
++++++]+++ .,.
, ,t_ ++i,;_+_;._ __ Ass°ciati°n f°_ Ioof:_::ti°n and ImageSilver SpringAV_In_l'aSdit;01911000 4_/_/,_ _,+t_t_'e_'____'__,_4_Oi,

_ "'+ ,,_,__ 301/587-8202 _t_#] "_#_0

N +%+ W__"

Centimeter =m

Iii,li,,,,!
1111 I 2 3 4 5

Inches +_

llIIl_IIIII_iiIII_

+ +
O_

++ +i_;++%+ + -_+_++.+_, MRNUFRCTURED TO RTTM STRNDRRDS ,,a %, _+'+

, 0__ BY RPPLZED IHRGE. INC. @





.j
WSRC-RP-91-955

ALTERNATIVES FOR METAL HYDRIDE STORAGE BED

HEATING AND COOLING (U)

by J. R.Knight

WestinghouseSavannahRiverCompany
SavannahRiverSite
Aiken,SouthCarolina29808

Other Authors: _

This paper was prepared in connectionwith work done under Contract No. DE-AC09-89SR18035with the U. S.
Department of Energy. By acceptance of this paper, the publisher and/or recipient acknowledges the U. S.
Government's right to retain a nonexclusive, royalty-free license in and to any copyright covering this paper,
along with the right to reproduce and to authorize others to reproduce ali or part of the copyrighted paper.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any

agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, produ¢', or process
disclosed, or represents that its use would not infringe privately . vned rights.
Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.

This report has been reproduced directly from the best available copy.

Available to DOE and DOE contractors from the Office of Scientific and
Technical Information, P. O. Box 62, Oak Ridge, TN 37831; prices available from

(615) 576-8401.

Available to the public from the National Technical Information Service, U. S.
Department of Commerce, 5285 Port Royal Rd., Springfield, VA 22161.



. " WSRC-RP-91-955

' WESTINGHOUSE SAVANNAH RIVER COMPANY
SAVANNAH RIVER LABORATORY

Keywords: ReplacementTritiumFactrdy
A==ountaU_
HydrogenIsotopes

H_drogenStoragetrogen

Retention: 20 years

October 4, 1991

TO: J.R. Knight, 773-A . ,,,_"
FROM: I.A. Fisher, 773-A _'J_"__ Team Co-Leader

F B. Ramirez, 773-A_ Team Co-Leader ,
J.E. Koonce, 233-8H Team Member
D.E. Ward, 233-8H Team Member
L.K. Heung, 773-A Team Member
M. Weimar, New South Team Member
W. Berkebile, 707-44B Team Member
S.T. French, 707-46B Team Member

ALTERNATIVESFORMETALHYDRIDESTORAGEBEDHEATINGAND
COOLING(U)

' INTRODUCTION

Tritium PMT and Systems Engineering(SE) personnelrequestedan investigation
of alternativemethodsfor heatingand coolingmetalhydddestorage beds. This

requestevolvesfrom concernsassociatedwiththe equipmentrequiredand the

operabilityandmaintainabilityofthe ReplacementTritiumFaciBty(RI"F)recirculating,

pressurized nitrogen heating and cooling system. The Replacement Tritium

PurificationFacility(RTPF) willatsousemetalhydddestoragebedsinitsoperations.
Therefore,the developmentof an improvedmethodfor he_ing andcoolingmetal ,

hydddestoragebeds,which addressesthe concernsassociatedwith the current

RTF methodof heatingandcooling,isdesirable.
t

_-;.._ ,__.____.... .,I,/,,
Authorized DerivativeClassifier Date
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" In responseto this requesta team with representativesfrom the Savannah River
Laboratory(SRL), Tritium PMT, SE, and BechtelSavannah River Incorporated

DesignEngineering(BSRI-DE) was formedto investigatealternativesfor heating
andcoolingmetal hydridestoragebeds. This reportdocumentsthe resultsof the

investigationperformedbythe team.

SUMMARY

The reaction of hydrogen isotopeswith the storage bed hydride material is

exothermicduring absorption and endothermicduring desorption. Therefore,

storagebed operationrequiresa coolingsystemto removeheat duringabsorption,
and a heatingsystem to add the heat needed fordesorption. Three storagebed

designsandtheirassociatedmethodsof heatingandcoolingandaccountabilityare

presentedwithin. The firstdesignisthe currentRTF nitrogenheatingand cooling
system. The seconddesign uses naturalcOnvectioncoolingwith ambientglove
boxnitrogenand electricalresistanceforheating. This designis referredto as the

NaturallyCooled/ ElectricallyHeated (NCEH)design. The thirddesignusc-.,sforced

convectioncoolingwith ambient glovebox nitrogenand electricalresistance for

heating. The design is referredto as the ForcedConvectionCooled/Electrically

Heated (FCCEH) design.

Inthisreportthe operation,storagebeddesign,andequipmentrequiredfor heating,

cooling,and accountabilityof each designare described. The advantages and
disadvantagesof each designare listedanddiscussed. Based onthe informationI

presented within, it is recommended that the NCEH design developed by L.K.

Heungof SRL be selected for furtherdevelopment.

REQUIREMENTS FOR RTPF METAL HYDRIDE STORAGE BEDS
.. . . (_

Metal hydridestoragebeds forthe RTPF are to be designedto mGetthe following .

requirementssuppliedby TritiumPMT:
t

• To be ableto dischargehydrogen.isotopesduringdesorptionat

pressuresup to 1900 torr.

-2-
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, To be able to receivehydrogen isotopesat pressuresdownto 100torr.
• Tobe able to storehydrogenisotopesat a safe pressureunderlossof

coolingcondi'dons.

• To be able to accountforthetritiumcontainedinthe storagebed.

• To be able to saturatean emptybedwithhydrogenisotopesin 6 hours
at operatinghydrogenisotopesupplypressures.

To be able to emptya bed saturatedwithhydrogenisotopesin6 hoursat

operatinghydrogenisotopedischargepressures.

BACKGROUND

In 1984 alternativesfor the heatingandcoolingof ali metalhydrideapplicationsin the
RTF were evaluated1. The alternativesinvestigatedat that time included:central

recirculatingnitrogenheatingandcooling,centraJDowthermJ (anorganicheattransfer
liquid)heatingandcooling,centralFreoncoolingwithlocalelectricheating,Freonbrine

coolingwith localelectricheating,andcentralFreonheatingandcooling. Central
recirculatingnitrogenheatingandcoolingforalihydddeapplicationsinthe RTF was
chosen because it possessed the least process hazards of the alternatives

investigated.

Unlike the present RTF system, the systemfor the RTPF would include a system

forheatingand coolingmetalhydridestoragebeds (i.e. La-NI-AIbasedunits)anda

separate system for heating and coolingthe other metal hyddde applications

(i.e.palladium based units) such as: the Thermal Cycling AbsorptionProcess
(TCAP), the inertgas/hydrogenisotopeseparators(Flow-throughBeds),andthe
palladiumsilverdiffuservacuumbeds.

The development of separate systems is based on the operating temperatures

requiredfor the differentunitsto performtheir functions. TCAp, the Flow-through

Beds,and the diffuservacuumbedsrequirecoolingto ti)rnp.eraturesbelowambient ,
to performtheirdesiredfunctions.Theseunitsrequirelowtemperatureoperationnot .

to increase process through put, but because of thermodynar, ic limitationsof

palladiumhydrideformation. Metalhydridestoragebeds however,do notrequire

coolingbelowambienttemperaturesto I:lertormtheirdesiredfunction,althoughlow
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temperature operationdoes decrease the time requiredfor the saturation of a
storage bed.

Becausethetime requirementforthe saturationof a RTPFstorage_ed ismuchless
stringent than RTF requirements,cooling below ambient temperatures is not
required. Therefore, the two alternatives to the currentRTF design presented

(NCEH designand FCCEH design)utilizeambientglovebox nitrogenforcooling,
To decrease the time requiredfor the saturationof a storagebed, bothof these

alternative designs use LaNi4.15AIo.85(LANA 0.85) instead of LaNi4.25AIo.75
(LANA 0.75) as the hydride forming alloy, LANA 0.85 has a lower hydrogen

isotopeabsorptionpressurethandoes LANA 0,75 thusprovidinga greaterddving

forcefor absorption.Heatingis providedby electdcheatersin boththe NCEH and
FCCEH designs. Heatingefficiencyis expectedto be better thanthe RTF design
inbothcases.

DESIGN DESCRIPTIONS

EXISTING REPLACEMENT TRITIUM FACILITY (RTF) DESIGN

Metal Hydride Bed Design

A schematicof a RTF metalhydridestorage beddesign is shownin Figure1. The

inner vessel consistsof a 3 inchdiameter schedule40 pipe. This innervessel

contains the LANA 0.75 hydride forming alloy. Process gases enter and exit

through the flanged port at the top of the bed. This port containsa 10 micron

sintered stainless steel filter to prevent the hydride matedaf from entedngthe

process.The innervesselhassixteen1/4 inchhighcopperfinsbrazedon itsouter
surfaceto promoteheat transfer,

The innervesseliscontainedwithina 4 inchdiameterscl_ed_Jie10jacket. The jacket '

has inlet and outletports whichare connectedto the hot and cold nitrogengas .

supply. The hoto1"coldpressurizednitrogengaspassesthroughthe annularregion
between the outsideof the innervesseland the insideof the jacket. The jacketis

insulatedto reduceheatlossfromthe jacketduringheatingandcooling.
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The inner vessel is directlyconnected (no valves in between) to an expansion

volume. This expansionvolume insures that a safe processgas pressure is
maintainedinsidethe innervesseland expansionvolumeinthe eventoi a lossol

coolingfromthehotandcoldnitrogensystem.

Process Description

The RTF will use recirculating,pressurizednitrogengas to heat and cool rneta_

hydridestorage beds. The pressurizednitrogenfs suppliedto the beds from a
central locationwhere the nitrogengas is compressed,heated,and cooled. The

RTF has twosuchcentralnitrogenheatingandcoolingsystemsinplace to provide
processoperabilityin case of downtime on one system. Separatepipingis used

to supplyboth hotandcoldnitrogento the storagebedsas neededfromeitherof

the two systems.

The hot andcoldnitrogengas is pipedthroughoutthe facilityto each of the glove

boxes (whichprovidesecondarycontainmentof processgases)requiringhotand

cold nitrogengas. The hot and cold nitrogengas enterseach glove boxand Is

piped to each storagebed. The nitrogengas flows throughthe annular regioh
betweenthe inner vesselandthejacketto heator coolthe storagebedas required.

After passingthrougheach jacketedstoragebed in the glovebox,the nitrogengas

is piped back out of each glove box and returned to the central system for

compressionandheatingorcooling.

Tritiumaccountabilityis performedbythe In-BedAccountabilitymethoddeveloped
at SRL2. This methodmeasuresthe temperaturedseof a controlledflow rate of

ambientnitrogengasthroughthe annularregionbetween the Innervessel and the

jacketundersteadystateconditions.The temperatureriseofthe nitrogengas isdue
to the heatproducedby the decay of tritiumto 3He. Fromthe.temperaturerise of

, thenitrogengas,thetritiumcontainedinthe storagebediscal_lated. °
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NATURALLY COOLED / ELECTRICALLY HEATED (NCEH) DESIGN

MetalHydrfdeBed Design

This designwas developed by L.K. Heungof SRL3 and is illustratedin Figure 2.

Heung'sdesignusesa 3 inchdiameterschedule10or 40 pipewhichcontainsthe

IANA 0.85 hydrideformingalloy. Processgases enterandexitthroughthe tlanged
portat thetopof the bed. Thisportcontainsa 10micronsinteredstainlesssteelfilter

to preventthe hydridematerialfromentedngthe process.

The innervesseliscontainedwithina 4 inchdiameterschedule10 jacket. The jacket

hasfinsontheoutsidesurfaceto enhanceheattransfer.A portconnectsthe jacketto
a heliumandvacuumsource. Heliumandvacuumin thejacketare requiredto aid

heat transfer andprovideinsulation,respectively. A U-Tube heater wellof about

0.5 inchin diameter,withfins onthe outside,en(ersthroughthe jacket and inner

vessel atone end. Electric heatersare installed intoeach leg of the U-Tube to
provide heatingof the inner vessel. The U-Tube occupiessome of the internal

volumeof the innervessel,therefore a longerinnervesselis neededto obtainthe

same storagecapacityas the RTF design.

ProcessDescription

The design usesambient glovebox nitrogento coolthe storagebedand electrical

resistanceheatersto heat the storagebed. Duringhydrogenisotopeabsorption,

the storage bed is cooled with the ambient glove box nitrogen by natural

convection. The jacket is pressurizedwith heliumto assistinthe removal of the
absorptionheat of reaction. During hydrogen isotopedesorptionthe jacket is

evacuatedto provideinsulation,and the heatersin the U-tubeheaterwellare turned

on to providethe heat required for the desorptionof hydrogenIsotopes. The U- ,
Tube is ft(ledwith Heor N2 to enhanceheattransfer. Thepowerto the heaterswill

be such that the .U-tube temperaturewill not exceed - 200°C, 'therebyavoiding '
problemsassociatedwithtritiumpermeationthroughstainlesssteel. The U-Tube

willbe designedto accommodatethe thermal expansionof stainlesssteel in the
i

operatingtemperaturerange.
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Heunghascalculatedthat thisdesigndoesnotrequirean expansiontankunderloss
ofcoolingconditions(see reference3). The masonisthatthe vesselis notinsulated.

Therefore, the heat from tritiumdecayis removedby naturalconvectionfromthe
vessel,andthe vesselismaintainedata safepressure.

The methodfortritiumaccountabilitywillbe the same as for the RTF design. The

jacketfsevacuatedto provideinsulation.Nitrogengas flowsthroughthe internalU-

tube at a controlled flow rate and temperature. The measured temperature
differencebetweenthe inlet and outlettemperatureof the nitrogengas allowsthe

calculationofthetritiumcontainedwithinthestoragebed,

FORCED CONVECTION COOLED / ELECTRICALLY HEATED (FCCEH)
DESIGN

Metal Hydride Bed Design

A schematicof the FCCEH metal hydridestoragebed design isshownin Figure3.
The innervesselconsistsof a 3 inchdiameterschedule40 pipe. Thisinnervessel

contains the IANA 0.85 hydride formingalloy. Process gases enter and exit

through the flanged port at the top of the bed. This port containsa 10 micron

sintered stainless steel filter to prevent the hydride material from entedng the

process. The inner vessel has fins brazed longitudinallyon its outer surfaceto

promote heat transfer. Heater wellsare welded longitudinallyto the innervessel

betweenthe finsat several locations.The heaterwellspass throughthe jacket at

oneend. Electricheatersare installedintoeach wellto provideheatingof the inner
vessel.

The inner vesselis containedwithina 5 inchdiameterschedule10 jacket. The jacket

has an inletportwhichis connectedto a blower.The okSlet,port'returnsthe nitrogen l

gasto the glovebox. The ambientnitrogengasisforcedthroughthe annularregion
betweenthe outsideof the innervesseland the insideof the jacl_etbythe blower. '

The jacket is insuiatedto reduceheat lossfrom thejacketduringheating. A 5 inch
diameterjacketis requiredto increasetheannularflowareabetweentheinnervessel
and thejacket,whichinturn decreasesthe pressuredropthroughthe annulus,and

allowsthe useof a lowpressureblowerforcooling.
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Aswiththe presentRTF design,an expansionvolumeis requiredto insurethat a

safeprocessgas pressureis maintainedinsidethe storagebed inthe caseofa loss
ofcoolingfromthe blower.

ProcessDescription

Thedesignusesambientgloveboxnitrogento coolandelectricalresistanceheaters

to heat the storagebeds. Duringhydrogenisotopeabsorption,a blower tomes

ambientglove box nitrogenthroughthe annularregionbetween the innervessel

and the jacket to cool the storage bed by forced convection. During hydrogen

isotopedesorptionthe heatersinthe heaterwellsare turnedonto providethe heat
requiredfor the desorptionof hydrogenisotopes.The wellswillbe exposedto the
ambient glove boxnitrogento improveheattransferbetweenthe heatersand the

wells, The jacketisinsulatedtoreduceheatloSsfromthejacketduringheating.

Tritium accountability is performedby the same In-Bed Accountabilitymethod
developed for the RTF. The temperatureriseof a controlledflow rate of ambient

nitrogengas throughthe annular regionbetweenthe innervessel and thejacket

under steady state conditionsis measured. From the temperature rise of the

nitrogengas,thetritiumcontainedinthestoragebediscalojlated.

. ESTIMATED PERFORMANCE

The main objectivesof any designis to providemethodsfor heating,cooling,and

tritiumaccountability. The estimatedefficiencyof each designto achieve these

objectivesisdiscussedbelow.

o, " " t

For the existingRTF design,the heat requiredfordesorptionis providedbythe hot

nitrogengas. The existing design will'be able to meet the bed desorptiontime

requiredfor RTPF storagebeds.
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Both the NCEH _nd the FCCEH designs use _loctric heating. Heung has

estimated that the NCEH design should have desorption times better than the RTF
design and will meet the RTPFstorage bed requirements. In the FCCEH design,
the number and placement of the heater wells containingelectricheaters is flexible.

Therefore, the wells and heaters can be designed to achieve the heating rate

desired without causing hot spots in the hydride material. Uponoptimizationof the
heater well location and number, the desorption times are estimated to be beller

than the existing RTF design and will meet the requirement for the RTPF storage
beds.

The absorptionratescalculatedfor the three designsare shownin Figure4. The

times required for the saturationof an empty bed for each designare shownin

Figure5.

Figure 5 shows that the RTF design has the fastest bed saturationtimes. The

FCCEH bed saturationtimes are abouttwice as longas the RTF design,andthe

NCEH designbed saturationtimesare 4-6 timesas longasthe RTF design. Figure

5 showsthat ali threedesignsmeetthe absorptiontimesrequiredfor RTPFstorage
beds.

lh-BedAccountability .

- Existing Design

In-Bed Accountabilitywill be accomplishedby flowingambientnitrogengas through

the annular region between the inner vessel and the..Jaoketat steady state and ,

measuring the temperature rise. The existingmethod for In-Bed Accountability
provides the bas,eline to which the other two designs can be 'compared. This "

method is new to tritium processing at SRS, and provides,the most accurate

methodcurrentlyavailablefor theaccountabilityof tritiumin hydridebeds.

--
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NCEH Design

In-BedAccountabilitywillbe accomplishedby flowingnitrogengasthroughthe U-
Tube heater weil, which is inside the inner hyddde vessel, and measuringthe

temperature rise. Duringaccountabilitythe jacket will be evacuated to provide
insulation. Inthisdesign,moreof the tritiumdecay heat willbe transferredto the

nitrogengas for accountabilitypurposesas comparedto the currentRTF design.

Less heat will be lostthroughthe Insulatedjacket, and less heat will be lost to

conductionthroughstainlesssteel materials. This desir=nis estimatedto provide

moreaccuratetritiumaccountabilitythanthe RTF design,a_ wellas requirelesstime
to _,_-'hievesteadystatecondrtionsrequiredto performtritiumaccountability.

FCCEH Design

In-Bed Accountabilitywill be accomplished.byflowing nitrogengas throughthe
annular region between the inner vessel and the jacket and measuringthe

temperaturerise. Sincethisdesignutilizesa 5 inchjacket(insteadof the4 inchjacket

used in the RTF design), moreof the tritiumdecay heat will be lost throughthe

insulated jacket because of the increased heat transfer area. Therefore, the

accountabilityof tritiumis estimatedto be sUghttylessaccuratethenthe RTF design.

• The timerequiredtoachievesteadystatecondrtionsrequiredfortritiumaccountability
is estimatedto be slightlylonger.

DISCUSSION OF THE ALTERNATIVES

Ali three designspresentedinthisdocumentcanmeet the requirementslistedearlier

forRTPF storagebeds. However,eachdesignhasadvantagesanddisadvantages

associated with its implementation. These advantages and disadvantagesare
t

described below. • • " '

t
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ExiEtingDesign

Advantages

The existingdesignhasthe fastestabsorptionrates. Theexisting(:leslgnalsohasa
methodof In-Bed Accountabilitydevelopedspecificallyfor the design geometry.

There (salsoa significantamountof operatingexpedenoewiththistypeo! heating
andcoolingsystemand beddesigninthe AdvancedHydddeLaboratory(AHL)at
SRL.

_,

Disadvantages

DisadvantagesassociatedwiththeexistingRTF systemare:

• The needfor a centralizednitrogencooling,heating,and

circ_.,ationsystem.

• Maintenanceof thecentralizednitrogencooling,heating,and

circulationequipment.

• The extensivepipingrequiredto deliverthe nitrogento the gloveboxes.
The potentialfor the contamir_tionof the hotandcoldnitrogenwhichis

recirculatedoutsideof the gloveboxes.
• The needfordifficultto instai;andmaintaininsulationonea_ storagevessel.

(Theinsulationmustbemaintainedto provideaccuratetritiumaacountabiltty.)

• The need fora largeexpansionvolumeon eachbedwhtchoccupies

valuable gloveboxspace.

NCEH De.dan

Advantages

The advantagesof the NCEH designinclude"

• The eliminationof theneedforan externalcentralizednitrogencooling,

heating,andcirculationsystem.

-11-
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• The hydridestoragevesselisinherentlysafeunderlossofcoolingconditions
thereforedoes notrequireane_n tank.

• Gloveboxspacerequiredwillbe decreasedbecauseof the absenceof
an expansiontank•

• PotentiallyimprovedIn.BedAccounta_lityof tritium.

Disadvantages

The disadvantagesof the NCEH designInclude:

• SlowerabsorptionratesthantheexistingRTF design.
• A source ofvacuumandpressurizedheliumis required.

- A longerinnervesselwillbe required,clueto thevolumeoccupiedbythe
U-tubepresentinthe innervessel.

f

FCCEH Desigrl

Advantages

Theadvantagesinclude:

• The eliminationofthe needforan extemaJcentralizednitrogenrefrigeration,

heating,anddrculationsystem.

• The absorptionrateis fasterthanthe NCEH design_e forced
convectioncoolingisprovided.

Disadvantages

The disadvantagesinclude:
• t

r

• Slowerabsorptionratesthan theexistingRTF design.
• Theneedfordifficultto installandmaintaininsulationoneachstoragevessel.i

(Theinsulationmustbe maintainedto provideaccuratetritiumao:ountability.)

-12-
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• Theneedfor a largeexpansionvolumeoneachbedwhic_occupies
valuable glove box space.

• A bloweris required,whichrequiresadditionalgloveboxspaceand
increasedmaintenance.

CONCLUSIONS AND RECOMMENDATIONS

Since the absorptiontimes requiredfor the RTPF storage beds are much less

stringentthan the RTF requirements,ambientgloveboxcooling,as proposedfor
the NCEH and FCCEH designs, can be used while still meeting the RTPF

absorptiontime requirement. Because the use of ambient glove box nitrogen
coolingeliminatesthe needfor coolingequipmentexternalto the gloveboxes,the

major disadvantages of the existing RTF design listed above are avoided.
Therefore,the currentRTF methodof heatingandcoolingstoragebedsshouldnot

be consideredasa methodforheatingandcoolingRTPF storagebeds.

The NCEH design meets ali the requirementsdefined for RTPF storagebeds,
occupieslessglove boxspace, does notrequireinsulation,an expansiontankor

blower,and providesa potentiallymoreaccuratemethodof tdtiumaccountability.
Therefore, the NCEH design is preferred over the FCCEH design for further

developmentand potential implementationfor heatingand coolingRTPF storage
beds.

lt is therefore recommendedthat the NCEH design be developedto providea

methodfor heating, cooling,and tritiumaccountabilityof RTPF storagebeds. In
order to insure that the conceptual design is successfully developed and

implemented,it is recommendedthata fullsizeexperimentalbedbe fabricatedand

its performancebe tested with protiumand simulatedtritiumdecay heat at SRL.

SRL currentlyhas a facilityin piaceto performthese tests.. The evaluationof the

experimentalbedshouldaddressthe following:
o •

w

* Hydrogenisotopeabsorptionratesa_sfunctionsof the hydrogensupply

pressureandthe heliumpressureinthejacket.

o Hydrogenisotopedesorpti,_nrate,_as a functionofelectricheaterpower.

- Accountabilitymeasurementswithhydrogenandsimulatedtritiumdecayheat.
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