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MRMCRANDUM FOR THE SECRETARY OF THE NAVY

SUBJECT: EVALUATION OF POSSIBLE HAZARDS CREATED BY LOSS OF USS THRESHER

supuRy
AnyhazardfromtheTHRESHER wouldhaveto derivefromthe radioactive

fissionproductswhichwerecreatedduringoperationand arenowheld

in thereactorfuel alloy. Physicaldamageto thereactorcouldnot by

itself lead to release of these fission products; release could result

onlyfrommelting of the reactor or veryslowlyby corrosion. The total

quantity ef redioactive fission products in the reactor is emall, since

thereactor hadbeenshut down forninemonthsprior to hersinking.

Themaximum rateofreleaseand dispersal ofthis redicactivityin the

ocean is low.

These conclusions are confirmed by measurements of seawater, ocean

‘bottom, air and debris collected near the THRESHER, all of which have

shown no radicactive contamination.
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The questionofwhathazard Af any 1s crestedbysinkingofthemolear
subnarine THESIER has been analyzed; the conclusions are sumarised
below:
a. There15 novaythemiclearmaterial inthe TIRESEER couldbemade

toundergo&molearexploston,te.thers1s no danger thatitcan
or vill explode tke a bab.

b. The radiationoutside the spisnormaly wndstestable a fev fost
@vay-—even when the reactor 1s operating at full pover.,

o+ Tha reactor is designed so that 18 will shut down autamatically tn
the event, ofanycasualty. (For example, Flooding of the electrical

eaupmmntVILL causethereactorto shut dom) It fo mowetrale
dont the reactor could stl) bo oporating. 0, ./ / rd

d. Tho hafutun control rods in the reactor corrode even more slouly.
than the siroontum. Moreover, they are several tines thicker than
the fuel pleces. Tims, the control rods could not corrodeavayand
deavoanwreontrolled reactor. I know of pe plaustble vey for the

Iuactertostart up byitselfduetocorrostonormeshantoaldamage.
©. Toms, any hazard would have to derive foun the radioactive fission

productsbutlt wp intha reactor coreduringiteoperation. The
——13 there any way these radioactive fission products
could oscapo from the EET reactor coro? If they did suoape,
could theypose apasard? Measurementshavebeenmade todetect ary
FRélosctivliyta,seamter, air, ooan botten and debris collected in
the area vhare the THESIER veutdn. No radfosctivity above the
ature] bacigroumd bas been found (see Table I). These measurements
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confirm expectations that no radicactive hazard would be created by

the THESHER'a sinking, The matter is dacussedAuer below in /
toms of worst possible assumptions and their consequences.

£. The THRESHR's mclear reactor core (designated Type SSW-2) is

designed to operate in Water. The reactor core is made upb(3) AEA

of wranton-stroontun fed alley POIAEA | vbdoh 1a highly

resistant to semvater. This fuslalloyhide the redieactive fission

products. Further, the fuel alloy is covered with a cladding madeof ji’

ir tid utemn has oven greater corrosion resistance.

Tatsstroontum cladding totallyenclopes thefuel alley. venif

the fue) b(3) AE/were to be brokenorsmashed, the fission products

Would st411remainmetallurgloallybour vithinthefulalley and |

wouldnot, disperse.

©. The reactor cere 1s located inside a beavy preswure vessel. It has

; || been oxlulated that this pressure vesselaudthe other compgnarte /

and piping of the reactor system, hich were hydrostatipally tested

binaca 10 the ship toof Anternal pressureof b(3) AEA

X bi J gollapse under the sea pressure atb(3) AEAfeet depth. It

10expeoted howeverthattherewouldbeleakageofseavaterinto

the reactorsystem aroundtheedgesofthehandholecoverson sum

of the reactor system componsuts. It is possible, of course, that

the resctor plantsystemmayhavebeendamagedorbrokeninsome vay,

utthiswouldst411notchangethe conclusionsstatedbelownerwould

1% tnoroasethe hazard. Inaryevent, -cansalty be concluleqthat

thereactorcoreis sulmersedinwater,eitherthe originalfresh

waterorsemater,| L| ie
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h. Zirconium is chentcally similar to titantun. Trl of

zircondun in seavater ia so mall that it is dAe0ioult to measure
accurately; experiments show the corrosien rate to be about 10

millionthofaninchperyear,vithnoevidence of pittingor other

local attasck, At this rate, it would take overb(3)AEA years to

corrode through the protective cladding which 1s b(3) AEA thick

and which encloses the fuel alloy. After the cladding corrodes through,

the fusl alloy itself would begin to dissolve, at a rate twenty or
thirty tines faster. An additionalb(d) fyears would than be required
to dissolve the fuel alloy and expose all of its fission products.

1. It is difficult to envision a casualty which could cause the reactor
us) to melt. The "decay heat given off by the fission products
after shutdom 1semallb(d) AEA and decreasing since

the reactor had bemushut down nine months prior to the sinking and

the ship had acowmlated onlya few hours of power operation since
her overhaulbi3) AEA Tus the
decay heat oeuld not melt the P19) Afpouds of uc) elements (melting |
point: 330°), even 47 the reactor coro remained dry for somo time. |

Vhon flocded,, the core wil not. even get vam.
3. Bren £2 & molear cusualty ofseme sort, vero postulated vitoh could

havecaused a meltdownofpartofthe Niel,thehazardposedtothe
public fron this casualty would be negligible. It has beon calculated
that Af a “mclear run-avay" of 500 meguatt-seconds were somohow to
occur (thls is four tines as big as the acotdent which destroyed the

Amy'sSL-1reactorin Idaho)thiswouldmelt enly a partof the
reactorcoreandwould probablynotcreate alargeenoughpressure
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surge to rupturethereactorsystem. Thequantityoffissionproducts

created bysuch a "nuclear run-avay'wouldbenogreaterthanthat

alreadyproducedbypreviousreactoroperation,andmostofthemvould

beshort1eved.

k. The otal leng 1vedfission productinventorynowintheTHRESHER

reactor core1sabout 30,000curles—ocmparabletothe 43,500total

curios dumpedunderUSAEC auspices into the Atlantic Radisactive
Vaste Burial Site,twenty niles inland of where the TIRESERlise.
Thisquantityof rediosctivity1ssuchthat,4f alltheTHRESHR

fuel claddingvere removedand theunprotectedfuel alloywere

corrodinganidispersing Latothe sca without impediment,the

solutionratewouldbeonly300to 500curiesperyear. Thisrate

18harmless; 1¢1scaparable toratescalculatedbytheNaticral

AcademyofSciences (Reports NAS-MRC 655&658, 1959)tobeacceptable

forcontimousduping ofradioactive wastes into shallowcoastal
watersnearUSeitiss. Fortheopensea,thoseNAS-IRCstudies

sonsiude that100,900#16per mithwould beacceptable.

1. Even1¢bids reactorcorehadmelted,therateofselutienofbioiog-

allysignificant fission productswouldbe slow. Thisisbecause

thesefissionproductswouldbeinthe formefrefractory exides |

vhich vil)dissolveBeeyslovlyin seawater and illnot float. Even

afterthefission products dissolveinthe scevater, their dispersion
vouldbqtapededbythereactorproseursvesselandbytheship's mil,
0 vhaboverextenttisepresent abarrierto convectionanddiffusion

fronthereactor intothe ocean.
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Estimate of Possible Hazards CreatedbyLoss ef USS THRESHER

sweury
Any mstFrmthsTIRRSIERVow hateSo teriyefim 16 uiiastive

fissionproducts createdduringoperationand now M5 inthereactorfusl

alloy. Physicaldamage tothereactor couldnotbyitselfleadtorelease

ofthese fission products;release couldresultenlyfran melting of the
reactoror slovly by corrosion. The totalquantityaf radioactive fission
productsinthereactoris small, since the reactorhadbeenshutdown for

ninemonths. Themaximmrate of releaseand dispersalofthisredisactivity

intheoceanisshown tobe small. Theseconclusionsareconfirmedby

measurements of seavater, oosen bottam, air and debris cold:cted near the
THRESHER, all of whichhave shownnoradieactive contamination.
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DRAFT

The question of what hazard if any is created by the sinking of the

miclear submarine THRESHER has been analysed, and the conclusions are

swmarized below:

a. There is no vay the muclear material in the THRESHER could be made

to undergo a miclear explosion, 1.6. there 1s no danger that it can

or ¥i11 explode like a basb.

b. The radiation outside the ship is normally undetectable a few feet

avay--sven when the reactor is operating at full power.

©. The reactor is designed so that it will shut down autwsatically in

the event of any casualty. (For emmple, flooding of the electrical

equipment will cause the reactor to shut dow) It is inconceivable

that the reactor could still be operating.

d. The hafnium control rods in the reactor are several times thicker

than the fusl pieces and also corrode even more slowly then the

strcontun, I know of no plausible vay for the reactor to start wp

againdueto corrosionormechanicaldamage tothe fuelorcontrol

elements.

e. Ths, any hazard vould have to derive from the radioactive fission

products butlt up in the reactor core during operation. The question

1s: 1s there any vay these radioactive fission products could escape

fromthe ship's reactor core? If they did escape, couldtheypose a

bazsd? Measurements have been made to detect any radicactivity in

seawater, air, ocean bottam and debris collected where the THRESHER

vent down no radioactivity above the naturel backgreund has been
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found (see Table I). Although these measurements confim expectations

that no radioactive hazard would be created by the THRESHER's sinking,
the matter 1s discussed further below in terms of worst possible

assumptions and their consequences.

2. The THESITR's molear reactor core (designated Type Si-2) 1s

designed to operate fully sulmerged in water. It is made up of

Ploces of urantus-zircontun fuel alley bi3) AEA hich 1s

highly resistant to seavater. This fusl alloy holds the radioactive

fission products. The fuel allay is covered with a cladding made of

another zircontun alley, developed for even greater corrosion

resistance. This zirconium cladding totally encloses the fuel alloy.

Even 4f the fusl pieces were to be broken or smashed, tho fission

products vould st411 renein metallurgloally bound vithin the fuel

alloy and vould not disperse.

g. The reactor core 1s located inside a heavy pressure vessel. (It bas

been calculated that this prossure vessel and the other comonents

and piping of the reactor system, which vere hydrostatically tested

1n the ship to an internal prossureof b(3) AEA

would not collapse under the sea pressure at P(3)AEA  geptn, It

1s expected however that thers vould be some leakage of seawater into

thereactorsystem around the edgesofthe handhole coverson sme

of the reactor system components. It is possible, of course, that

thereactorplantsystemmay havebeendamagedorbrokeninsomevay

by the accident, but this would not change the conclusions below or

increase the hazard.) In any event, it seems highly probable that

the reactor core is sumersed in water.
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h. Zirconiun is chemically sintlar to titantwn, Its gorrosion in sea-
vator 1s so mall that it is A17icult, to measure accurately; it is

estimated from experiments to be about. 10 millionths of an inch per
year, vith no evidence of pitting or other local attack. At this

rate, 1t would take b(3) AEA 40 corrode thiough the
protective cladding b(3) AEA which encloses the fusl alloy.
After the cladding had been dissolved, the fuel alloy itself would

dtssolve at a Tate twenty or thirty times faster, which would still

require nearlybi3)AFA to dissolve the fuel alloy and expose its
fission products. The hafniun control rods would dissolve even

more slovly than the sircontum.

1. It is Q4fPAcult to envisionacasualtywhich could havecaused the
Teactor fusl to melt. The "decay heat" given off by the fission

products after shutdom is mall b(3) AEA and

decreasing), since the reactor had been shut down nine months prior
%0 this test dive and had only accumilated a fev hours of paver oper

ation since her overhaul (--equivalent full power hours). Thus it

1s not expected that "decay heat" could melt the b(3) Afpounds of
atrcontun fuel eloements (melting point: 3300°F).

J. Evenif a moclearcasualtyof somosortwere postulatedwhich could
Dave caused a meltdown of sme of the fusl, the hasard posed to the

public vouldbonegligible. It hasboencalculatedthatamclear
transient of 500 megavatt-seconds (5 tines the SL-1 transient) would

b(3) AEA vould not create
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2 age enough pressure surge to rupture the reactor eysten. TheFieedon products created during much a transtent vould bo no greaterQuantity than those already produced by previews operation,k. The totallong-1ived fission product Anventory now in the THRESHRreactor core 3 about 30,000 curtes--corparable to the 13,500 curriesped under USIEC License into the Atlantic ‘adtoactive Haute BurtalSite twenty niles tnland fron where the THRESICR 14es, (Table II 1istefor camparison several other radioactive Sources.) If all the THRESH:Rfuel cladding were removed and the unprotected fuel alloy vere corrodingand dispersing into the ssa without tnpecinent, the solution rate would22300 to 500 curtes per year. This rate 1s comparable to ratescalaulated by the Nattoml Acadeny of Setonces (Reports MS-IVRC 655 &658, 1959) to be harmless for contimous Amping of radicactive vastesinto shallow coastal vaters off the US cites,
1. Even of the reactor core had melted, the ate of solution of significantFlaaton products 1s expected to be slov. mis 1 because these fissionroduots vould bo in the form of refractory exidss whan are highlyinsoluble in seawater. Evan after tho aston products dlssalve inthe seawater, thetr diaporaton vould be trpeded by the reactor pressurevessel and by the ship's hull, to whatever extent these present obar=ier to convection and diffusion fram the roaster nto the openocean.
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TAHIS 1
RADIGICTIVITY SURVEY

ALLsamplesofdebris checkedindetail forsignsofbeta-gamaandalpha activity--no indications
25Samplesafvatercollectedby USSSeavelt down toher designdepthchocked for gress beta-gamm and alpha activity--no indications
Samples ofBotta, Deep WaterandPlanktoncollectedbytheoceanographic
Beie tion io—dtetlod socaor cular Laotopes being o weekby the AEC'sKnolls Atento Power Laboratory.
AEC Aerial Gamma Survey over 500 mile square area--results negative.
Alr activity checked by ABG-DWM Weapons Monitoring Stations--noindications

US Publdo Health Service checking water, air, fish, ete. in variousLocationsalongthe EastCoast;thesewillbe contimed routinely
If ship 1a located, undervater gam levels and radicactivity of vateraround the hull vil be checked.
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TABLE TT 3
"VARIOUS RADICACTIVE SOURCES

Fission Product Inventory now in THRESHERReactor 30,000 curies

Radioactive Wastes Dumped in Atlantic Burial Site todate 13,500 curies

a
AverageFalloutduring1962f3100milesquarein

30,000curies

Northeastern US

Natural Radioactivity in Seswater (K-L0)--100 mile square, 1,000,000 curies

1 mile deep

Short-lived fission Producte in THRESHER (10 day half-life) 1,000,000curles

Radioactivity Discharged Anmilly into Columbia River from 1,000,000 curies

Hanford Reactor Operations (Mostly‘Short-1ived)

Fiselon Products from 100 Kiloton Weapon 100,000,000 curies

(1 week after detenation--mostlyshort-14ved)

* Quantitative oompariseno:thesemmberscanbemisleadingunless

‘the considerable differences in half-lives and ‘biological significance

of thevariousisctepesistakenintoaccount. The numbersaregiven

for qualitative comparison only.
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