240 umrti na rakovinu v dlouhodobém
horizontu 1112131

Nesmrtelna Maximalné 140 z odhadovanych 240 dalSich pfipadu rakoviny,

zranéni které nejsou fatalni

Vétrny pozar

Pozar Windscale z 10. fijna 1957 byl nejhorsi jadernou havarii v
historii Spojeného kralovstvi a jednou z nejhorsich na svété, podle
zavaznosti na urovni 5 ze 7 moznych na Mezinarodni stupnici
jadernych udalosti . [*) Pozar byl v jednotce 1 dvoupilotové lokality
Windscale na severozapadnim pobrezi Anglie v Cumberlandu (nyni
Sellafield , Cumbria ). Dva grafitem moderované reaktory , v té dobé
oznacovaneé jako ,hromady”, byly postaveny jako soucast britského
povaleéného projektu atomové bomby . Vétrna pilota ¢. 1 byla v

provozu v fjnu 1950, nasledovana pilotou ¢&. 2 v ¢ervnu 1951. [4]

Ohen horel tri dny a uvolnoval radioaktivni spad , ktery se rozsitil po
Velké Britanii a zbytku Evropy. [3] Radioaktivni izotop jodu-131,
ktery miize vést k rakoviné stitné zlazy , byl v té dobé zvlasté
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znepokojen. Od té doby vyslo najevo, Ze se také uvolnilo malé, ale
vyznamné mnozstvi vysoce nebezpecného radioaktivniho izotopu
polonia-210 . [815] Odhaduje se, e tnik radiace mohl zptisobit
dalSich 240 pripadi rakoviny, pri¢emz 100 az 240 z nich bylo
smrtelnych. [2112113]

V dobé incidentu nebyl nikdo z okoli evakuovan, ale mléko z asi 500
km 2 (190 ¢tvere¢nich mil) blizkého venkova bylo asi mésic fedéno a
nic¢eno kvili obavam z jeho radiaéni expozice. Britska vlada tehdejsi
udalosti bagatelizovala a zpravy o pozaru podléhaly tvrdé cenzure,

protoze premiér Harold Macmillan se obaval, Ze incident poskodi
britsko-americké jaderné vztahy. 3

Udalost nebyla izolovanym incidentem; v letech pred nehodou doslo
k sérii radioaktivnich v{bojii z hromad. [7! Na jate 1957, pouhé
mésice pred pozarem, doslo k tiniku radioaktivniho materialu , ve

kterém se do Zivotniho prostiedi uvolnily izotopy stroncia-go . [8119]
Stejné jako pozdéjsi pozar byl i tento incident zakryt britskou vladou.
(8] Pozdéjsi studie o uvolnéni radioaktivniho materialu v déisledku
pozaru Windscale odhalily, ze velka ¢ast kontaminace vznikla z

takovych tnikd radiace pfed pozarem. [7)

Studie z roku 2010 u pracovniki, kteri se podileli na odstranovani
nehody, nezjistila Zadné vyznamné dlouhodobé tucinky na zdravi
zptisobené jejich zapojenim. [10].[11]
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Pozadi

Objev jaderného Stépeni v prosinci 1938 Otto Hahnem a Fritzem
Strassmannem po jeho predpovédi Idy Noddack v roce 1934 — a jeho

vysvétleni a pojmenovani Lise Meitnerovou a Otto Frischem —
vyvolalo moznost, Ze by mohla byt vytvorena extrémneé silnia atomova
bomba . 2] Béhem druhé svétové valky Frisch a Rudolf Peierls na
univerzité v Birminghamu vypocitali kritickou hmotnost kovové
koule ¢istého uranu-235.a zjistili, Ze jen 1 az 10 kilogrami (2,2 az

22,0 Ib) miiZe explodovat silou tisic tun dynamitu. [13]

V reakci na to zahéjila britska vlada projekt atomové bomby s
kédovym oznaéenim Tube Alloys . 14 Quebeck4 dohoda ze srpna
1943 sloudila Tube Alloys s americkym projektem Manhattan . [15]
Jako hlavni vedouci britského prispévku k projektu Manhattan
vytvoril James Chadwick tzké a ispé$né partnerstvi s Ameri¢any [16]
a zajistil, Ze britska tcast byla kompletni a bezvyhradna. [17]

Po skonceni valky se zvlastni vztahy mezi Britanii a Spojenymi staty
,staly mnohem méné zvlastnimi“. [18] Britsk4 vlada piedpokladala, Ze

Amerika bude i nadale sdilet jadernou technologii, coz povazovala za
spole¢ny objev, [19] ale bezprosttedné po valce bylo vyménéno jen
malo informaci. [22] Zakon o atomové energii z roku 1946
(McMahontiv zakon) oficialné ukoncil technickou spolupraci. Jeho
kontrola nad "omezenymi daty" zabranila spojenciim Spojenych

statd v ptijimani jakychkoli informaci. [22]

Britska vlada to vid€la jako oZiveni izolacionismu Spojenych statii
podobného tomu, ke kterému doslo po prvni svétové valce . To

vyvolalo moznost, Ze Britanie bude muset bojovat s agresorem sama.
[22] Také se obavalo, Ze by Britanie mohla ztratit své velmocenské
postaveni, a tedy i vliv na svétové déni. (23] P¥edseda vlady Spojeného
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kralovstvi Clement Attlee zridil dne 10. srpna 1945 podvybor
kabinetu , Vybor Gen 75 (neformalné znamy jako ,,Vybor pro
atomovou bombu*) [24] | aby prozkoumal proveditelnost obnoveny
program jadernych zbrani.[25!

Reditelstvi trubkovych slitin bylo 1. listopadu 1945 pfevedeno z
oddéleni védeckého a primyslového vyzkumu pod ministerstvo

zasobovani [26] a Lord Portal byl jmenovan kontrolorem vyroby,
atomova energie (CPAE) s primym pristupem k predsedovi vlady.
Atomic Energy Research Establishment ( AERE ) byl zalozen v RAF
Harwell , jizné od Oxfordu , pod vedenim Johna Cockerofta . [27]
Christopher Hinton souhlasil, Ze bude dohliZzet na navrh, konstrukei
a provoz novych jadernych zbrojnich zafizeni, [28! kter4 zahrnovala

tovarnu na vyrobu uranu ve Springfields .v Lancashire [ 29! a jaderné

reaktory a zarizeni na zpracovani plutonia ve Windscale v Cumbrii .

(301 Své sidlo zalozil v byvalé Royal Ordnance Factory v Risley v
Lancashire dne 4. tinora 1946. [28]

V Cervenci 1946 Vybor nacelnikii Stabt doporucil Britanii ziskat
jaderné zbrané. 31 Odhadli, ze do roku 1957 bude potieba 200
bomb. 1321 Zased4ni viboru Gen 163, podvyboru vyboru Gen 75, dne
8. ledna 1947, souhlasilo s pokracovanim vyvoje atomovych bomb a
podporilo Portaltiv navrh. umistit Penneyho, nyni hlavniho vrchniho

dozorce pro vyzkum vyzbroje (CSAR) ve Fort Halstead v Kentu,
povéfenym vyvojovym Usilim [23] | které bylo oznac¢eno kodovym
oznacenim High Explosive Research . [33]Penney tvrdil, Ze
"diskrimina¢nim testem pro prvotridni mocnost je to, zda vyrobila

atomovou bombu a my bud musime projit testem, nebo utrpét
vaZnou ztratu prestiZe v této zemi i na mezinarodni trovni." [34]

Hromady vétru

Hlavni ¢lanek: Windscale Piles

Britsti védci méli diky své acasti ve valecném projektu Tube Alloys
and Manhattan znac¢né znalosti o vyrobé stépnych materiald.
Americ¢ané vytvorili dva druhy, uran-235 a plutonium, a prosazovali
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ti rizné zplisoby obohacovani uranu . [35]
Muselo byt uc¢inéno brzké rozhodnuti, zda

by se vysoce explozivni vyzkum mél
soustredit na uran-235 nebo plutonium. I
kdyz by kazdy rad prosel vSemi cestami,
jako to udélali Americané, bylo pochybné,
zda si povalec¢né britska ekonomika s
omezenou hotovosti miize dovolit penize
nebo kvalifikovanou pracovni silu, kterou
by to vyZzadovalo. [36]

Védci, kteri zastali v Britanii,
uprednostniovali uran-235, ale ti, kteri
pracovali v Americe, byli siln€ pro
plutonium. Odhadli, Ze bomba s uranem-
235 by vyzadovala desetkrat vice stépného
materialu nez bomba vyuzivajici
plutonium k vyrobé poloviny ekvivalentu
TNT . Odhady nakladi na jaderné
reaktory se liSily, ale pocitalo se, ze
tovarna na obohacovani uranu bude stat
desetkrat tolik, aby vyrobila stejny pocet
atomovych bomb jako reaktor.
Rozhodnuti bylo proto prijato ve prospéch

plutonia.

Reaktory byly postaveny v kratké dobé
pobliz vesnice Seascale , Cumberland .
Byly znamé jako Windscale Pile 1 a Pile 2,

Design Windscale Pile ¢. 1
s vyobrazenim jednoho z

mnoha palivovych kanala

Baclega: sl Coneer

Vyrezovy diagram reaktoru
Windscale

umisténé ve velkych betonovych budovach nékolik set stop od sebe.

Jadro reaktori sestavalo z velkého bloku grafitu s vyvrtanymi
horizontalnimi kanaly pro palivové kazety. Kazda kazeta se skladala z

uranové tyce o délce asi 30 cm (12 palcli) uzavrené v hlinikovém

kanystru, aby byla chranéna pred vzduchem, protoZe uran se za tepla

stava vysoce reaktivni a miize se vznitit.
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Zasobnik byl zebrovany, coZ umoznilo vyménu tepla s okolim pro
chlazeni palivovych ty¢i, kdyz byly v reaktoru. Tyce byly zatla¢eny do
predni casti jadra, ,,Cela ndboje®, pricemz nové tyce byly pridavany
vypocitanou rychlosti. To zatlacilo ostatni nabojnice v kanalu
smérem k zadni ¢asti reaktoru, coz nakonec zpiisobilo, ze vypadly ze
zadni ¢asti, ,Cela vyboje*, do kanalu naplnéného vodou, kde se
ochladily a mohly byt shromazdény.

Retézova reakce v jadfe pfeménila uran na rizné izotopy, véetné
plutonia, které bylo oddéleno od ostatnich materialii pomoci
chemického zpracovani. Protoze toto plutonium bylo zamysleno pro
ucely zbrani , spalovani paliva by bylo udrzovano na nizké arovni,
aby se snizila produkce tézsich izotopi plutonia, jako je plutonium-

240 a plutonium-241 .

Konstrukce zpocatku pozadovala chlazeni jadra jako reaktor B , ktery
vyuzival staly prisun vody, ktera proudila kanaly v grafitu. Existovaly
znacné obavy, ze by takovy systém mohl v pripadé havarie se ztratou
chladici kapaliny zpiisobit katastrofalni selhani . To by zptisobilo, ze
by se reaktor béhem nékolika sekund vymknul kontrole a mohl by

explodovat. V Hanfordu byla tato moznost feSena vybudovanim 30
mil (48 km) anikové cesty k evakuaci personalu, pokud by k tomu
doslo, a misto bylo opusténo.

Protoze chybélo jakékoli misto, kde by mohla byt opusténa oblast 30
mil, pokud by k podobné udalosti doslo ve Spojeném kralovstvi,
navrhari pozadovali pasivné bezpecny chladici systém. Misto vody
pouzili chlazeni vzduchem pohanéné konvekei pres 400 stop (120 m)
vysoky komin, ktery mohl vytvorit dostate¢né proudéni vzduchu pro
chlazeni reaktoru za normalnich provoznich podminek. Komin byl
usporadan tak, ze vtahoval vzduch kanaly v aktivni z6né a ochlazoval
palivo pres zebra na patronach. Pro dodatec¢né chlazeni byly pred
jadrem umistény obrovské ventilatory, které mohly vyrazné zvysit
rychlost proudéni vzduchu.
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Fyzik Terence Price béhem stavby zvazoval moznost roztrzeni
palivové kazety, pokud by byla napriklad nova kazeta vlozena prilis
silné, coz zptisobilo, ze kazeta v zadni ¢asti kanalu vypadla za
relativné izky vodni kanal a rozbila se o podlahu. za tim. Horky uran
by se mohl vznitit a jemny prach oxidu uranu by byl vyhozen do
komina a unikal.

Na schiizi nastolil problém a navrhl, aby byly do komint pridany
filtry, ale jeho obavy byly zamitnuty jako prilis obtizné na reseni a
nebyly ani zaznamenany do zapisu. Sir John Cockcroft, vedouci
projektového tymu, byl dostate¢né znepokojen, aby objednal filtry.
Nemohly byt instalovany na zakladné, protoze stavba kominti jiz
zacCala, a byly postaveny na zemi a poté, co beton kominu ztuhl,
navijakem se umistily nahore.

Stali se znamymi jako " Cockcroft's Folly ", protoze mnozi povazovali

zpozdéni, které zptisobili, a jejich velké naklady za zbytec¢né plytvani.
Béhem pozaru filtry zachytily asi 95 % radioaktivniho prachu a
pravdépodobné zachranily velkou ¢ast severni Anglie pred tim, aby
se stala jadernou pustinou. Terence Price rekl, zZe ,,slovo blaznovstvi
se po nehodé nezdalo vhodné*, [42]

Nakonec se Priceovy obavy naplnily. Vodni kanal minulo tolik
patron, Ze se pro personal stalo rutinou prochazet kominovym
potrubim s lopatami a nabirat patrony zpét do vody. 43! Pfi jinych
prileZitostech se palivové nabojnice zasekavaly v kanalech a praskly,
kdyz byly jesté v jadie. [44] Navzdory témto opatienim a kominovym
filtrim objevil védec Frank Leslie radioaktivitu v okoli mista a
vesnice, ale tato informace byla drzena v tajnosti, dokonce i pred
zaméstnanci stanice. [451146]

Wignerova energie

Hlavni ¢lanek: Wigneruv efekt
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Jakmile byla pilota 2 uvedena do provozu a usazena do provozu,
zazila zdhadny nartst teploty jadra. Na rozdil od Americ¢ani a Sovéti
méli Britové jen méalo zkusenosti s chovanim grafitu pri vystaveni
neutrontim. Mad’arsky-americky fyzik Eugene Wigner objevil, Ze
grafit, kdyz je bombardovan neutrony, trpi dislokacemi ve své

krystalické strukture, coz zpusobuje nahromadéni potencialni
energie. Pokud by se tato energie mohla akumulovat, mohla by
samovolné uniknout v silném privalu tepla. Americané na tento
problém dlouho upozornovali a dokonce varovali, ze takovy vyboj by
mohl vést k pozaru reaktoru. [47) Britsky design tak mél fatalni

chybu. [47]

Nahlé vybuchy energie znepokojily operatory, kteri se obratili na
jediné schiidné reseni, ohrev aktivni zony reaktoru v procesu
znamém jako zihani . Kdyz se grafit zahteje nad 250 °C (482 °F),
stane se plastickym a Wignerovy dislokace se mohou uvolnit do
svého prirozeného stavu. Tento proces byl postupny a zpiisobil
rovnomérné uvoltiovani, které se rozsitilo po celém jadru. 48 Tento
improvizovany proces byl pravidelné provadén ve Windscale, ale v
pribehu let bylo stale obtiznéjsi vytlacit nahromadénou energii ven.
[47] Uvolnéni Wignerovy energie, podrobnosti o reaktorech a dalsi
podrobnosti o havarii pojednava Foreman ve svém prehledu havarii
reaktort. [49]

Vyroba tritia

Winston Churchill verejné zavazal Spojené kralovstvi k vybudovani
vodikové bomby a dal védctiim presny harmonogram, jak tak uéinit.
To bylo poté urychleno poté, co USA a SSSR zacaly pracovat na
zakazu zkousek a moznych dohodach o odzbrojeni, které by vstoupily
v platnost v roce 1958. Ke splnéni tohoto terminu nebyla Sance
postavit novy reaktor na vyrobu pozadovaného tritia , takze
Windscale Palivo na hromadé 1 bylo upraveno pridanim
obohaceného uranu a lithia - horé¢iku , z nichz druhy by produkoval
tritium bé€hem ostrelovani neutrony. VSechny tyto materialy byly
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vysoce horlavé a rada zaméstnancti Windscale nadnesla otazku
inherentnich nebezpeci novych palivovych naplni. Tyto obavy byly
smeteny stranou.

KdyzZ jejich prvni test H-bomby selhal, padlo rozhodnuti postavit
velkou fizni St€pnou zbran.namisto. To vyzadovalo obrovské

mnozstvi tritia, pétkrat vice, a muselo byt vyrobeno co nejrychleji, jak
se bliZily terminy zkousek. Aby zvysili rychlost vyroby, pouzili trik,
ktery byl ispé€sny pri zvySovani produkce plutonia v minulosti:
zmensenim velikosti chladicich zZeber na palivovych kazetach byli
schopni zvysit teplotu naplné paliva, coz zplisobilo malé, ale uzite¢né
zvySeni rychlosti obohacovani neutrony. Tentokrat také vyuzili vyhod
mensSich ploutvi tim, ze v kazetach vybudovali vétsi vnitrky, coz
umoznilo vice paliva v kazdé z nich. Tyto zmény vyvolaly dalsi
varovani od technického personalu, ktera byla opét smetena.
Christopher Hinton , reditel Windscale, odesel frustrovany.

Po prvnim aspésném vyrobnim cyklu tritia v hromadé 1 se
predpokladalo, ze problém s teplem je zanedbatelny a zacala vyroba v
plném rozsahu. Ale zvySenim teploty reaktoru nad konstrukéni
specifikace védci zménili normalni rozlozeni tepla v aktivni zéné, coz
zpusobilo vznik horkych mist na hromadé 1. Ty nebyly detekovany,
protoZe termoclanky pouzivané k meéreni teplot aktivni zény byly

umistény zaloZeny na ptivodnim navrhu rozvodu tepla a nemeérily
casti reaktoru, které byly nejzhavéjsi.

nehoda

& Tato sekce potiebuje pro ovéieni dal3i citace . Pomozte prosim vylepsit tento
¢lanek pfidanim citaci na spolehlivé zdroje . Nezdrojovany material muze byt
napaden a odstranén.

Najit zdroje: "Vétrny poZar" — zpravy - noviny_ - knihy_ - védec - JSTOR ( fijen 2019 ) ( Zjistéte,
jak a kdy odstranit tuto $ablonu zprévy )

zapalovani
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Dne 7. fijna 1957 si operatori piloty 1 vSimli, Ze reaktor se zahriva
vice neZ normalné, a bylo na¥izeno uvolnéni Wignera . [521' v
minulosti to bylo provedeno osmkrat a bylo znamo, ze cyklus zptisobi
rovnomerné zahrati celého jadra reaktoru. Behem tohoto pokusu
teploty zacaly anomalné klesat v aktivni zoné reaktoru, kromeé kanalu

2053, jeho? teplota stoupala. 53] Doglo k zavéru, ze rok 2053
uvolnoval energii, ale nikdo z ostatnich nebyl, rano 8. fijna bylo
rozhodnuto zkusit druhé vydani Wignera. Tento pokus zpiisobil, ze
teplota celého reaktoru vzrostla, coz ukazuje na uspésné uvolnéni.

Brzy rano 10. fijna vzniklo podezieni, Ze se déje néco neobvyklého.
Teplota v jadru meéla postupné klesat, jak skoncilo uvolnovani
Wignerovy energie, ale monitorovaci zarizeni ukazalo néco
nejednoznacnéjsiho a jeden termoclanek naznacoval, Ze teplota jadra
misto toho roste. Jak tento proces pokracoval, teplota dale stoupala a
nakonec dosahla 400 °C (750 °F).

Ve snaze ochladit hromadu byly zrychleny chladici ventilatory a
zvySeno proudéni vzduchu. Detektory zareni v kominé pak indikovaly
uvolnéni a predpokladalo se, ze praskla patrona. Nebyl to fatalni
problém a v minulosti se to stavalo. Operatori v§ak nevédéli, ze
nabojnice nejen praskla, ale zacala horet, a to byl zdroj anomaéalniho
zahrivani v kanalu 2053, nikoli Wignerovo uvolnéni.

Ohen

Zrychleni ventilatori zvysilo proudéni vzduchu v kanalu a
rozdmychalo plameny. Ohen se rozsiril do okolnich palivovych
kanaldl a brzy se radioaktivita v kominé rychle zvySovala. 58] Predik,
prijizdéjici do prace, si vS§iml koure vychazejiciho z komina. Teplota
jadra stale rostla a operatofi za¢ali mit podezient, e jadro hoti. [57]

Operatori se pokusili hromadu prozkoumat vzdalenym skenerem, ale
zasekla se. Tom Hughes, druhy ve veleni vedouciho reaktoru, navrhl
prozkoumat reaktor osobné, a tak on a dalsi operator, oba v
ochranném obleceni, sli k nalozi reaktoru. Kontrolni zatka
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palivového kanalu byla vyjmuta v blizkosti termoclanku
zaznamenavajiciho vysoké teploty a prave tehdy operatori videli, ze
palivo je rozzhavené.

"Byla vyjmuta kontrolni zatka," fekl Tom Hughes v pozdéjSim
rozhovoru, "a my jsme k nasi naprosté hriize videéli ¢tyri kanaly paliva
zarici jasné treSniove Cervené."

Nyni jiZz nebylo pochyb o tom, Ze reaktor byl v plamenech, a to uz
téméf 48 hodin. ManazZer reaktoru Tom Tuohy 58] si nasadil
kompletni ochranné vybaveni a dychaci pristroj a vysplhal po
8ostopém (24 m) Zebriku na vrchol budovy reaktoru, kde se postavil
na viko reaktoru, aby prozkoumal zadni ¢ast reaktoru. tvar. Riskoval
tim sviij Zivot tim, Ze se vystavil velkému mnozstvi radiace. 47 Hl4sil
viditelnou matné ¢ervenou luminiscenci, ktera osvétlovala prazdnotu
mezi zadni ¢4sti reaktoru a zadnim kontejnmentem. [59]

Red hot fuel cartridges were glowing in the fuel channels on the
discharge face. He returned to the reactor upper containment several
times throughout the incident, at the height of which a fierce
conflagration was raging from the discharge face and playing on the
back of the reinforced concrete containment — concrete whose
specifications required that it be kept below a certain temperature to
prevent its collapse.[®!

Initial fire fighting attempts

Operators were unsure what to do about the fire. First, they tried to
blow the flames out by running the fans at maximum speed, but this
fed the flames. Tom Hughes and his colleague had already created a
fire break by ejecting some undamaged fuel cartridges from around
the blaze, and Tom Tuohy suggested trying to eject some from the
heart of the fire by bludgeoning the melted cartridges through the
reactor and into the cooling pond behind it with scaffolding poles.[47]
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This proved impossible and the fuel rods refused to budge, no matter
how much force was applied.!47! The poles were withdrawn with their
ends red hot; one returned dripping molten metal.[4”] Hughes knew
this had to be molten irradiated uranium, causing serious radiation
problems on the charge hoist itself.

"It [the exposed fuel channel] was white hot," said Hughes' colleague
on the charge hoist with him, "it was just white hot. Nobody, I mean,
nobody, can believe how hot it could possibly be."

Carbon dioxide

Next, the operators tried to extinguish the fire using carbon dioxide.
[47] The new gas-cooled Calder Hall reactors on the site had just
received a delivery of 25 tonnes of liquid carbon dioxide and this was
rigged up to the charge face of Windscale Pile 1, but there were

problems getting it to the fire in useful quantities.

"So we got this rigged up," Tuohy recounted, "and we had this poor
little tube of carbon dioxide and I had absolutely no hope it was
going to work."47] In the event, it was found to have no effect.!47]

Use of water

On the morning of Friday 11 October, when the fire was at its worst,
eleven tons of uranium were ablaze. Temperatures were becoming
extreme (one thermocouple registered 1,300 °C (2,400 °F) and the
biological shield around the stricken reactor was now in severe
danger of collapse. Faced with this crisis, Tuohy suggested using
water. This was risky, as molten metal oxidises in contact with water,
stripping oxygen from the water molecules and leaving free
hydrogen, which could mix with incoming air and explode, tearing
open the weakened containment. Faced with a lack of other options,
the operators decided to go ahead with the plan.[®

About a dozen fire hoses were hauled to the charge face of the
reactor; their nozzles were cut off and the lines themselves connected
to scaffolding poles and fed into fuel channels about 1 metre (3 ft)
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above the heart of the fire. Tuohy once again hauled himself onto the
reactor shielding and ordered the water to be turned on, listening
carefully at the inspection holes for any sign of a hydrogen reaction
as the pressure was increased. The water was unsuccessful in
extinguishing the fire, requiring further measures to be taken.

Shutting off air

Tuohy then ordered everyone out of the reactor building except
himself and the fire chief in order to shut off all cooling and
ventilating air entering the reactor. By this time, an evacuation of the
local area was being considered, and Tuohy's action was the workers'
last gamble.!47! Tuohy climbed up several times and reported
watching the flames leaping from the discharge face slowly dying
away. During one of the inspections, he found that the inspection
plates—which were removed with a metal hook to facilitate viewing
of the discharge face of the core—were stuck fast. This, he reported,
was due to the fire trying to suck air in from wherever it could.!47!

"I have no doubt it was even sucking air in through the chimney at
this point to try and maintain itself," he remarked in an interview.

Finally he managed to pull the inspection plate away and was greeted
with the sight of the fire dying away.

"First the flames went, then the flames reduced and the glow began
to die down," he described, "I went up to check several times until I
was satisfied that the fire was out. I did stand to one side, sort of
hopefully," he went on to say, "but if you're staring straight at the
core of a shut down reactor you're going to get quite a bit of
radiation." (Tuohy lived to the age of 90, despite his exposure.)

Water was kept flowing through the pile for a further 24 hours until
it was completely cold. After the water hoses were turned off, the
now contaminated water spilled out onto the forecourt.!47]
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The reactor tank itself has remained sealed since the accident and
still contains about 15 tons of uranium fuel. It was thought that the
remaining fuel could still reignite if disturbed, due to the presence of
pyrophoric uranium hydride formed in the original water dousing.
[62] Subsequent research, conducted as part of the decommissioning

process, has ruled out this possibility.[23! The pile is not scheduled
for final decommissioning until 2037.

Aftermath

Radioactive release

There was a release into the atmosphere of radioactive material that
spread across the UK and Europe.!5! The fire released an estimated
740 terabecquerels (20,000 curies) of iodine-131, as well as 22 TBq
(594 curies) of caesium-137 and 12,000 TBq (324,000 curies) of
xenon-133, among other radionuclides.[®4! The UK government
under Harold Macmillan ordered original reports into the fire to be
heavily censored and information about the incident to be kept

largely secret, and it later came to light that small but significant
amounts of the highly dangerous radioactive isotope polonium-210
were released during the fire.[471(3]

Later reworking of contamination data has shown national and
international contamination may have been higher than previously
estimated.[5! For comparison, the 1986 Chernobyl explosion released
approximately 1,760,000 TBq of iodine-131; 79,500 TBq caesium-
137; 6,500,000 TBq xenon-133; 80,000 TBq strontium-90; and
6,100 TBq plutonium, along with about a dozen other radionuclides
in large amounts.[64]

The Three Mile Island accident in 1979 released 25 times more
xenon-135 than Windscale, but much less iodine, caesium and

strontium.[®4! Estimates by the Norwegian Institute of Air Research
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indicate that atmospheric releases of xenon-133 by the Fukushima
Daiichi nuclear disaster were broadly similar to those released at
Chernobyl, and thus well above the Windscale fire releases. 95!

Three Mile Island Fukushima

Half (compared to Daiichi
Material life Windscale Windscale) Chernobyl (atmospheric)
lodine- 8.0197 740 much less 1,760,000 130,000
131 days
Caesium- 30.17 22 much less 79,500 35,000
137 years
Xenon- 5.243 12,000 6,500,000 17,000,000
133 days
Xenon- 9.2 25 x Windscale
135 hours
Strontium- 28.79 much less 80,000
90 years
Plutonium 6,100

Radioactive releases compared (TBq)

The presence of the chimney scrubbers at Windscale was credited
with maintaining partial containment and thus minimising the
radioactive content of the smoke that poured from the chimney
during the fire. These scrubbers were installed at great expense on
the insistence of John Cockcroft and were known as Cockcroft's Folly
until the 1957 fire.[42]

Health effects

Of particular concern at the time was the radioactive isotope iodine-
131, with a half-life of about eight days. Iodine taken up by the
human body is preferentially incorporated in the thyroid. As a result,
consumption of iodine-131 can give an increased chance of later
suffering cancer of the thyroid. In particular, children are especially
at risk due to their thyroids not being fully developed.!”! In the days
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following the disaster, tests were carried out on local milk samples,

and the milk was found to be dangerously contaminated with iodine-
[66]

131.

It was thus decided that consumption of milk from the surrounding
area should be stopped, and eventually restrictions were put in place
on the consumption of milk from the 200-square-mile (520 km?)
area surrounding the piles.[%”] Milk from about 500 km? of nearby
countryside was destroyed (diluted a thousandfold and dumped in
the Irish Sea) for about a month.[”! However, no one was evacuated
from the surrounding area.

The original report into the incident, the Penney Report, was ordered
to be heavily censored by prime minister Harold Macmillan.[681L3]

Macmillan feared that the news of the incident would shake public
confidence in nuclear power and damage British-American nuclear
relations.[3! As a result, information about the release of radioactive
fallout was kept hidden by the government.[3! It was not until 1988
that Penney's report was released in full.[%9]

Partly because of this censorship, consensus on the extent of the
long-term health impacts caused by the radiation leak has changed
over time as more information on the incident has come to light.[7°]
The release of the highly dangerous radioactive isotope polonium-
210, which had been covered up at the time, was not factored into
government reports until 1983, when it was estimated that the fallout
had caused 33 cancer fatalities in the long-term.[7!

These deaths were attributed not only to thyroid cancer, but also to
lung cancer.!72! An updated 1988 UK government report (the most
recent government estimate) estimated that 100 fatalities "probably”
resulted from cancers as a result of the releases over 40 to 50 years.
(7311741 The government report also estimated that 9o non-fatal
eancers were caused by the incident, as well as 10 hereditary defects.
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Other studies of additional cancer cases and mortality resulting from
the radiological release have produced differing results.[”®l In 2007,
the 50-year anniversary of the fire, new academic research into the
health effects of the incident was published by Richard Wakeford, a
visiting professor at the University of Manchester's Dalton Nuclear

Institute, and by former UK Atomic Energy Authority researcher
John Garland.[2! Their study concluded that because the actual
amount of radiation released in the fire could be double the previous
estimates, and that the radioactive plume actually travelled further

east, there were likely to be 100 to 240 cancer fatalities in the long
term as a result of the fire.[312]

A 2010 study of workers directly involved in the cleanup—and thus
expected to have seen the highest exposure rates—found no
significant long-term health effects from their involvement.[0ll11]

Salvage operations

The reactor was unsalvageable; where possible, the fuel rods were
removed, and the reactor bioshield was sealed and left intact.
Approximately 6,700 fire-damaged fuel elements and 1,700 fire-
damaged isotope cartridges remain in the pile. The damaged reactor
core was still slightly warm as a result of continuing nuclear
reactions. In 2000 it was estimated that the core still contained

1470 TBq (4.1 g) of tritium (half-life 12 years),

213 TBq (69 g) of caesium-137 (half-life 30 years),

189 TBq (37 g) each of strontium-9o (half-life 29 years) and its
daughter yttrium-9o,

9.12 TBq (4.0 kg) of plutonium-239 (half-life 24,100 years),

e 1.14 TBq (0.29 g) of plutonium-241 (half-life 14 years)

as well as smaller activities of other radionuclides.[7Z! Windscale Pile
2, though undamaged by the fire, was considered too unsafe for

continued use. It was shut down shortly afterwards. No air-cooled
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reactors have been built since. The final removal of fuel from the
damaged reactor was scheduled to begin in 2008 and to continue for
a further four years. 93!

Inspections showed that there had not been a graphite fire, and the
damage to the graphite was localised, caused by severely overheated
uranium fuel assemblies nearby. 03]

Board of inquiry

A board of inquiry met under the chairmanship of Sir William
Penney from 17 to 25 October 1957. The "Penney Report” was
submitted to the Chairman of the United Kingdom Atomic Energy
Authority and formed the basis of the Government White Paper
submitted to Parliament in November 1957. In January 1988, it was
released by the Public Record Office. In 1989, a revised transcript

was released, following work to improve the transcription of the
original recordings.!78179]

Penney reported on 26 October 1957, 16 days after the fire was
extinguished, 82! and reached four conclusions:

e The primary cause of the accident had been the second nuclear
heating on 8 October, applied too soon and too rapidly.

 Steps taken to deal with the accident, once discovered, were
"prompt and efficient and displayed considerable devotion to
duty on the part of all concerned".

e Measures taken to deal with the consequences of the accident
were adequate and there had been "no immediate damage to
health of any of the public or of the workers at Windscale". It
was most unlikely that any harmful effects would develop. But
the report was very critical of technical and organisational
deficiencies.

e A more detailed technical assessment was needed, leading to
organisational changes, clearer responsibilities for health and
safety, and better definition of radiation dose limits.
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Those who had been directly involved in
the events were heartened by Penney's
conclusion that the steps taken had been
"prompt and efficient" and had "displayed
considerable devotion to duty". Some
considered that the determination and

courage shown by Thomas Tuohy, and the
critical role he played in the aversion of
complete disaster, had not been properly

Pile 1 being dismantled in
2018

recognised. Tuohy died on 12 March 2008, having never received any
kind of public recognition for his decisive actions.[58!

The Board of Inquiry's report concluded officially that the fire had
been caused by "an error of judgment" by the same people who then
risked their lives to contain the blaze. The grandson of Harold
Macmillan, prime minister at the time of the fire, later suggested that
the US Congress might have vetoed plans of Macmillan and US
president Dwight Eisenhower for joint nuclear weapons development
if they had known that the accident was due to reckless decisions by

the UK government and that Macmillan had covered up what really
happened. Tuohy said of the officials who told the US that his staff

had caused the fire that "they were a shower of bastards".!81]

The Windscale site was decontaminated and is still in use. Part of the
site was later renamed Sellafield after being transferred to BNFL,

and the whole site is now owned by the Nuclear Decommissioning
Authority.

Comparison with other accidents

The release of radiation by the Windscale fire was greatly exceeded
by the Chernobyl disaster in 1986, but the fire has been described as
the worst reactor accident until Three Mile Island in 1979.
Epidemiological estimates put the number of additional cancers
caused by the Three Mile Island accident at not more than one; only

Chernobyl produced immediate casualties. 82!
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Three Mile Island was a civilian reactor, and Chernobyl primarily so,
both being used for electrical power production. By contrast,
Windscale was used for purely military purposes.

The reactors at Three Mile Island, unlike those at Windscale and
Chernobyl, were in buildings designed to contain radioactive
materials released by a reactor accident.

Other military reactors have produced immediate, known casualties,

such as the 1961 incident at the SL-1 plant in Idaho which killed three

operators.

The accident at Windscale was also contemporary to the Kyshtym
disaster, a far more serious accident, which occurred on 29
September 1957 at the Mayak plant in the Soviet Union, when the
failure of the cooling system for a tank storing tens of thousands of

tons of dissolved nuclear waste resulted in a non-nuclear explosion.

The Windscale fire was retrospectively graded as level 5, an accident
with wider consequences, on the International Nuclear Event Scale.

Irish sea contamination

In 1968 a paper was published in the journal Nature, on a study of
radioisotopes found in oysters from the Irish Sea, using gamma
spectroscopy. The oysters were found to contain 4'Ce, 144Ce, 1°3Ru,

106Ry, 137Cs, 95Zr and 95Nb. In addition a zinc activation product

(65Zn) was found; this is thought to be due to the corrosion of
magnox fuel cladding in cooling ponds.[83! A number of harder-to-
detect pure alpha and beta decaying radionuclides were also present,
such as 22Sr and 23%Pu, but these do not appear in gamma

spectroscopy as they do not generate any appreciable gamma rays as
they decay.

Television documentaries
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In 1983, Yorkshire Television released a documentary focusing on
the health effects of the fire, entitled Windscale — the Nuclear
Laundry.!971 1t alleged that the clusters of leukaemia in children

around Windscale were attributable to the radioactive fallout from
the fire.[84]

In 1990, the first of three BBC documentaries on the incident was
shown. Titled Our Reactor is on Fire, the documentary featured
interviews with key plant workers, including Tom Tuohy, deputy
general manager of Windscale at the time of the incident.!85]

In 1999, the BBC produced an educational drama-documentary film
about the fire as a 30-minute episode of "Disaster" (Series 3) titled
The Atomic Inferno. It was subsequently released on DVD.[8]

In 2007, the BBC produced another documentary about the accident
titled "Windscale: Britain’s Biggest Nuclear Disaster",[78] which
investigates the history of the first British nuclear facility and its role
in the development of nuclear weapons. The documentary features

interviews with key scientists and plant operators, such as Tom
Tuohy. The documentary suggests that the fire — the first fire in any
nuclear facility — was caused by the relaxation of safety measures, as
a result of pressure from the British government to quickly produce
fissile materials for nuclear weapons.!87)

The Windscale accident is depicted also in the movie O Lucky Man!

featuring Malcolm McDowell.

The film 'The Medusa Touch' released 1978 mentions Windscale as
being a disaster caused by a psychotic John Mortar who has the
telekinetic power to cause accidents of an ever increasing nature.

Isotope cartridges

The following substances were placed inside metal cartridges and
subjected to neutron irradiation to create radioisotopes. Both the
target material and some of the product isotopes are listed below. Of
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these, the polonium-210 release made the most significant
contribution to the collective dose on the general population.!88!

Lithium-magnesium alloy: tritium
Aluminium nitride: carbon-14
Potassium chloride: chlorine-36
Cobalt: cobalt-60

Thulium: thulium-170

Thallium: thallium-204

Bismuth oxide: polonium-210

Thorium: uranium-233

See also

RAF Lakenheath nuclear near-disasters
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