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TMI-2 DECAYPOWER:
LASL FISSION-PRODUCTAND ACTINIDEDECAYPOWER
CALCULATIONSFOR THE PRESIDENT’SCOMMISSION

ON THE ACCIDENTAT THREEMILE ISLAND

by

T. R. Englandand W. B. Wilson

ABSTRACT

Fission–productand actinidedecayheating,gas content,
curies,and detailedcontributionsof the most importantnu-
clidecontributorswere suppliedin a seriesof lettersfol-
lowingrequestsfrom the PresidentialCommissionon the
Accidentat ThreeMile Island. In addition,similardata as-
sumingdifferentirradiation(power)historieswere requested
for purposesof comparison.This reportconsolidatesthe tab-
ular and graphicaldata suppliedand explainsits basis.

I. INTRODUCTION -

Requestsfor estimateddataon decayheatingand radioactivityat the

ThreeMile Island,Unit 2, (TMT-2)reactorfollowingthe incidenton March

28, 1979were receivedfrom the PresidentialCommissionon the TMI Accident.

Such data can now be very accuratelycalculatedonce the detailedpower

historyand otherparametersspecificto the reactorare known. The re-

questeddatawere suppliedin a seriesof letters,includingcomparison

data for otherpowerhistoriesand reactortypes.

This reportconsolidatesthe tabularand graphicaldata suppliedto

the Commissionand describesthe methods,codes,and librariesused.

II. CONTENTOF REPORT

The generalcontentIncludesresultsfor specificrequestson aggregate

decayheatingand curiesof the followingnuclidegroups.



●All

●A1l

●AI.1

●A1l

●AU

fissionproducts.

actinides.

fissionproductsplus actinides.

noblegases (allisotopesof Kr and Xe).

halogens(allIsotopesof Br and I).

.A specificset of nuclidesconsistingof

Te, Ru, Cs, Ba, and Sr elements.

In additionto theseaggregategroups,the

etc.,of the more importantindividualnuclides

all isotopesof the Br, I,

heating,content,curies,

are listedin this report.

In all casesthe beta,alphaand gammacomponentsof the decayheating

are also given.

All data are suppliedat 23 or more coolingtimesbetween1 s and

50 000 h (-5.7y). Some surveydata extendto 10
13

S (.3.2 X 105y),and

the data for individualnuclidesat the instantof reactorshutdownare also

given.

For comparisonpurposes,similardata are listedfor: a) an equilib-

rium fuel exposureat the fullratedcorepower [2772MW(t)]; b) detailed

nuclidedata subsequentto a long (26000 h), constantpowerperiod,c) ag-

gregatedata for a seriesof irradiationtimesand coolingintervalsbe-
13

tween1 and 10 s, and d) comparisonsof threegenericlightwaterreactors.

AZZ of the Pesui?tsspe&fictoTMI-2are basedona detailedpower

h&3toqjde8c&bed%nSec.VI.

The main body of

methods,and the data

tabularand graphical

thisreportdescribesthe TMI-2powerhistory,codes,

base used in generatingall finalresultsand includes

valuesfor the variousaggregateresults. Appendices

includethe detailednuclidevaluesof the largestcontributors,noblegases,

halogens,surveycalculationsfor threegenericreactortypes,and other

relateddata. In particular:

AppendixA containsinformationon the new (1978)ANS 5.1 DecayPower
Standard. The standardwas usedwherepertinent,as explainedin a
latersection. AppendixA is thereforeincludedfor completenessand
for the convenienceof the reader.

AppendixB containslistingsof individualcontributorsat each cooling
time to the beta,gamma,beta+ gamma (i.e.,totalfission-product)
heatingand curiesfor all fissionproductsthat contribute>0.5%to
the totalof any one of thesefourquantities.Densitiesare also
listed. Valuesfor TMI-2,and also for the same reactorassumingit
had operatedat a constantpower for 26 000 hourspriorto shutdown,
are listedat the instantof shutdownand at 23 coolingintervals.

2



AppendixC containslistingsof each significantnoble gas and halogen
for the same casesand coolingtimesin AppendixBo Exceptfor general
datapreceding and followingeach time step table,valuesare listed
as fractionsof ~ fission-productvalues(notfractionalgas values).
The individualradioactivegasesare listed~t contribute>0.01%of
the beta,gamma,or beta + gammacontributionto the totalgas values,
but all valueslistedfor aggregategas summationsincludeall gases.
Here, the isotopesof Br and I are halogensandKr and Xe are noble
gases (>90isotopes).Summarytablesand graphsare included.

AppendixD containsaggregateactinideand fission-productdecayheating
for 11 constantirradiation(power)timesand for coolingtimesbe-

13
tween1 s and 10 5 (-3.2X 105y). These data applyto a TMI-2 type
of reactoroperatedfor the assumedirradiationperiods. Heatingvalues
are givenas fractionsof totalcorepowerpriorto shutdown. Detailed
considerationsof the temporalparametersof actinideand fission-moduct
decaypowerare also discussed.

.

AppendixE includesgraphicalcomparisonsfroma recentstudyof three
generictypesof lightwater reactors(IJJRfs),including both actinide
and fission-productdata for differentirradiationperiodsfor the most
commonreactortypewhich is similarto TNI-2.

III. DECAYSPECTRA

With the assistanceof R. J. LaBauveof LASL, twelve-groupbeta and

gammaspectrafrom total,volatileand non-volatilefissionproductsfor

use in NRC calculationsof water radiolysiswere calculated.Theseresults

were suppliedto NRC, EPRI,and laterto the PresidentialCommission.

All calculationswere basedon an assumed88 day constantpoweroper-

ationprior to shutdown,a simplehistoryusedbeforea more detailedknow-

ledgeof the actualtimedependencewas known,but one thatis sufficient

for use in calculationsof

in a latersectionof this

not specificallyrequested

report.

spectra. (An accuratepowerhistoryis described

report.) These resultsare availablelbut were

by the Commissionand are not includedin this

IV. COMMENTON UNCERTAINTIESAND HEAT SOURCES

The aggregate(total)fission-productheatinglistedin the main body

of thisreporthas a 10 uncertaintyof only 2 to 5%, dependingon the cool-

ing time. For coolingtimes<20 hours thisuncertaintyis well supported

by recentbenchmarkexperimentsand summationcalculations.In fact, this

uncertaintyis

importantto a

probablyconservativefor the coolingrangeof 1-105s,

loss-of-coolantaccident(LOCA). For longercoolingt!Lmes

3



the smalluncertaintystillapplies,but the heatingrate is affectedby

neutronabsorptionin the fissionproductspriorto shutdown;however,we

believewe have accuratelyaccountedfor thiseffectspecificto TMI-2.

Thereis no estimateduncertaintyfor actinideheating. Thisis be-

lievedto be very smallat shortcoolingtimes,and is extremelyunlikely

to significantlyaffectthe uncertaintyin total (fission-product+ actinide)

heatingfor the coolingintervalsspecificto TMI-2listedin thisreport.

The TMT-2powerlevelprior to the incidentwould alterthe initialtotal

fission-productheatingin directproportionto the ratioof the actualfrac-

tionof ratedpowerto the value (0.9739)used in thisreportfor the final

20 days of operation.We have not includeda powerleveluncertainty;as

notedin a latersectionthereis no reasonto suspectthe power levelis

significantlydifferentfrom the valueused in thisreport. (In thisre-

spect,the readershouldnote that the equilibriumcaseincludedfor com-

parisonwas basedon the fullratedTMI-2power;the fission-productheating

fromTMI-2wouldbe increasedby -2.7%had the reactorbeen operatingat full

power for a fewhoursprior to the incident.)

Uncertaintiesin individualnuclidesdependon the qualityof their

specificdata. This canbe largefor very short-livednuclidesbut should

be smallfor long-livednuclides.

fie heatingdata ;n th{ezwportasswnesaZlnuclidesaxeretained%n

thefwZ andZ{stedvaluesofdecayenergyrates<niWappZy to thetotaZ

cme. Wherethere+s a breachin claddingtheesoapeof volatiZeproduets

IMZZgreatZydecreasetheheatingrates. For example,between1 s and 20

hours the noblegasesand halogenstogetheraccountfor 22 to 28% of the

totalfission-productheating. Most of theseproductspresumablyescape

in the absenceof cladding. In additionothervolatileproductsand the

subsequentprogenyof all gasesand volatilenuclidesescape.

AZZdata%n thisreportappZytoproduotsy<eZ&d<n fissionor toact-

+nides<n4t4aZZypresent%n thefueZor genezwtedbyneutronabsorptionin

tiej%eZ. Thereare othersourcesof heat. For example,duringthe first

few coolingseconds,delayedneutronswill continueto causefissionand

thiswill increasethe initialheat rate. After - 20 secondsthe fission

productsshoulddominatethe heating,but we have not actuallyestimatedthe

specificheatingfromdelayedneutronfissionfor TMI-2. The Zr-H20re-

actionis exothermic,and coolantpumpingalso suppliesheat. Thereare

4



minorheat sourcesfromstructuralmaterialand impurities.Exceptfor the

Zr-H20reaction,which can occurin specificregionsof the core,and the

initialheatingdue to delayedneutrons,the heatingratesin this report

are the majorheat sourcesduringthe firstfew hoursof coolingand are

the only significantheat sourcesonce the coolantpumps are shutdown.

It is probablethatdecayheatingcan now be calculatedas accurately

as any reactorparameter,and more accuratelythanmost parameters. This

reportbenefitsfromintensiveand extensiveeffortsbegun in 1973 to

improveand expandnuclidedatain the EvaluatedNuclearData FilesENDF/B-

IV, supportedby theU. S. Departmentof Energy (DOE),and frombench~rk

decayheat experimentsat LASL,ORNL,IRT and UC(B),fundedby the Nuclear

RegulatoryCommission(NRC)and the ElectricPowerResearchInstitute(EPRI).

A concomitanteffortto combineall data into a new ANS decaypowerstandard

was also initiatedin 1975 and the resultis alsoused in this report. Many

people,includingthe authors,participatedin theseefforts. The specific

use of thesedata are definedin more detailin thenext section.

v. CALCULATIONALBASES

A. CINDERand AuxiliaryCodesand Libraries

The CINDER-10(animprovedversionof CINDER-72)

productand actinidebuildupand depletioncodeswere

and EPRI-CINDER3

used to generate

fission-

most

of the decayheatingvaluesand all relatedindividualnuclidedecaydata

in thisreport. Thesetwo codesare similarin basic typesof outputbut

differin theirrangeof applicability,in part,due to theirnuclidedata

libraries. For completenessthe essentialdifferencesare notedhere,but

the remainderof the textwill simplyreferto the CINDERCode exceptwhere

a distinctionis necessary.

CINDER-10: This is the latestversionof CINDERand it utilizesa
completelibraryof fissionproducts-825nuclides. This versionis
used for all calculationsof Individualfission-productcontributions,
noble gases,halogens,etc.,and the resultsare applicableat all cool-
ing times,includingvaluesat the instantof reactorshutdown. It
couldhave been used for all fissionproductcalculationsin thisre-
port but its massivelibraryis unnecessaryat long coolingtimes. In
addition,the extensivelibraryof actinidedatahas not been put into
a formatsuitablefor CINDER-10.

EPRI-CINDER:This versioncontainsa 47-nuclideactinidelibraryand
fissionproduct?suitablefor long coolingtimesand absorptioncal-
culations. Those fissionproductshavinghalf-lives>4 hours and

5



thoseshorterlivednuclidesin transientequilibriumwith longlived
parentsare included. The libraryis suitablefor fission-productdecay
heat calculationsfor coolingtimes> 20 hours. In addition,exposure-
dependent,self-shieldedcrosssectionsare used in thisversion- impor-
tantfor long-livedreactors. CINDER-10and EPRI-CINDERfission-product
decayheatingagreewithin-1% for decaytimes> 20 hours. This version
was used for all actinidecalculations,and for someof the aggregatefis-
sion-productdecayheatingfor coolingtimes> 20 hours. The information
on @ and y heatingat shortertimes,all dataon individualfissionpro-
ductsat all timesand otheraggregategroupingswere calculatedusing
CT.NDER-10.

Librariesfor both codesare derivedfromprocessedENDF/B-IV
4-6

data

for the fissionproducts,* and frompreliminaryENDF/B-Vfor the actinides

except,as notedbelow,for actinidedata derivedfromEPRI-CELL.7

Actinidedata for -3 nuclides(notincludedin ENDF/B-V)were obtainedfrom

othersources. The crosssectionsused are in fourneutronenergygroups.

TOAFEWCODE8:154 multigroupcrosssections,obtainedusingtheNJOY9
processingcode,are includedin the TOAJ?EWlibrary. This codecol-
lapsesthemultigroupcrosssectionsto the fourgroupvaluesused in
CINDERusinga typicalLWR spectrum. All fission-productcrosssections
and crosssectionsof thoseactinidesnot obtainedfromEPRI-CELLwere
obtainedusingTOAFEW.

EPRI-CELLCode7: This proprietarycodewas used to obtaintime-dependent
234U 235U 236U 238U 239PU

self-shieldedcrosssectionsfor 9 9 9 9 , ‘lPu,

and 241Am. It was alsoused to obtainratiosof the firstthreeenergy
groupfluxesto the thermalflux. The valueswere basedon existing
EPRI-CELLcalculationsfor a PWR fuelthatis neutronicallyvery similar
to thatof TMI-2.

The validityof summationcode calculationsusing

extensivelydiscussedin Refs.10 and 11; both reports

referencesto recentresearchon decayheat.

Additionalrequiredinputto CINDERis the TMI-2

initialfuel content. The powerhistoryIs discussed

contentof fuelis basedon the specificationsin the

ENDF/B-IVdata is

containextensive

powerhistoryand

in Sec.VI. The initial

TMI-2FSAR (FinalSafety

*
Only the branchingratioof

133 133m
T to Xe deviatesfrom the summary

data in Ref. 5 - fromENDF/B-IV. A more recentevaluationof thisimport-
ant parameterindicatesit shouldbe -3% and thischangehas been reported

133
to providegood agreementwith measured Xe contentin the TMT-2
coolantwater.

6



AnalysisReport).

B. ANS 5.1 DecayPowerStandard12

An extensiveeffortto producea newdecayheat standardfor light

water reactorswas initiatedin 1975 and essentiallycompletedin its tech-

nical content1978. At this time (August1979)the standardhas not yet

beenwidelydistributed;for completenessthe primarydata is includedin Appen-

dix A.

The new standardis basedon a jointLASL andHEDL analysisthat combines

severalrecentbenchmarkexperimentsand calculations,as describedin

Refs.10 and 11. Reference13 alsodescribesthe new standardand its past

history. In generalfor times<105 s the standardis a combinationof
235

calculationsusingtheENDF/Bdata in Ref. 4 and experimentsfor U and

239PU. The resultsof all of the experimentsare of high quality,obtained

since1975 atLASL, ORNL,TRT,UC(B) and in France (F-A-R). For longer
238

times,and at all timesfor U, the standardresultsentirelyfromCINDER-10

code calculationsusingENDF/B-IVdata. The analysiscombinesall data into

an equivalentpulsefunctionwhichwas chosento be a linearsum of exponen-

tial,

23

z

-Ait
f(t)= ai e MeV/Fiss-s .

i.sl

(1)

This can be foldedintoany powerhistorythat can be, e.g.,representedas

a seriesof histograms. For example,for a singlefuelat a constantfis-

sion rate for a timeT seconds,the energyreleaserateat coolingtime t

seconds,normalizedto the fissionrate is

23

F(t,T)=
z

-At
~ei

-~iT
(l-e ) MeV/Fiss ●

f=l ~i
(2)

Similarexpressionscan be used for determiningthe uncertainties.

In an operatingreactorthereis a mixtureof fuelsthatvarywith

time and generallya variablepowerhistory. For this,Eq. 1 is, essentially,

7



multipliedby the fissionrate for each fueland integratedto producethe

heatingin the unitsof MeV/s;the latterunitsare readilyconvertedto,

e.g.,MW. The a, A coefficientsfor each fuelare listedin AppendixA.

Pulse functionsdo not accountfor neutronabsorption.This is a

functionof each specificreactordesignand its powerhistory. For cool-

ing times<104 s the absorptioneffectis small- typically,the heatingin-

creaseis .1%, and is at most upwardsof-6% (forlong irradiationtimesat

c104 s of cooling). For longercoolingtimesthe effectcan be very large.

The new standardincorporatesan empiricalexpressionfor absorptionbased

on burnupfor timest <104 s and an upperboundvaluebasedon CINDER-10

calculationsfor longertimes(theupperbound can alsobe used as an option

at all times). The upperboundvalue is derivedfromtwo CTNDER-10calcu-

lationswith andwithoutabsorptionfor an unrealisticallylong irradiation

time and high fluxlevel.

It ie %mportanttonote.thatcalcuZat40nsforTMI-2andothercom-

parisoncase6in thisreportdo usetieupper boundabsorptioncorrec-

tion,exceptwhere%nd%cated%ntietabZes,andthenonZyfortimes~20hours.

l%eabsorptioneffect%s impzidtin theCINDER-ZOoutputat aZlcooling

iihes;somecaZcu2ationsusingthestarwikrddousetheupperboundcomec-

tion%n somecases,as spec%j%caZZynoted%ntheta3Zes,andonZyforCOOL

%ngtimes~20houxswherethecorrectionis smaZ1.

For aggtiegateffssion-productheatingat timest <20 hours,thenew

standardshouldbe superiorto calculationsusingCINDERor any othersum-

mationcode. We have thereforeused the standardfor the aggregateheating
14 in

duringthisintervalwherepossible. For this,a code,DKPOWR, -

corporatingthe pulsefunctionsis used. Fissionratesvs time fromeach

fuel,as calculatedby CINDER,are necessaryinputfor theDKPOWRcode.

For accuracyat longercoolingtimes,and for all coolingtimesrequiring

individualnuclidecontributions,a, 6, and y heatingcomponentsand special

setsof nuclidessuchas noblegasesor actinides,it is necessaryto use the

resultsof CINDERcalculations.Most of the resultsin thisreportare there-

forecalculatedusingCINDERand the datalibrariesdescribedpreviously,but

thenew standardis usedwherepossibleand whereit would improvethe accuracy

of grossfission-productheating.

8



C. TMI-2ReferenceParameters

The followingmiscellaneousparameterswere obtainedor derivedfrom

the FSARof TMI-2. Theseare includedfor completeness;only the derived

initialfuelatomsfromthesedataand ratedthermalpowerare importantto

thisreport.

tions

which

RATEDPOWER (MWt)=2772.
AVERAGEENRICHMENT(Wt% of 235U)= 2.57.

FUELWEIGHTOF U02 (lbs)= 204,820.

TOTALMASS OF U (Kg)= 82057.2.

FULLPOWERDENSITY(KW/Kg)= 33.8.

SPECIFICRATEDPOWER (W/cm3)= 280.75.

GROSSPOWERRATING(MWe)= 961.

NET DESIGNRATING(MWe)= 906.

The neutronspectrumused in collapsingthe 154multigroupcrosssec-

to fourgroupsfor the fissionproductsis describedin Refs.3 and 8,

also liststhe crosssections. Crosssectionsof the actinidesare

not listed. The dominateactinideshave exposure-dependentcrosssections

as describedpreviously;the remainderwere derivedusingthe same spectrum

as for the fissionproducts.

Anotherparameterrequiredby CINDERis the averagerecoverableenergy

per fission. This valuevarieswith fissioningnuclidesfrom202.64MeV

(235U)to 213.44MeV (241’Pu)for thermalreactorspectra. Valuesfor several

fissionablenuclidesat thermal,fastand 14 MeV fissionenergiesare listed

in TableD-XIIof AppendixD. For TMI-2,the averagevalueused in CINDER

WSS 3.261181 X 10’11 joules,or 203.56 MeV. Thisparameter,alongwith

actinidedensities,specifiedTMI-2powerlevelsand the fluxratiosderived

fromEPRI-CELLcalculationsdeterminethe four-groupneutronfluxlevelsand

hence the fueldepletionand fissionratesin the core. (Forreferencethe

averageratioof the resonanceregiongroupflux to the thermalvaluesis

-1.48. This appliesover the rangeof 0.625- 5530eV. The higherenergy

fluxesare not as significantas the thermaland resonanceregionvalues.)

VI. TMI-2POWERHISTORY

The monthlyMetropolitanEdisonreportsto the NuclearRegulatoryCom-

mission(NRC)were used to obtainan accurateapproximationto the detailed

TMI-2powerhistory. For use in calculatingdecayheatingan important

9



aspect of this history is the nearlyconstantpowerduringthe final20 days

priorto the incidenton March 28, 1979;the grosselectricaloutputshows

a dailyvariationof no more than-1.3%duringthisperiod. The thermal

energyproducedis -20.4%of the total. In addition,most (-52.5%)of the

totalthermalenergy[-6400231MWh(t)]was producedbetweenFebruary1 and

March 28with only a briefshutdownperiodon March 6. The earlierpower

historyis highlyvariable. Preciselevelscannotbe determinedfromthe

limiteddetailof themonthlyreports,but precisionin the earliertime

variation of the historyis not neededfor accuratecalculations;rather,

it is importantto reproducethe totalthermalenergy,particularlyfor

actinidebuildupcalculations.While only the net electricalpoweris

reporteddaily,the neededthermalenergyis reportedby month. For this

reportwe have used the dailyelectricalpowerto proportionand preserve

the accumulatedmonthlyvalue.

The resultingpowerhistoryis describedin TableI and Fig. 1. It

is unlikelythatany two peoplewould inferpreciselythe samehistozyfrom

the monthlyreports. For calculationsin thisreport,and probablyfor any

otherstudy,thishistoryis certainlyadequate. Basedon the ratedthermal

powerof 2772MW, the effectivefullpowerdaysof operationfor this

historyiS 96.2. (SomeearlierLASL studiesused 88 days,and the authors

have seen some correspondenceusing -52 and -94 days.)

The fissionratesby fuel typecalculatedwith the CINDERcodefor this

powerhistoryare listedin TableII; theseare requiredfor aggregatefis-

sion-productheatingcalculationswith the DKPOWRCode,usingtheANS 5.1

pulse functions,as previouslydescribed.

The readershouldnote thatduringthe final20 days of operation,
239PUaccouts for . 10% of the corepower (fissionrate)and - 6.6%over

the shortlife of TMI-2. For longerlifetimesthe 239Pu fractionalcon-
241PU

tributionto corepowercontinuesto increase,as does that from .

The importanceof thisobservationis apparentfromFig.A-3 in AppendixA:
239

the heatingfrom Pu fissionproducts is significantlysmallerthan that
----

from‘5’U at shortcoolingtimesimportantto LOCA.

aside,the earlydecayheat rateswould decreasefor

Thiswill be apparentin the surveycalculationsfor

notedin Sec.VII and AppendixD of thisreport.

10

Therefore,otherfactors

longerlivedreactors.

differentirradiationtimes



TA8LE I

Period

1
2
3
4
5

6
7
8
9

10

11
12
13
14
15

16
17
18
19
20

21
22

CINDERHISTOGRAMCOREPOWERHISTORY
THREEMILE ISLAND,UNIT 2

Start
Time/date

0300/4-21-78
1700/4-23-78
2030/9-17-78
0000/10-1-78
1400/10-5-78

0000/10-13-78
0500/10-28-78
1400/11-1-78
0000/11-4-78
0230/11-5-78

0530/11-7-78
1800/12-3-78
0200/12-16-78
0700/12-22-78
0000/1-1-79

0800/1-14-79
1440/1-31-79
0000/2-1-79
0000/3-1-79
1545/3-6-79

0815/3-7-79
0000/3-8-79

End
Time/date

1700/4-23-78
2030/9-17-78
2400/9-30-78
1400/10-5-78
2400/10-12-78

0500/10-28-78
1400/11-1-78
2400/11-3-78
0230/11-5-78
0530/11-7-78

1800/12-3-78
0200/12-16-78
0700/12-22-78
2400/12-31-78
0800/1-14-79

1440/1-31-79
2400/1-31-79
2400/2-28-79
1545/3-6-79
0815/3-7-79

2400/3-7-79
0400/3-28-79

At
(h)

62.0
3531.5
315.5
110.0
178.0

365.0
105.0
58.0
26.5
51.0

636.5
296.0
149.0
233.0
320.0

414.67
9.33

672.0
135.75
16.5

15.75
484.0

Elapsed
Time (h)

62.0
3593.5
3909.0
4019.0
4197.0

4562.0
4667.0
4725.0
4751.5
4802.5

5439.0
5735.0
5884.0
6117.0
6437.0

6851.67
6861.0
7533.0
7668.75
7685.25

7701.0
8185.0

Ave. Power
Mw(th)

611.6
0.0

524.52
1109.0

0.0

1488.94
0.0

2397.8
0.0

2034.1

0.0
2104.09

0.0
2467.3
2281.8

3::$!
2462.14
2743.5

0.0

1697.6
2699.704

—



I

I
I

I,
I

I

1
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TIMESTEP

1
2

:
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

TIMEINTERVAL
HOURS

62.0
3531.5
315.5
110.0
178.0
365.0
105.0
58.0
26.5
51.0
636.5
296.0
149.0
233.0
320.0
414.67
9.33

672.0
135.75
165.0
15.75
484.0

TA8LEII

TMI-2FISSIONRATES
(AVERAGEVALUESPERTIMEINTERtoiL)a

235U

1.77+19b
o

1.51+19
3.18+19

o
4.24+19

o
6.76+19

o
5.72+19

o
5.86+19

o
6.77+19
6.19+19

o
8.94+17
6.47+19
7.07+lQ

o
4.35+19
6.83+19

%.sluesapply to thetotalccme.

bRead1.77+19as 1.77x 1019.

NOTE: Accumulatedfissionsare

235U - 6.1714+ 26
238U - 4.1879+25

239Pu= 4.6787+ 25

24% = 2.8248+ 23

SUM- 7.06087+26

238U

1.14+18
o

9.65-+17
1.98+18

o
2.66+18

o
4.27+18

o
3.67+18

o
3.78+18

o
4.43+18
4.10+18

o
5.97+16
4.52+18
5.05+18

o
3.12+18
4.96+18

FISSION/s
239PU

2.77+15
o

4.14+6
1.77+17

o
6.02+17

o
1.55+18

o
1.45+18

o
2.06+18

o
3.38+18
3.97+18

o
7.04+16
6.15+18
8.29+18

o
5.36+18
9.43+18

24%

7.81+8
o

4.16+11
4.59t12

o
1.06+14

o
4.M+14

o
5.04+14

o
1.44+15

o
4.48+15
9.38+15

o
1.88+14
3.03+16
5.86+16

o
4.04+16
9.2M-16

TOTAL

1.884+19
o

1.608+19
3.400t19

o
4.56+19

o
7.347+19

6.2!6+19
o

6.44+19
o

7.556+19
7.003+19

o
1.024+18
7.54W19
8.412+19

o
5.206+19
8.274+19



VII. TMI-2DECAYPOWERAND COMPARISONS

In this sectionthe tabularand graphicaldecaypowerdataon aggregate

resultssuppliedto the Commissionare listed,includingcomparisondata

for the equilibriumcoreand graphicalcomparisonsof a seriesof requested

calculationsfor 11 irradiationtimes.

The resultsfor each importantnuclide, noblegas and halogen,other

informationas previouslydescribed,and componenttabulardata for the 11

irradiationtimesare includedin appendices.

All data for curiesand decayheatingin MW are averagetotalcore

values. All TMI-2resultsare basedon the powerhistoryin TableI and

Fig. 1.

A. TMI-2Heatingand Curies

TABLE 111 lists the decaypower in MW from fissionproductsand actinides,

includingthe beta,gammaand alphacomponents(thereis no

significantalphacomponentfrom the fissionproducts).

Fi~re 2 Totalcore decaypowerfromactinidesplus fissionproducts

is plotted.

Figure3 Totaldecaypowerfrom the actinidesand fissionproductsare

compared. (AppendixE showssimilarcomparisonsfor three

long livedgenericreactorsand AddendixD liststabular

valuesfor TMI-2if operatedfor elevenirradiationtimes-

a graphicaland tabularcomparisonof totalvaluesis included

furtheron in thissection.

‘)VU3LEIV This is similerto Table111 for decaypowerexceptnoblegases.

halogensand a specialset of nuclidesare also listed. The

specialgroupof nuclides, specificallyrequestedby the Com-

missionStaff,consistsof all isotopesof Br, I, Te, Ru, Cs,

Ba, and Sr. (Gaseousdata are plottedin AppendixC.)

~ABLEV lists the totalcuriesin all fissionproducts,noble gases,

halogensand the specialset of nuclidesnotedabovealong

with actinidecuriesand curiesin the totalcore.

B. ComparisonsWith EquilibriumCore

The equilibriumcore calculationtracesthe actinideand fission-product

decaypowerin each of threespeciesof reactorfuel followingshutdownat

the end of an equilibirumcoreperiod. The equilibriumcore is assumedto
I
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235
consistof equalfuelvolumesof 2.96Wt% U reloadfuelirradiated

for one, two,and threeyears. Specifically,the threeregionsconsistof

a) 1/3 of the core irradiatedfor the last 330 daysprior to shutdown,

b) 1/3 irradiatedfor 330 days,shutdownfor 35 days,and then

irradiationfor the final330 days,

c) 1/3 of the corehavingtwo 330 day irradiationand 35 day shutdown

periodsprior to the final330 day irradiation.

The corewas assumedto operateat the full thermalpowerof 2772MW

for the equilibriumcalculations.The specificcorepowerdensitywas main-

tainedat 33.8KW/Kg (basedon originalloading)duringthe poweredintervals.

The equilibiuwcoredischargefuel thushas an exposureof 33.462GWd/t.

TABLEVI showsthe actini.de,fissionproductand totalheatingfor each

fuel cycleand the totalcorevalues.

TABLEVII showsthe comparisonsto TMI-11with the totalequilibriumcore.

Figure4 showsthe graphicalcomparisonof the totalcoredata in Table

VI’i.

The readermay preferto normalizethe TMI-2and equilibriumcore

valuesto theirrespectivepowerlevelsof 2699.7and 2722MW. In this case

the decayfractionof the powerpriorto shutdownfor the equilibriumcore

is smaller than that of TMI-2 for the first100 s of cooling;the absolute

valuewithoutnormalizationis the smallerfor the first40 s. The primary
239

reasonfor thisbehaviorIs smallerheatingfrom Pu productsthanfrom
235

U, discussedin an earliersectionand in AppendixA.

C. DecayPowerFractionsvs IrradiationTime

AppendixIIcontainsdetailedtabulardata for fission-productand

actinideheatingfor 11 constantirradiation(power)periodsand cooling

timesbetween1 and 10
13

S (-3.2X 105 y). All resultsare basedon a full

TMI-2corepowerof 2772MW, and detailsare notedin theAppendix.

TableVTII and Fig. 5 showa graphicalcomparisonof all totalcore

heatingcasesnormalizedto the totalcorepowerpriorto shutdown. It is

interestingthatthe one-monthirradiationshowsan initialnet valueex-

ceedingall othercases. (It also exceedsthe initialTMI-2fractional

value.)

D. Comparisonsof GenericLightWater Reactors

AppendixE showsgraphicalcomparisonsfor threetypesof lightwater

reactors. One is similarto TMI-2and is includedwith more thanone

20
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TABLEVII

COMPARISONOF CALCULATEDDECAYPOWEROF
TMI-2WITH END-OF-CYCLEEQUILIBRIUMCORE

Cooling
Time

1.00+0Sa
4.00+0s
1.00+1 s
4.00+1s
1.00+2s

4.00+2S

1.0W3 s
1.00t0 h
2.00+0 h
5.00+0 h

1.00t1 h
2.00+1 h
5 .00+1 h
1.00+2 h
2.00t2 h

5.00+2 h
1.00+3 h
2.00+3 h
5.00+3 h
1.00+0 y

1.00t4 h
2. OCH-4h
5.00+4 h

Total Core DecayPower,MW

TMI-2 Eq. Core

1.68+2 1.63+2
1.48+2 1.45+2
1.30+2 1.28+2
1.03+2 1.03+2
8.60+1 8.7(w1

6.52+1 6.7(H1
5.28+1 5.46+1
3.56+1 3.73+1
2.84+1 3.03+1
2.14+1 2.38+1

1.74+1 1.99+1
1.39+1 1.65+1
8.93+0 1.15+1
6.59+0 8.90+0
4.55+0 6.57+0

2.59+0 4.31+0
1.56+0 3.02+0
8.83-1 2.03+0
3.23-1 1.02+0
1.40-1 6.09-1

1.15-1 5.36-1
4.35-2 2.54-1
1.13-2 8.36-2

head as 1.OOICIOOseconds.
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irradiationperiod. This appendix,basedon earlierdatapreparedfor Ref. 15

is includedfor generalinterestand for the detailedplotsof actinide

content. However,the fission-productheatinguses the upperbound correction

for absorptionin fissionproductsgivenin theANS 5.1 Standard. As noted

in a prior section,thiscorrectionis likelymuch

times. Therefore,resultsin thisAppendixshould

exceptfor the actinideheating.

VIII. SUMMARY

too largeat some cooling

onlybe intercompared

The previoussectionprovidesbest estimatesof the totalcoredecay

powerand curiesfor TM-2 , and comparisondecaypowersfor the equilibrium

coreand a surveyof valuesfor a wide rangeof irradiationand coolingtimes.

The decaydatausedhavebeenwidely testedand the four groupcrosssec-

tionsand fluxesshouldcloselymatch the valuesin TMI-2. The very recent

ANS 5.1 decaypowerstandardhas been usedwherepossibleandwhere it is

believedto be more accuratethancalculationsusingthe EPRI-CINDERsum-

mationcode. This is onlypossiblefor totalfission-productheating,and

for thisit is less accuratethan the summationcalculationsfor times>20

hoursof cooling.

The Q, 13,and y componentsof

valuesfor specificnuclidegroups

calculations.

All valuesapplyto the total

heating,actinideheating,and all other

necessarilyresortto the summationcode

core assumingall nuclidesare retained

in the fuel;some of theheatingfor nuclidegroups,particularlyfor the

noble gasesand halogens,indicatethat therecanbe a very significant

decreasein heatingratesonce the fuel claddingis breached,as apparently

happenedin part of the TMI-2 fuel.

As is clearfrom comparisonswith the equilibriumcore case and the

graphicaldata in Fig. 5, the decayheatingratesare largerduringthe

firstfew coolingsecondsfollowingrelativelyshortirradiationtimes

of freshfuel than for long irradiationperiods,a resultof the relatively
239

small Pu contentin freshfuel.

AppendicesB and C containdetailednuclideresultsfor the larger

contributorsto fissionproductheatingcomponentsand curiesand also the

detailedcontentof noble gasesand halogens. Comparisonresultsfor a
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constantpowerof 2772.0MW for 26 000 hoursare included. Thesedata

arenecessarilybasedentirelyon summationcode results.

All data in thisreport,with the exceptionof the supportinginformation

on the ANS 5.1 Standardin AppendixA and the genericreactorcomparisons

in AppendixE were specificallyrequestedby thePresidentialCommission.

All non-redundantdata suppliedto the Commissionto date (August16, 1979)

thatare basedon an accuratepowerhistory,exceptfor the decayspectra,

are included.
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APPENDIXA

THE 1978ANS 5.1 DECAYPOWERSTANDARD
SUMMARYOF DATA USED IN

.

FOR LIGHTWATER REACTORS:
THIS REPORT

The new standardis representedby pulsefunctionsas discussedin the main

textof thisreport[Eqs.(1) and (2)]. The actualstandardliststhe parameters

for the functionsand usestheseto generatetabularheatingratesvs coolingat
13

six pointsper time decadebetween1 and 10 s for the pulseand 1 and 109 s

for the ‘infiniteirradiation for
235U 239PUand 238U

9 . The user has the op-

tion of using the functions, as in thisreport,or the tabulardata as explained

in the standard.

The infiniteirradiationcase isactually generatedfromEq. (2)where each

fuel is assumedto producepower at a constantfissionratewithoutdepletion.

This is an artificethatpermits,in principle,the same informationalcontent

in the tabulardata as is containedin the pulse functions.

Neitherthe pulse functionsnor the tabulardata accountfor the effectof

neutronabsorptionby fission-products.This is dependenton the specific

reactorand its powerhistory. As noted in the text,the net effectof neutron

absorptionfor coolingtimes<104 s is smalleven followinga long irradia-

tion time. The standardaccountsfor thiswith an empiricalequationup to

104 s and an ‘upperbound~basedon two CINDER-10summationcalculationsfor

a very long irradiationperiod (4 years)at large fluxlevels. The user has

the optionof using the upperbound at any coolingtime and also of using

documentedsummationcalculationsat any time. The upperbound correction,

tabulatedin TableA-I and plottedin Fig.A-1, is inappropriatefor the short

lifeof TMI-2. Tt was used only for the first4 x 104 s, and onlywhere so

indicatedin the tabulardata. For longertimesthe directCINDERresults

were usedbecausethesealreadyincludethe absorptioneffect.

29



The pulse functionparametersare listedin TableA-II. Theseare used in

the DKPOWRcodewith fissionratesfromCINDERto produceaggregateheatingrates

up to 4 x 104 s, exceptin the detailedCINDER-10data in AppendicesB and C.

Fissioningnuclidesotherthan
235U 239PUand238

U are assignedthe 235Uvaluess

when the standardis used.

Variablemixturesof fissionrates,includinguncertainties,canbe treated

as discussedin the standard. The DKPOWRCode describesthis in more detail,in-

cludingsome clarificationof aspectsthatmay be of interestto usersof the

standard.

One problemthat confrontsthe user is the treatmentof uncertaintieswhen

using the pulse functions. The DKPOWRCode incorporatesan extremelyaccurate

fit to the absolute10 uncertainties,Af, in f of Eq. (l). ThesegiveAf as a

functionidenticalin form to Eq. (1)but with differentparameters,

23

x-

-ylt
Af = ~i e MeV/fiss-s “ (A-1)

i=l

The parameters(~,y) are listedin TableA-IIIbut are not includedin the

standard. The standardprovidestabulardataand usersmust interpolateto get

appropriatevaluesof Af.

The decayheatingor powerin the unitsof MeV/fissrepresentthe decay

energyreleaserate in MeV/s at specifiedor listedcoolingtimesnormalizedto

the fissionrate duringpower

MeV/s
MeV/fiss~ as . (A-2)

Suchunitsare meaningfulonly for the caseof a constantfissionrate during

the poweredinterval. The releaserate inMeV/s canbe obtainedusinga sumof

the integralsof the productof eachpulse functionand the correspondingfis-

sion rate of each fuel. In thisreportwe have representedthe variablepower

historyof TMI-2as a seriesof histograms,usingthe ratesin TableII. The

fissionproductdecaypowerat any specificcoolingtimehas been accumulated

from the separatecontributionsof eachhistogram. The unitsofMeV/s can be

readilyconvertedto MW using the relationship1 MeV/s= 1.60207x 10-19MW.

sion

30

FigureA-2 showsthe absolutecomparisonof heatingratesfor a singlefis-

pulse for each of the threefuels. The differencesare emphasizedin Fig.



A-3 which

radiation

certainty

239PU~d 238Ufrom235show the deviationsof U for the infiniteir-
case. FigureA-4 showsthe new standardfor 235U and its smallun-
comparedto the olderstandardand its uncertainty.

TABLEA-I

RATIOOF DECAYHEATWITH ABSORPTIONTO
VALUESWITHOUTABSORPTIONa

Time After qax(t) Time After Gmax(t)
Shutdown(see) Shutdown(see)

1.0

1.5
2.0
4.0
6.0
8.0
1.OE+l
1.5E+1
2.OE+l
4.OE+l
6.OE+l
8.OE+l
1.0E+2
1.5E+2
2.0E+2
4.0E+2
6.0E+2
8.0E+2
1.0E+3
1.5E+3
2.0E+3
4.0E+3
6.0E+3
8.0E+3
1.0E+4
1.5E+4
2.0E+4
4.0E+4
6.0E+4
8.0E+4
1.0E+5

1.020

1.020

1.020

1.021

1.022

1.022

1.022

1.022

1.022

1.022

1.022

1.022

1.023

1.024

1.025

1.028

1.030

1.032

1.033

1.037

1.039

1.048

1.054

1.060

1.064

1.074

1.081

1.098
1.111

1.119

1.124

1.5E+5
2.0E+5
4.0E+5

6.0E+5
8.0E+5
1.0E+6
1.5E+6
2.0E+6

4.0E+6

6.0E+6
8.0E+6
1.0E+7

1.5E+7
2.0E+7
4.0E+7
6.0E+7

8.0E+7

1.0E+8
1.5E+8

2.0E+8
4.0E+8
6.0E+8
8.0E+8
1.0E+9

1.130

1.131
1.126
1.124
1.123
1.124
1.125
1.127
1.134
1.146

1.162
1.181

1.233
1.284

1.444
1.535

1.586
1.598

1.498
1.343
1.065
1.021
1.012

1.007

aRatio8asedon: 235U thermalfissionfor 4 years,no depletion,
typicalLWR spectrum.
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TABLEA-11
PARAMETERS

FOR
PULSE AND FIWTE IWZADIA770NDECAY-HEAT

FUNCTIONS I( [t) and F(t,T)

u-235
Thermal

a A
6.5057E-01 2.21MK+01
5.1254E-ol 5.1587c-01
2.4304C-01 1.9594E-01
1.3850E-01 1.0314C-01

5.5440E-02 3.3656E-02
2.2225E-02 1.1681E-02
3.308(K-03 3.5870E-03
9.3015E-04 1.3!XV2E-03
8.0943E-04 6.2S30E-04
1.9567E-04 1.U!IOGE-04

3.2535E-05 5.498flf-05
7.5595E-06 2.O’M3E-05
2.5232t-OS 1.OO1OE-O5
4.9948E-07 2.5438E-06
1.8531E-07 6.6361E-07
2.6f3011E-Oa 1.2290E-07
2.25913E-09 2.721X-08
8.1641E-12 4.3714E-09
8.7797E-11 7.57t?OS-10
2.5131f-14 2.4786E-10
3.2176E-16 2.2MME-13
4.5038E-17 2.4600E-14
7.4791E-17 1.5699E-14

i5/7tt) -

u-238
Fast

a A——
1.2311E+O0 3.2881E+O0
1.1486E+O0 9.3805E-01
7.0701E-01 3.7073E-01
2.5209E-01 1.1118E-01
7.1870E-02 3.6143E-02
2.8291E-02 1.3272E-02
6.8392E-03 5.0133E-03
1.2322E-03 1.3655C-03
6.8409E-04 5.S158E-04
1.6975E-04 1.7873E-04
2.41~~E-05 4.9032E-OS
6.635W-OG 1.705!3E-05
1.0075E-06 7.0465E-06
4.9894E-07 2.3190E-06
1.6352E-07 6.4480E-07
2.3355E-08 1.2649E-07
2.8094E-(KI 2.5548E-08
3.623GE-11 8.4782E-09
6.4577E-11 7.513!X--1O
4.4963E-14 2.4I8Z3E-10
3.6654E-16 2.273X-13
5.6293E-17 9.0536E-14
7.1602E-17 5.6098E-15

PU-239
Thermal

A
2.08:OGOI =-1
3.8S30E-01 6.4330E-01
2.2130E-01 2.1860E-01
9.4600E-02 1.0040E-01
3.531OE-O2 3.7280E-OZ
2.2920E-02 1.4350E-02
3.9460E-03 4.5490E-03
1.3170E-03 1.3280E-03
7.0520E-04 5.3560E-04
1.4320E-04 1.7300E-04
t7650E-OS 4.881OE-O5
7.3470E-06 2.0060E-05
1.7470E-06 8.3190E-06
5.481OE-O7 2.3580E-06
1.671OE-O7 6.4500E-07
2.1120E-08 1.2780E-07
2.9960E-09 2.4660E-08
5.107OE-11 9.3780E-09
5.7300E-11 7.45OOE-10
4.1380E-14 2.426OE-10
1.OWJOE-lS 2.21OOE-13
2.4540E-17 2.6400E-14
7.5570E-17 1.3DOOE-14
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235U

~~
1.1306+0 2.3079+0
1.468(HO 2.5578+0
3.4480-1 2.4554+0
8.5155-3 2.4783+0
3.2872-2 3.7832-1
8.2958-3 1.2756-1
1.5202-3 3.5541-2
2.8260-4 1.0309-2
9.5539-5 6.3926-3
4.1938-5 1.3593-3
8.2175-6 2.8126-4
7.9662-7 5.7595-5
6.0345-8 8.5336-6
6.9231-9 2.2085-6
3.7062-9 6.6361-7
5.3216-10 1.2290-7
4.4796-11 2.7213-8
1.6328-13 4.3714-9
1.7559-12 7.5780-10
5.0262-16 2.4786-10
6.4352-18 2.2384-13
9.0076-19 2.4600-14
1.4958-18 1.5699-14

THE PULSE

TABLEA-III

PARAMETERS
FOR
Af

FUNCTIONUNCERTAINTY*

238U 239PU

2.6985-1
4.6317-1
3.3342-2
5.2368-2
1.6377-2
3.3312-3
3.4399-4
2.9573-5
4.5202-5
1.2485-5
1.4719-6
4.3067-7
2.8213-8
6.0028-9
6.3270-9
8.9103-10
1.1371-10
1.4076-12
3.2341-12
2.2547-15
1.8325-17
2.8240-18
3.5792-18

5.6768-1
2.1447+0
2.6939-1
1.2343-1
3.7050-2
1.3551-2
3.8277-3
1.1444-3
6.9141-4
1.9674-4
5.9641-5
1.7524-5
3.7664-6
1.9651-6
6.8983-7
1.3242-7
2.3771-8
9.1546-9
7.5130-10
2.4188-10
2.2768-13
900019-14
5.4671-15

1.9530+0
1.2000-4
3.0310-1
2.0617-2
2.0761-2
4.8726-3
1.4982-4
1.1519-3
4.9044-5
2.8594-6
4.2090-6
4.8789-7
1.4067-7
2.9496-8
8.3735-9
1.0591-9
1.5014-10
2.5438-12
2.8675-12
2.0731-15
5.4574-17
1.2296-18
3.7807-18

2.1278+0
2.0370+2
2.1127+0
2.1132+0
2.5175-1
6.8314-2
3.3741-3
1.4929-2
7.0130-4
1.1230-4
1.7173-4
2.4989-5
1.0014-5
2.4173-6
6.4468-7
1.2806-7
2.4668-8
9.4104-9
7.4481-10
2.4337-10
2.2119-13
2.6741-14
1.3870-14

*
Theseaccuratelyreproducethe 10 valuesin Af of theANS 5.1 Standard
~hen used in Eq. (A-l),but theseparametersare not listedin the
standard.
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APPENDIXB

TMI-2
CURIES,ATOMS,AND DECAY

OF
POWERS

MAJORFISSION–PRODUCTCONTRIBUTORS
AND

COMPARISONRESULTSFOLLOWINGAN EXTENDEDPOWERPERIOD

For the TMI-2powerhistoryand a 26 000 hour irradiationat constant,

fullpowerof TMT-2,the CINDER-10resultsfor collectiveand individual

nuclidecontributionsat eachof 24 coolingtimesare summarizedin this

Appendix. At each coolingtime (thesame timesas in the main textplus the

instantof shutdown)any nuclidecontributingmore than0.5% to the values

of the totalsummationsover all fissionproductsof curies,beta, gamma,or

beta + gammaenergiesis listed.

All data are calculatedusingthe ENDF/B-IVdatabase in CINDER-10and

actinidecrosssectionsfromEPRI-CELLas describedin themain text. There-

fore,the totaldecayheatingfrom fissionproductswill differby a small

amountfrom the aggregatevaluesin the main textbecauseof the use there

of the ANS 5.1 Standardfor times<20 hours. For coolingtimesup to a few

minutes,the standardis believedto be more accuratethan calculations,but

as the coolingtimeincreasesit is increasinglyprobablethat thesesumma-

tion calculationsare more accuratebecauseof the accurateaccountingfor

neutronabsorptionspecificto TMI-2. The absorptioneffectis discussedin

the text,and in AppendicesA, D, and E.

Each tableof time stepdata is headedby informationfor the aggregate

sumsover all fissionproductsand otherdata as labeled. The firstquantity

listedis the time stepnumber,time step 22 representingvaluesat the end

of the last time at powerbeforetheMarch 28 incident. The secondquantity

is the coolingtime in seconds;this is O. at time step 22. The totalelapsed

time over all time stepsfollowsthe coolingtime.

All otherquantitiesheadingeach tableare valuesapplicableto the

totalcore. The accumulatedfissionand totalfissionproductsin sum are
-24

reducedby the factor10 , a commonpracticein reactordesign. The beta,

gammaand total (beta+ gamma)decaypoweris specifiedin MW and in MeV/fiss,

the latterunitbeing
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I

MeV/s
MeV/fissZ ft~s,s ,

whereMeV/s is the decaypowerrate in MeV per

ing timeand fiss/sis the fissionrate during

in this case the rate is 8.27x 10
19

for TMI-2
19

rate is 8.59x 10 fiss/s).

secondat the specifiedcool-

the last time step at power;

(forthe secondset of tablesthe

The tabulardata for each nuclideconsistsof the followingquantities.

COL

1

2

3-6

7-9

10

11

12-14

QUANTITY

NumericalID where the firsttwo digits= the atomicnumberZ,
the next threedigits= mass numberA, the sixthdigitspe-
cifiesthe isomericstate(O = ground,1 = firstisomeric,
etc),and the finaldigitis O in all cases.

Chemicalsymbolcorrespondingto the atomicnumber.

Listspercentagesfor beta, gammaand beta -f-gammadecay
energyof the total,and the percentof curiesof the total,
where

Lists

Lists

Lists

totalrefersto all fissionproducts.

the decaypowerin MeV/fission,as dfscussedabove.

curies(totalcore).

the “density”where,in this case,densityrefersto
the totalatomsof the nuclidein the coremultipliedby the

factor10-24.

Liststhe decaypowerin MW for beta,gammaand beta+ gamma.

As the coolingtime increasesthenumberof nuclidesmeetingthe

~ Oo5%-of-totalcriteriafor inclusionin thesetablesdecreases, particularly

for TMI-2. That is, a few nuclidesdominatethe totaldecayat long times.

The secondset of tablesis identicalin form to the firstset but is

basedon a constantpowerof 2772MW for 26 000 hours (-2.97years). This

case is comparableto 1/3 of the equilibriumcore fuel followingthreecycles.

It differsin the followingrespects:

● All fuelis assumedto producepower constantlyfor 26 000 hours.

● Each fissionablenuclideis assumedto producethe same energyper
fission.

● Fuel crosssectionsare basedon EPRI-CELLat mid-life;that is,
thesecrosssectionsare self-shieldedat the mid-lifevaluebut
are not timedependent.
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The differencesare not importantfor the intendeduse of thesetables,

namely,to providea generalcomparisonof nuclidedata forhighlyirradiated

fuel. The numberof timestepsat powerwas maintainedat 22 and the decay

(cooling)timesare the same as used for TMI-2so that timestepnumbers

correspondto the same coolingtimesas in the firstset of tables.

The readershouZdnote thatthecaZcuZationgforthegecondgetof

tabi?esusesa powerlevelof2772MW. HadTMI-2been at fuZZpouerduting

<tslastpowered<ntervaZthef{ss<onproductdecayenergywouldbe increased

by-2.7%foreachnucl%ckduringthef~rstdayor morefolkw$ngtheMoch

28kx%knt.
It is interestingto note that thenumberof nuclidesmakingconsiderable

(20.5%)contributionsto totalfission-productdecaypowerfar exceedthe cor-

respondingnumberimportantto totalactinidedecaypower,as shownin Fig.B-1.

\

....%. ..----- TMI-2
-... ......... 26000hr.case

\

-.%.
‘,
‘,
‘.
‘.

Fission
‘.‘.

Products ‘,-------

\

-..,.
‘.,

‘.
‘.

. . .
..-.--$,

9.
‘s
9,●.*

●..
‘.
‘.

‘.*
‘.
‘.

---------------------------.......... ..... .......... ..............

I I 11111111 1IIInq I I I I1111] I I Illlq I I 1111111I I Illllq i I 11111~ 1 111111

‘ 102 103 104 105 106 10’ 10” 10’
CoolingTima(a)

Fig. B-1.
Number of nuclides contributing zO.5%of

ftotal actinide or fhion-product ecay power.
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ID SYH -------PEQfFNT qF ILL FP-------- --..-------NEV /F I s s--------..--- ---L3ECAY POUER IN 14W---
zziiAs

3508600
3508700
3608700
3508000
3608800
3708800
3508900
3608900
370s900
3808900
3609000
3709000
3709010
3609100
37LW1OO
380’3100
3909100
3909110
3709200
3809200
3909200
3709300
3809300
3909300
3709400
3809$00
390~400
3809500
3909500
4009500
3809600
3909600
3909700
4009700
6109700
+109710
+009800
+109800
4009900
4109QOO
420Q900
$309910
4010000
+110000
4110010
+010100
4110100
+210100
4310100
+110200
4210200
4310200
4110300
$210300
4310300
4310400
5113010

RR
OR
KQ
BP
KR
R9
BR
KQ

Ri!
Sli
KR
R13
R9
KR
R13
SR

Y
Y

Rn
SR

Y
RB
SR

Y
R8
SR

Y
SR

z;
Srl

Y

z;
N9
Ne
ZR
NB
ZR
N8
MO
Tc
ZR
NB
Ntl
ZR
N!)
~o
Tc
tin
MO
TC
NE
no
TC
TC
se

9ETA” -

,265
.?41
.538

1.178
.142

1.203
,739
.914
.714
.2F38
.873

16~41

●?11
1.343
1.221

.6.20

.348
0.000
20+10

.186
1.418
1.076
1,201
1.24B

.678
,oh5

1.834
1.725
1.895

,072
.722

2.$57
1,080

.729

.485
0.000

.886
1,R75
1.337
1.596

.614
0.000

.630
10067
1.120
10204
1*635

.540
,44?

1,568
,7*9

10210
.749
,856
.477
.528
.231

tlAti14A

●5n9
.Al$
●;9Q

,749
I.lnl

,4nll
,~lq

10541
1,*O7
11.flno
1.3?2
2.Q49

,799
,Jllq

9.971
,hqf)
.no7
.313
,II!7

1.339
.?47
.777

1,493
.fmr
.459

1 .77rl
l.o~?
1,945

.545
,479
.615

105?7
.4~f3
,103
.771
.690
.001
,145
.h71
,?14
.206
.116
.$56

I ,n47
.747
,lR?
,7Q9

1.11?
.318

1.074
~,ollo

●qq*

,61?
,$69
.347
,hq~
.659

----
Ti;&L CIJOTE$ BETA ”--” GAf4FA TOTAL CURIES OENSITY 8ETA GAMMA TOTAL

0150
,771
.’431
.41’I
,~l?
.618
,?ql
,7q7
,R?l
,KJzq
.7-4
.flof-i
,7(I+
.557
.Q7fl

1.016
0619
,5~h
.7$~

1.0?3
1.036

.Stlq
1*1O’I
10177

,241
1.063
1.14?

,Q51
10161

.664
,~71

1.091
.5?.3

1.10?
1.107

●959

1,051
1.074

,nq?
1.11$
1.157

.994

.914
●56$
,5$5
,536
.9?0
,Qq+
,Qf15
.674
.R5?
,q57
.4$1
.?’39
.79Q
,473
,??+

I,5013E-02 2,819E-02
$,216E-02 3.40qE-02
?.06ZE-02 1.819E-02
A.698E-02 4,108F-O2
*,089E-03 7.197E-02
601144E-OZ 2.215F-02
4.204E-02 2.960F-02
S.197E-OZ 8.63RI!-O?
4.059E-02 909911E-02
1.b36E-02 O.
4.964f-02 7,314E-02
7.056E-02 1,132E-01
1.200E-02 3.921E-02
7.6$1E-02 2.145E-02
6.944E-02 1.42?F-01
3.527E-02 3.760E-02
1,982E-02 8.69EIE-05
0. 1.729E-02
1.371E-01 1oO36E-O2
1.057E-02 7.360E-02
R.067E-OZ 1.367E-02
6.122E-02 4.271E-02
6.829E-02 8.206E-02
7.099E-02 5.368E-03
3.857E-02 2.53QE-02
4.920E-02 7.030E-02
1.043E-01 9.991F-02
9.811E-02 60887E-02
l,07f3E-01 3.015E-02
401O7E-O3 2.600E-02
4.108E-O2 3.401E-02
10398E-O1 80476E-02
6.143E-OZ 2.657E-02
4.149E-02 1.06ftE-O?
20757E-02 3.9R9E-02
0, 3.760E-02
15,041E-02 5.509E-05
1.066E-01 8.016E-03
7.603E-02 3.724E-02
9,021E-02 L0183E-02
7.357E-02 1.140E-02
(1, 7.547E-03
3.584E-02 3.075F-02
6.lf15E-02 5.767E-02
6.373F-OZ 4.108E-02
6,848E-02 1.007E-02
Q.299E-02 1.615E-02
‘i.l16E-02 7.260E-02
20514E-(Z2 1.761F-02
q.919E-02 6.055E-02
1.4113E-02 O.
fi.E133E-02 Z.116E-02
4.258E-02 3.390E-02
4.869F-02 3.6130E-02
7.713E-02 1091I3E-O2
?.003E-02 306$5F-02
1.312E-02 3.f149E-02

40327E-02 1.898E+07 5,572E-09 1.997E-01 3.733E-01
70624E-02 $o41OE+O7 10313E-O4 5056?E-01 40512E-OL
4.IJqlE-02 50126E+07 10248E-O2 4.055E-01 2,408E-01
1oOO1E-O1 4.078E+07 4.140E-05 n.869E-01 50440E-OL
Rooo6E-02 7.269E+07 3.911E-02 1.07LE-01 9.530E-01
9,0513E-02 7.341E407 4.161E-03 9.062E-01 2.932F-01
7.164E-02 3.336E+07 00013E-06 50567E-01 3.920E-01
1,394E-01 90354E+07 90467E-04 6.0132E-01 1.144E*O0
1.404E-01 9.758E+07 40750E-03 50375E-01 10324E+OO
10635E-02 tI0279E+07 10506E+O1 2.166E-01 O.
l,??qE-01 9.341E+07 1.611E-04 60573C-01 9.685E-01
1.837E-01 90503E+07 8.Z113E-04 9.343E-01 10499E+OO
5.l?lE-02 20423E*07 30321E-04 105I39E-O1 5.193E-01
9,786E-02 6.622E+07 3.075E-05 1.012E+O0 20840E-01
?,117E-01 10163E+O8 30612E-04 9.194E-01 I0884E+O0
7.287E-02 10208E+O8 2.201E-01 4.67LE-01 4.979E-01
1.990E-02 7.305E+07 1.974E+01 2.624E-01 1.152E-03
1.729E-02 6,959E*07 1.108E-O2 O. ?0290E-01
1.474E-01 8.851E+07 20140E-05 1.015E*O0 10371E-O1
8.4L7E-02 1.228E+OEJ 6.395E-02 1.400E-01 90746E-01
9.434E-02 1.231E+08 8.349E-02 10068E+OO 1.811E-01
1.039E-01 60745E+07 2.0R8E-05 8.106E-O1 5.656E-01
105O3E-OL 1031+E+O8 3.156E-03 90042E-01 1.0E16E+O0
70636E-02 1,339E+08 2.624E-01 9.400E-01 7.108E-O2
bo396E-02 2.863E+07 4,111E-06 5.108E-O1 30362E-01
1.1Q5E-01 1.264E+08 5.1OOE-O4 6.515E-01 9.30RE-01
1.642E-01 1,357E+08 13.258E-03 1.38ZE*O0 7.933E-01
1067OE-O1 1.130E*08 1.568E-04 L.299E*O0 90120E-01
1.3BOE-01 1.379E+08 40639E-03 1.427E*O0 30993E-OL
3.O1OE-O2 7.889E+07 2.3113E+Ol 50438E-02 3.442E-01
7.51OE-O2 6.786E*07 1.449E-05 5.440E-01 4.504E-01
2.2+5E-01 1,296E+08 9.550E-04 1.851E+O0 1.122E*O0
8.799E-02 6.347E+07 3.761E-06 80134E-01 3.518E-01
50215E-02 1.311E+08 4.231E-01 5.494E-01 1.412E-01
6.746E-02 1.316E+08 3.103E-O2 30651E-01 50282E-01
30760E-02 L.131E+08 3.260E-04 O. 4.979E-01
5.047E-OZ 10249E+OII 2.066E-04 60675E-01 7.401E-0+
10146E-OL 1,277E+08 1.909E-05 10412E*OO 1.061E-01
1,133E-01 1.048E*08 10343E-O9 1.007E+O0 $0931E-01
1.020E-01 1.324E+08 9.891E-05 I0195E+O0 1.567E-01
3.+98E-02 I0369E+08 10737E+OO 3.122E-01 1.510E-01
7,547E-03 10181E+O8 1,366E-OL O. 9.993E-02
6.658E-02 1.0L16E+08 4.117E-05 4.745E-01 4.071E-01
1.195E-01 6.708E*07 8.594E-06 8.190E-01 7.637E-01
1oO48E-O1 6,719E+07 B.644E-06 B.4313E-01 5.439E-01
7,855E-02 6.374E+07 1.123E-05 9.068E-01 1.333E-01
1.091E-01 1.093E*08 4.084E-05 10231E*OO 2.138E-01
1,039E-01 1.170E+08 5.471E-03 4.127E-01 90614E-01
4.276E-02 1.170E+08 5.322E-03 3.329E-01 2.332E-01
1.497E-01 8.011E+07 1.2L13E-05 1.181E+O0 no018E-01
10418E-O2 10018E+O8 3.6ZOE-03 1.878E-01 O.
tl.99flE-02 1.019E+08 2.1383E-05 9.114E-01 Z.801E-01
7.64SE-02 5.478E+07 4.582E-05 5.639E-01 4.489E-01
8.5413E-02 80324E+07 2.666E-04 6.447E-01 4.873E-01
4.63?E-OZ 130432E+07 2.250E-04 3.593E-01 2.540E-01
6.641SE-02 5.623E+07 3.241E-03 3.976E-01 4.8Z7E-01
4.961E-02 2.681E*07 3.177E-03 1.737E-01 40832E-01

50730E-01
1.009E*O0
6.464E-01
1.431E+O0
1.060E+O0
1.199E+O0
9.486E-01
1.832E*O0
1.e61E*oo
20166E-01
1.626E+O0
2.433E+O0
6.7111E-01
1.296E+O0
20803E+O0
9.650E-01
2.636E-01
20290E-01
10952E+OO
1.115E*O0
1,249E+O0
1.376E*O0
10991E+OO
1.O1lE+OO
B.470E-01
1.582E+O0
2.175E+O0
2.211E+O0
1.827E+O0
3.9136E-01
9.944E-01
2.973E+O0
1.165E*O0
6.906E-01
8.933E-01
4.979E-01
6.683E-01
1.518E+O0
1.500E+O0
10351E*OO
4.631E-01
9.993E-02
13.816E-01
1.5B3E+O0
1.3L18E+O0
1.040E+O0
10445E+OO
1.374E*O0
5.662E-01
1.983E*O0
1.878E-01
1.192E+O0
1.013E+O0
1.132E*O0
6.133E-01
8.803E-01
6.56QE-01
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NOBLE

APPENDIX C

TMI-2
GAS AND HALOGENS

COMPARISON RESULTS FOLLOWING A LONG IRRADIATION

These 58 tables are based on the same CINDER-10 calculations in Appendix

B, the first 29 being for the TMI-2 power history and the remainder for

26 000 hours at a constant, full power level

the tables in Appendix B also apply here and

summaries of the aggregate gas fractions are

TMI-2 .

The tables list data for each noble gas

of Kr and Xe for noble gases and of Br and I

of 2772 MW. Comments preceding

are not repeated. Graphical

shown in Figs. C-1 and C-2 for

and halogen isotope (isotopes

for halogens). There are >90

isotopes for these four elements. me tables list ckns<ty, curies and beta,

gannm, andti.tat dwatj POWeAA aA @Lc.tLon.4 OJ the loaht &iA.ion product

ensemble for the corresponding quuntity. Each noble gas and halogen is

listed that exceeds 0.01% of the curies, beta, gamma or beta + gamma decay

power of the aggregate noble gases + halogen value. Therefore, only the

radioactive isotopes of any significance appear in the tables,

Where quantities are labeled total gas, all gas, etc., the reference

is to noble gas + halogens.

Heading and following each table are values for the total core for all

fission products , all gases, etc. Quantities labeled total without further

identification refer to all fission products; the product of these and the

corresponding fractional values in the detailed nuclide tables provide the

actual nuclide value for the total core.

Each table is followed by summations over all noble gases, all halogens,

noble gas plus halogens, etc., some information being redundant with data

preceding each table. Here, the first three lines are summations of the

quantity labeling each tabular column, and the last four are total fractions

of all the fission products. Thus at the instant of shutdown, the total gas

accounts for .2.6 of the 11.9 MeV/fiss total decay power or .21% of the

total. Since only radioactive nuclides produce decay energy, the density

and fractional density of these are listed. Thus at the instant of shutdown,

<l% of the fission products are gases but these account for.-2l% of the total

fission product decay power. The fractional values of all noble gases and
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the net fractional density of the noble gases that are radioactive are listed

in the last two lines following each table.

Five tables of summary output from CINDER-10 follow the detailed gas tables

for the TMI-2 and 26 000-hour power histories (Tables C-XXV through C-XXIX for

TMI-2 and Tables C-LIV through C-LVIII for the 26 000-hour irradiation).

TA9L~ C-I

TMI, UNIT 2, 22-STEP O~UFQ ~1’STWY, FULL CflRE CALC.P cINDER-lo(LASL] 7/79

C~NTFNT flf ‘41qLE GASES AHD HALOGENS
(EYCEEI)TNG 1.0000OF-O? OEQCENT OF TOTAL GAS)

TIYE STEP 22
ELAPSEO TIAE=2.9337@E+q7 ‘REc
C99LINS TX~E=Oo SEC
T~TAL 4CTIVITY=4.41195F+213
CURIES IN ALL FP= 1.74665E+19

IN ALL GAS= ?.337q7E+09
IN HALOGENS= 1.15152F+O?

IN Nf3BLE GAS= 1.lq5?5F+03
TOTAL BETA tiEV/FISS=50Z’5Q50E+0’3
T!ITAL GA~YA ~EV/FI~S=5.0%%5QF+99
TOTAL BETA+GAMYA=I.?224?E+01
FRACTION OF TCITALS TN 5AS oQ7fll)CTS

BETA FRACTIO~=l.Q?l?flE-?l
GAtlqA FI?AcTIIV=?.4f)l?lE-r)l
TOTAL FRACT17N=7 .151i5r)F-01
FRACTIONAL DENSITY ALL $4$.1.5%791E-131
OENsITY fJF RADIflA?TTVF cA$=907f37qRE-(33
FRACTIONAL GA~ 4cTTV17Y=I.P7562E-01

DECAY 90WEQ IN ‘4U F’IQ ALL Fo 1S
TOTAL 9ETA Wxq.?985QE+~l
TQTAL GAMqA ‘4U=7.9009’3F+QI
TCITAL 9ETA+Gd’4~A ‘4W=1.519?4E+02

(~ULTIPLY ~EV/F BY 1.32414t?+Ol Tn GET W)

●*;T4BuLA9 VALUES AOE G[VFN as I=QAcTlflNS gF ALL NUCLIOES***
NUCLIOE OEvsTTy CU?[ES 9ETA ~EvtF GA3MA HEVIF B+G 8EV/F

z A S
353R 93 0 3.68159E-!)fJ 8.130197E-04 2.57~~4E-04 6007705E-0($ 1034595E-04
35!3Q ~4 O 1.5Z144E-?6 1.55597E-133 1.86474E-03 2.73050E-03 2.Z9725E-03
358q 95 !) 1.48411E-~7 2.94316E-93 1.81?O?E-03 1.23592E-04 9.@8020E-04
36KQ 95 1 1.5~692E-05 ?.O$q~?E-93 4.1694qE-04 3.54401E-04 3.B6373E-04
353Q 96 0 4.02545E-9f! lo52a133F-!3? ?.41Q5qE-03 4074413E-03 3.55402E-03
353R 86 1 3.32699E-00 1.54454F-O? 4.24q?2E-03 2.40652E-03 3.34943E-03
35BR 87 0 9.51549E-9q 3.56?55E-!)3 5.731?7E-03 5.75120E-D3 6.27993E-03
36KQ 97 0 8.977Z4E-95 4.11?84E-03 4.q9?5qE-03 3.04846E-03 3.99263E-03
35BR 83 0 3o09519E-’)q 4o046qlE-!3? 1.lllQ?E-02 7.15401E-03 9018408E-03
36<R 99 0 2.!l1393E-Oq 5.~3170E-’3? 1.~9~25E-fj3 1.2t)625E-02 6054838E-cj3
35flR 99 0 6.69701E-’39 3.109OOE-O3 7.8’3170E-03 5.76292E-03 6.80673E-03
36KQ 89 0 6.8?594E-07 7.521?4E-f33 ?.32171E-t33 1.45104E-O2 1.13419E-02
359R 93 0 1.6237?E-’39 ?.I?91OE-I33 6.34703E-03 4.59135E-03 5.49021E-03
36KR 90 0 1.17906E-07 7.6195?C-93 9.06?45E-03 1.24632E-02 1.O21O1E-O2
353R 91 0 1.?6431E-19 5.83Q5’7E-’34 1.95?7?E-03 1.48822E-03 10683O3E-O3
35KR 91 0 2.39153E-09 5.71Q131E-03 1.31416E-02. 3.86972E-03 8.61667E-03
353R ’32 0 5.56430E-l? 4.64’395E-05 1.5?747E-04 1029568E-O4 1.41691E-04



36KQ 92 0 2.33042E-99 ?oh65Q6E-03 5.65q?5E-03 1086O33E-O3 30809~9E-03
36KR 93 0 5091O37E-I9 9.7??45F-94 2.3a’l19E-03 1.85441E-03 2.12867E-03
361(R 94 0 4.04215E-11 4.04~l?c:’34 70457q3E-04 6,7.947eE-04 7.134?5E-04
53 1131 0 1.70559E-03 5.1?94RE-O? 9.4q??7E-04 108674OE-O3 lo3~561E-03
53 1132 0 3o10Z81E-~5 7.89QO~E-0~ 306q555E-03 1.64899E-02 9.93437E-03

53 1133 0
54XE133 O
53 1134 0
53 1134 1
53 1135 0
54XE135 O
54XE135 1
53 1136 0
53 1136 1
53 1137 0
54XE-137 O
53 1139 0
54XE138 O
53 1139 0
54XE139 O
53 1140 0
54XE140 O
53 1141 0
541rE141 O
54XE14.2 O
54xE143 O

TOTAL GAS

TOTAL FP

TOTAL GAS
FRACTIONS

4035304E-04 1.2144~E-13? 4.51440E-03 6.B0189E-03 5.63178E-03
20627?7E-0~ 1029114C-’I? lo!)~9R5F-03 9.14794E-04 1.00493E-03
2.04392E-05 1.35?9aE-’3Z 9.33302E-03 3.28028E-02 2.0274QE-02
11.?9??lE-Oq Q.6Q715E-94 0. 2.56765E-04 1.25309E-04
lo29056E-9~ 1oI3731F-O? 3.9Q!)97E-03 1054855E-O2 9.60055E-03
4.171!J8E-95 2.63963E-03 7.?9170E-04 6.45332E-04 6.89255E-04
9.02236E-f)7 ?.05375E-03 O. 1.01155E-03 40~3652E-04
2.19267E-137 5051990E-03 90Q3971E-03 1014241E-O2 1.01368E-02
7.75393E-139 3.17474E-d3 5.9330!3E-03 6.07651E-03 5.951S3E-03
6.9079ZE-fJ’? 5.fJ5446E-133 709?947E-03 1.11290E-02 9.4963ZE-03
1,185W)E-95 1.@744~E-O? 1.75?05F-02 1.96199E-03 9.98387E-03
9.55350E-0~ 1.97957E-93 5.9’370?F-03 7.75600E-03 6.75818E-03
4.46571E-05 1.f195~9F-02 5.41Q7’4E-03 1.22374E-02 9.25893E-03
1.48997E-5Q 1.47107E-O3 ?.29639E-03 3040164E-03 2.93579E-03
1.72f!25E-37 ‘.935a5E-53 1.4?343E-02 7.75144E-03 I.107O5E-O2
1.93097E-19 4.69074F-04 8.7277qF-04 1.28632E-03 1.07460E-03
4.09592E-Oq 5.?77q5E-93 4.Q2R74E-03 7.99833E-03 6.4267SE-03
1.52886E-11 70994Q4E-05 1.?8649E-04 2.15480E-04 1.76145E-04
1.93502E-09 70?’?n97E-C13 3.1??05E-03 4.73157E-03 3.90753E-03
4.57976E-lIY 9.01a61F-f)4 7.91R47F-04 1.32299E-03 1.04695E-03
1086109E-11 Io?940?F-04 2.0?824E-04 3025889E-04 2.65443E-04

2.16424E+O? ~.337q7F+09 1.?0263~+O0 1.43272E+O0 2.63535E+O0
1.34940E+~l fQAOTIACTIVE GAS DENSITY)

1.39000E+133 10?4445E+19 402595f3E+O0 5096669E+O0 1.22262E+01

1.55701E-01 1.87562E-fJl 1.9?l?qE-01 2.40121E-01 2015550E-01
9.70783E-03 (OAOYflACTIVE FRACTION OF TOTAL Fp)

N09LE GAS
FRACTIONS 1.4839qE-91 Q.517Q5E-~? 9.41957F-02 8.99751E-02 9021345E-02

4.04434E-137(Y9BLE QhOIIYACTIVF GAS FRACTION OF TOTAL FP)

TARLE C-TY

THIs UNIT 2, 22-STEP “IWEQ HT~TOQyS FIJLL CZIQE CALC.S CINOER-10(LASL) 7/79

C~VTFVT q~ NflqLE GASES bND HALOGENS
(ExCFE91~G 1.90000E-O? BEQCENT OF TOTAL

TI~E STEP 23
ELAPSEO TI~F=2.9337QE+07 SFC
COOLING TIME=l.000’30E+O0 SE?
TLITAL ACTIVITY=4.3’J7?%F+20
CURIES IN ALL F-= 1.1q~45c+13

IN ALL GAS= ?.74979E+O?
IN HALOGENS= 1011?1OE+D’?

IN N09LE GAS= 1.13769E+9?
TLITAL BETA *EV/FISS=506q773F+n0
T9TAL Gb?VA YEV/FlSS=5.5335q5+90
T5TAL 9ETA+GA~~A=l .l?713E+51
FRACTION CIF T9TAL$ YN 54S 00q91JCTS

BETA Fractional.95~975-91
GAMYA FQA:TIIN=?.454?3F-01
TOTAL F9ACTImN=?.?O115c-01

GAS)
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FRACTI’3NAL OC~SITy ALL %AS=1055791F-O1
DENSITY OF RA9T~ACTIVE 5AS.9.70796E-03

FQAcTI’YNAL GAS hCTIVITY=l.89395E-01

●**Tabular vALuES !OE CTVCN AS FQACT17NS OF ALL NUCLIOES***
NUCLIfJE !)ENS~Ty clJ?~Es qET4 ~Ev/F GANflA ~Ev/F B+G MEVtF

z A S
359R 83 0 3.69159E-96 9.33441E-04 ?.a294QE-04 6.55269E-06 1.46450E-04
359Q 84 0 1.52143E-54 1.74715F-93 2.05?lqE-03 2.94419E-03 2.492136E-03
353R 95 0 1.68306E-07 ?.14153E-03 1.9Q?93E-03 1.33172E-04 1.07583E-03
361(R ?5 1 lo5Q6q2E-O’3 ?.15937E-133 405q75?E-04 3.8z140E-04 4.Z0973E-04
35BR 86 0 4.00893F-f)q 1.5979?E-03 2.6S1?3E-03 5.09433E-03 3.95630E-03
35qR 34 1 3.16709E-OQ 105490RF-133 4.45059E-03 2.47016E-03 3.47397E-03
35BR 97 0 9044957E-’3? 3.71054F-93 7.41?05E-03 6,15939E-03 6.79383E-03
3’5KR 87 0 9.77705E-f)6 4.?l?4qE-03 5.3$1431E-03 3.28699E-03 4.35006E-03
359R 39 0 2.97969E-5q 6.1047%E-’I3 1.17764E-OZ 7.4Z363E-03 9.62992E-03
36KQ 59 0 2oq1377E-T5 40115?9E-’I3 1.4?212E-03 103OO63E-O2 7.13444E-03
359R 89 0 5.76594E-~0 7.90704F-93 7.39114E-03 5.34923E-03 6.38421E-03
36KR 89 0 6081O6ZE-97 7.97058E-03 9.137h9E-03 1.56109E-O2 1.23299E-02
359R 90 0 1.06144E-09 1.45154E-O? 4.54501E-03 3.23618E-03 3.91023E-O3
36KR 90 0 1.15871E-97 7.96017E-133 13.72~25E-03 1.32181E-02 1.09419E-02
359R 91 0 6.Z1091E-11 2.?6811F-04 6.5’3?49E-04 5.07388E-04 5.7981OE-O4
36KQ 91 0 2.21225E-OQ 5.57155E-03 1.34341E-02 3.87586E-03 8.72064E-03
361(R 92 0 1.60240E-59 I090815E-03 4.2qQ3~E-03 10379Z9E-O3 2085429E-03
36KR 93 0 3.43151E-10 5.92024E-04 1.52717E-03 1.16092E-03 1.34656E-03
53 1131 0 1.70588E-03 5.IRO03E-03 9.33497E-04 2.01356E-03 1.46611E-03
53 1132 0 301O291E-95 8.?44!44E-03 4005405E-03 1.77B05E-02 1oO824OE-O2
53 1133 0 4035304E-04 1.27375E-02 4.9704ZE-03 7.33427E-03 6.13611E-03
54XE133 O 2062797E-01 lo2597~E-O? 1.7995?E-03 9086394E-04 1.09493E-03
53 1134 0 ZO04398E+5 lo4139nE-92 9.17055E-03 3053696E-02 2.20901E-02
53 1134 1 8.96340:-09 9.fY9?39E-04 O. 2.75975E-04 1.36092E-04
53 1135 0 1.29054E-04 1.197!I!3E-02 4.3Q?0’)E-03 1.66973E-02 1.04601E-02
54XE135 O 4.171313E-95 2.7!5q64E-O? 9.0?5?9F-04 6.95892E-04 7.49943E-04
54XE135 1 9.O211OE-O7 2015316E-03 O. 1.09057E-03 5.37796E-04
53 1134 0 2.18557E-97 ~076949E-03 9.77?61E-03 1022783E-O2 1.1OO88E-O2
53 1136 1 7.64i!67E-Oq 304B970E-93 6.32742E-03 6.45818E-03 6.39190E-03
53 1137 0 6.74395E-OB 4.09463E-03 8.52Q67E-03 1.17150E-02 1.00903E-02
54xE137 O 1.183Z8E-06 1.1?5?9F-O? 1.~3747E-02 2.11248E-03 1.08622E-02
53 1139 0 9.65354E-9Q 2.Q170?E-21 5.79977E-03 7.57524E-03 6.66?73E-03
54XE139 O 4046307E-~6 1.14777E-c17 7.’34O97E-O3 1.31874E-02 1.001321E-02
53 1139 0 1.273Z5E-6’$ lo15~43E-03 109’34’35E-o3 2.76347E-03 2.3Z788E-03
54ME139 O 1.70298E-57 9.23607E-03 1.54362E-02 B.23595E-03 1.18855E-02
53 1140 0 9.72092E-11 2.?21q6F-’34 4.33794E-04 6.26407E-04 5.2!3779E-04
54XE140 O 3.990?8E-’3$I 5.2497ac-93 5.14430E-03 8.2111OE-O3 6.66677E-03
54XE141 0 10235O1E-O9 1057326E-O3 2031?44E-03 3.43369E-03 2.96536E-03
54KE142 O Z.55817E-10 4.7739qE-04 4.99~93E-04 8.10291E-O4 6.47942E-04

TOT4L GAS 2016424E+5? ?.74Q7QG+’3Q 1.11415F+O0 1.35807E+O0 2.47222E+O0
1.34939E+’31 (QAOI~ACTIVE G4S OENSITY)

TOTAL FP 1.39000E+O? 1.18945E+1O 5.69773E+O0 5.53358E+O0 1.12213E+01

TOTAL GAS
FRACTIONS 10557O1E-OI 1.QQ305E-91 1.Q51387E-01 2.45423E-01 2.20315E-01

9.70786E-03 (QA91~A:TtVE FQACTIDN OF TOTAL FPI



N09LE GAS

FRACT19NS 1.493B9E-nl 905729~F-O? ~.~3177E-02 9.09572E-02 9.36740E-02
4.04434E-03(Y~9LE Q4!l!flACTIVE SAS FRACT19N OF T~TAL FP)

TA9LE C-TT[

TNI, !J’4TT 2, 22-STEP 0~”4EQ H7~70QY, F’JLL C9QE CALC.> CINDER-10(LASL) 7/79

TIME STFO 24
ELADSEO TI045=2.?337QE+97 SFr
C3CILING TY~E=40000~OF+O0 SEC
TOT4L ACTIVITY=4.3Qa395+?f3
CIJRIES IN ALL FDs ~0197q4C+13

IN ALL GAS. ~.19qq7E+~?
IN ~ALOGEVS= 1.13G5Qf3c+oa

IN ~!39LE GAS= 1.?619aE+’33
TOTAL 9ETA ‘4EV/F15~=4.Q?347F+O0
T!ITAL GAMMA MEV/F~SR=5091QT3E+f10
T~TAL BETA+GA”’4A=1 .0’33?OE+01
FRACTIgN PF TOTALS TN $&S ORIYf)UCTS

BETA F?ACTION=l.~5072E-91
GA$IMA FQACTIW.2.48520E-01
TOTAL FpACTI~~=?a223f39E-01
FRACTIONAL OF~KTTV ALL 5AS=1.557!31E-01
DENSITY OF RA919ACTIVE ?AS=9.7077QE-03
FRACTIONAL GAR ACTIVITY=109O?41E-O1

OECAY POUER IN *W FnQ ALL ~m TS
TOTAL BETA MW=6.5’4’lQlE+91
TOTAL SAPHA “d=4.54536E+Ol
T3TAL 13ETA+GA~YA ‘4W=l.~9k43E+32

(MULTIPLY ‘4EV/F qv 1.32416E+01 TI GET ~Ul

***TA9uL4Q VALUES AQF GIVFq 4S FQA?TIINS OF ALL NUCLIOES***
NIJcL~DE OENSITY ~lJaI~s qETA ~EV/F GAMqA PIEV/F B+G MEVtF

z A S
359R 83 0 305?157E-’Y5 1.001~~E-O? ?.?>Q34E-04 7.22516E-06 1064526E-O4
35BR 84 0 1.52133E-64 1.974’35’+-03 ?.342’17F-03 3.24625E-03 2.79577E-03
359R 85 0 1067913E-O7 ?02Q177E-9? ?.?59?6E-03 1.46496E-04 102O416E-O3
36KR 85 1 1.59691E-05 ?.??5Q~F-9? !30?359?F-04 4021358E-04 4072291E-04
359~ 95 0 3.95245E-99 1.59a99F-93 2.Qn4f3?E-03 5.53817E-03 402b558E-03
358R 86 1 2.74561E-~~ lo~alQQE-’3? 4040?54E-03 2.36120E-03 3.37979E-03
35~R 87 0 9.Z239hE-Oq 3.9~509E-03 9.25745!-03 6.62822E-03 7.43999E-03
36KR 87 0 U.97645E-94 ~.5?65a:-03 6.144qOE-03 3.62408E-03 4.9@O02E-03
35BR 88 0 2.63230E-’3Q ?.89’3qRF-3~ 1.lq776E-02 7.23361E-03 9054748E-03
36KQ 89 0 2.91355E-05 4.56~lqc-’33 106??97F-O3 10434OOE-O? 8000379E-03
359R 89 0 30535q5E-13Q 1.~9~Q%c-O? 5.~?~15E-03 3071985E-03 405171qE-03
36B(R 99 0 6.75754E-07 9.37667C-03 1.034vqE-02 1.70790E-02 1.3725?E-02
359R 90 0 2.9104?E-I9 4.?75495-’34 1.42?91E-03 9.78480E-04 1.20295E-03
361(R 90 0 1.09392E-~T 7.95?9~E-93 ao4935qE-03 1037596E-O2 1.15892E-02
36KR 91 0 1.74700E-3’ 40719495-03 102199’)E-02 3037484E-03 7.72411E-03
36KQ 92 0 5017751E-10 6.4134nc-94 1.5131~?E-03 4.9139BE-04 1.03~58E-03
361(R 93 0 6.67f097E-11 1.235?75-94 3.3Q041E-04 2.48994E-04 2.93860E-04
53 1131 0 1.7f)5R9E-~3 5.77’l~5c-03 1.96547=-03 2.22021E-03 lo444134E-03
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53 113?! o 3.10291E-O5 q.95516F-03 404?924E-03 1.96052E-02 1.21435E-02
53 1133 0 4.35304E-’I~ 1.3$630F-9? 5.6729?E-03 8.08696E-03 4088413E-03

54XE133 O
53 1134 0
53 1134 1
53 1135 0
54XE135 o
54XE135 1
53 1136 0
53 1136 1
53 1137 0
54KE137 O
53 1139 0
54XE139 O
53 1139 0
54XE139 O
54XE140 O
54XE141 O
54XE142 O

TCITAL GAS

TOTAL FD

TOTAL GAS
FRACTIONS

2062797E-03 1.351.?7C-9? lo371’J17E-03 1.08763E-03 1.22841E-03
2.04377E-n5 1.5?7’21!-99 1oO454OF-O2 3.89974E-02 2.47917E-02
8.f37752E-9Q Q.55960F-04 9. 3.01382E-04 1.512L9E-04
1.29049E-04 1.~?g41E-02 5.01?44E-03 1.94101E-O2 1.17347E-02
4.L7229E-25 ?.979413E-03 9.15141E-04 7.67477E-04 8.41548E-04
9.01734E-07 ?.?Oq5~F-93 0. 1.20?OOE-03 6.O31O4E-O4
2016249E-07 5o123~4E-93 1.13~70F-02 1.33955E-02 1.22204E-02
7.31844E-nn 3.5D753E-03 5.91544E-03 6081906E-03 6086708E-03
6.25244E-09 5.Q7’35QC-93 9.00455E-03 1.19761E-02 1.04955E-02
1.17799E-06 1.201545-0? ?.?CIllqE-02 Z.31865E-03 1.21307E-02
5.3$376E-03 2.3!319?E-03 4.Q5Q6?F-03 6.14250E-03 5.50?81E-03
4.4545?E-06 1.??q9?F-02 9.94351F-03 1.45132E-02 1.12897E-02
5.363I39E-10 5.75?80E-06 9.154Q~E-L)4 1.z8365E-r)3 1010027E-03
1.62425E-’37 Q.44Q1?E-03 1.4Q931E-02 8.66133E-03 1.27179E-02
3.34424E-~q 5.77937E-03 5.04590E-03 7.78160E-03 6.42951E-03
3.69564E-1’I 5004Q90E-04 7.8a74~E-04 1.13295E-03 9.61960E-04
4.93516E-11 Q.31478F-05 1.01725F-04 1.62517E-04 1.3?.228E-04

2.16424E+nZ? 9.I0897E+09 Q.771?IE-01 1.24721E+O0 2.22433E+O0
1.34Q3~E+Ol (RAOTOACTIVE G~S OE~SITYl

1039OOOE+O3 1.10794E+IO 4.Qq347~+O0 5.01853E+O0 1.00020E+01

10557O1E-21 1.90341E-01 1.Q507?E-01 2.48520E-01 2.22393E-01
9.70779E-I?? (PAOIflACT!VE FR4?TI~N OF TOTAL Fp)

N03LE GAS
FRACTIONS 104R389E-O1 ~.5n511F-02 9.71795E-02 9.11393E-02 9.414133E-02

4.04430E-03(N08LE QAOTIACTIVE GAS FRACTION OF TOT4L Fp)

TA9LC ?-TV

TMIO IJNIT 2, 22-STEP DIWFQ !+ISTl?Ys FULL CORE CALC.9 CINDEQ-10(LASL) 7/79

CINTCNT 9C Yg9LE GASES ANO HALOGENS
(EXCEE91NG 1.3900!)E-OZ PERCENT OF TOTAL GAS)

TINE STEP 25
ELAOSEO TI”E=2.933TQC+97 SEC
C~f’JLING TI~E=l.00011’)E+!Jl SEC
T13TAL ACTIVITY=3.R?6%?F+?9
CUQIEs IN ALL FP. 1.9~9~7C+10

IN 6LL GAS= 1.a5710E+O?
IN HAL2GENS= 907QQ55E+I19

IN NC19LE G4S= 9oqT141E+f3q
TCITAL BETA ~EV/FIR$.4.34Q~4~+Of3
TOTAL GAYMA 14EVIFTS$=6.561Q4?+O0
T(ITAL BETA+GAM~&=Q.Qll10E+90
FQACTION cF TIYTAL~ TN CAS OQID’JCTS

9ETA FQACTIO’t=l.q50~lF-51
GA4?A FRACT13V=? .5Q5?7F-01
TOTAL FRACT17V=?.??4Q4C-01
FRACTIONAL OFNSTTY ALL 5AS=1.557!11E-01
OENSITV f3F I?AOTIACTIVE 7AS=9.7975~E-03
F?AcrIIJNAL Gd$ ACT[vTrY.1.Q1301~-01



T!JTAL 8ETA PIW=5.75Q19F+31
TOTAL 5A~~4 “’d=4.96q74F+ol
TUTAL BETA+GA’4VA ‘4W=I.1YQQ9C+32

(MULTIPLY ~EV/F 8Y 1032416E+O1 T~ GET ‘W)

*4*TABUL
NUCLIOE

z A S
359R 83 0
353R 94 0
353R 85 0
361(R 85 1
359R 96 0
359R 85 1
359R 37 0
36KR 97 0
358R 89 0
3bKR 98 0
359R 39 0
36Ki? 89 0
359R ~o o
36!(R 90 0
361(R 91 0
3bK~ 92 0
53 1131 0
53 1132 0
53 1133 9
54XE133 O
53 1134 0
53 1134 1
53 1135 0
54XE135 O
54XE135 1
53 1134 0
53 1134 1
53 1137 0
54XE137 9
53 1138 0
54XE138 O
53 1139 0
54XE139 O
54XE140 O

4R VALUES AQE G[VEN 4S FRACTTnN$ OF ALL NUCLIOES***
DENSITY CU?IES 8ETA ~EV/F GAHMA fiEV/F 8+G MEV/F

3.68153E-96 1.07906E-03 3.79022E-04 7.94821E-06 1.84664E-04
1.5Z1?5E-94 2.01907E-03 2.AQ343F-03 3.57085E-03 3.13773E-03
1.b6804E-13~ ?.45303E-03 2.5~300?-03 106OO94E-O4 1.342b3E-03
105968OE-!)!J 2.50727E-!33 5.99Q39E-04 4.63529E-04 503O1O1E-O4
3081512E-09 1.75661E-03 3,35034E-03 5.98078E-03 4.62136E-03
2.09176E-OQ I017715F-03 3.9440QF-03 1.97894E-03 2.86926E-03
8.6~F3ZOE-13R 3.947’53E-O? Q.Q2~37E-03 6.87607E-03 7.97480E-03
9.97494E-05 4.Q8421C-!3? 7.01Q59F-03 3098614E-03 5.47647E-03
2.03175E-09 3.?3597E-03 1.05047:-02 6.14211E-03 9.27134E-03
2.81300E-09 7.0670BE-03 1.85Q27E-03 1.57722E-02 8.Q8176E-03
1.44290EA39 9.lIQQQE-94 ?.41Q25E-03 1.62399E-03 2.O121OE-O3
6.63260E-97 8.?15981F-!33 1.16375E-02 1.84409E-02 10512O4E-O2
2.16449E-11 3.4?5~?E-05 1.21755E-04 8.00479E-05 1.00409E-04
‘7.64223E-9q 7.55971E-03 9.497413E-03 1.33422E-t)2 1.14657E-(j2
1.98327E-Oa 3.153175-9? lofiO?7~F-03 2030210E-03 5037721E-03
5.40130E-11 7.4?390F-05 lo9~07*E-04 5.63947E-05 1.2L153E-04
1.70599E-O? 4.?189qE-03 1.?257QE-03 2.44242E-03 1.84619E-03
3.10279E-95 9.55199E-’33 5.334?9E-03 2.15674E-02 10362’3QE-O2
4.35302E-~4 1.47714?-9? 6.799134F-03 8.89634E-03 7.72679E-03
2.62797E-03 1.4550?E-02 1.54999E-03 1.19648E-03 1.37877E-03
2.04354E-Q5 1.63974?-0? 1.l~9t3SE-02 4028957E-02 2078121E-02
8.7f3822E-Oq 1.0?OQ5F-03 0s 3.25224E-04 1066493E-O4
1.29035E-04 1.37~3QE-O? 5.74?77F-03 2.02505E-02 1031698E-O2
4.17409E-95 3.~O?92:-03 1.0501’9E-03 8.44659E-04 9.44972E-04
9.009Q3E-f)7 ?.4R544C-03 O. 1.32120E-03 6076367E-04
2.10959E-n7 4.~~~4qE-Q3 1.>3371E-02 1.43757E-02 1.33807E-02
6.71122E-!)q 3.54071E-03 7.254?2E-03 6.87896E-03 7.067Q7E-03
5032477E-OQ 504R145E-93 q.79690E-03 1.12200E-02 1.00325E-02
1.156J4E-94 1.?91~~E-92 ?.49591E-02 2.5Z508E-03 1.34789E-02
3.37957E-9Q 1.31432E-03 ?.Q5577E-03 3.58761E-03 3.27921E-03
4.43513~E-’l6 1.?lQ47E-~? ?.1777?F-03 1.58987E-02 1026194E-O2
9.49237E-11 1.90054:-!)4 1.~5443E-04 2.49637E-04 2.18306E-04
1.46911E-07 9.?Oq77c-133 1.T4144E-02 8.61812E-03 1.29113E-02
2.46357E-Oa 4.587?9=-’33 4.?749GE-93 6.30613E-03 5.31531E-03

TQTAL G4S 2.lb424E*~? 10967IOE+’39 9.4q411E-01 1014321E+OO 1.9916?E+O0
1.34934E+nl (PAOI17A:TIVE GAS f)F~SITY)

TOTAL FP 1039OOOE+O3 1.9?9?7E+1O 4.34924E+O0 4.56194E+O0 8.91119E+O0

T9TAL GhS
FRACTIONS 1.55701E-01 1.91301E-01 109597IE-O1 2.50597E-01 2.23494E-01

9.70765E-f)~ (s4~?14:TIVE F~4CTTlN OF TOTAL FP)

N09LE GAS
FRACTIONS 1.4?39~E-~1 ~.5QQ~qF-O? Q.7993TE-02 9,13966E-02 9.46064E-02

4.04423E-~3(~nBLE QA!)I’!&CTIVE GAS FRACTION OF T9TAL CO)
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TAgLF c-v

Tr’?[, UNIT 2, 22-STEO o~WFQ I+ISTgQYs FULL CfJQE cALc., cINDER-10(LASL) 7f79

C’lVTFVT IF Vf19LE $A5ES AND HALOGENS
(EYCEE91NG 1.3000CIE-()~ PEQcENT OF TOTAL GAs)

TIME STEP 26
ELAOSEIY TI~E=.2.93370E+07 SEC
COOLING TIME=4.00’3~OE+Ol SEC
TOTAL ACTIVITY=302~417E+?0
CURIES IN ALL FP= 9.79505E+09

IN ALL GAS= 1.57?08E+OQ
IN HALDGENs= S.4R583E+09

IN N~9LE GAS= P.?3493E+09
TOTAL BETA ~EV/FISS’=?.10255E+O0
T13TAL GA~HA MEV/F?SS=3.7146~E+O0
TOTAL BETA+GAMtiA=7.!)177?E+130
FQACTIgN OF TfTTALS TW GAS OR’30UCTS

3ETA Fractional.94439E-91
GAMMA FRACTI~N=?.52049F-01
TOTAL FRACTI~N=2020229E-01
F?ACT15NAL DENSITY ALL GAS=I.55700S-01
OENSITY OF Pa9114CT7VE GAS=9.707!35E-03
Factional GAS acTrvITY=l.90116E-01

DECAY POWER IN ~W CflQ ALL Go TS
TOTAL BETA *W=4.3731OF+’31
TC)TAL GAPqA M’J=4.919133E+01
TOTAL 3ETA+GA9’J14 ~V=9.7?193F+91

(~ULTIpLY ‘4EV/F By 103?416E+O1 Tf3 GET NW)

+**TAB(JLaR vALIJEs AQF GfVEN AS CQACTTIYNS OF ALL NUCLIOES***
NUCLIDE OENSTTY CUQIES 9ETL ~EV/F GAN!lA ltEV/F B+G qEVtF

z A S
359R 93 0 3068075E-95 10261I1E-O3 4097191E-04 9.75899E-06 2.34455E-04
359R 84 0 1.51969E-05 ?.?5q19E-03 3.53029F-03 4.38081E-03 3.98052E-03
353R 84 1 5094493E-59 4.!3QQ3?5-!)5 5.21994E-05 1.43461E-04 1.OO51OE-O4
353R 85 0 1.56901E-07 2.4Q771C-03 3.19Q71F-03 1.84937E-04 1.6037QE-03
35KR 85 1 1.59b71E-95 ?o031?OE-03 7.QO132?E-04 5.69217E-04 6.73135E-04
3539 36 3 2.92957E-Oq 1.5~559E-93 *.335?4F-03 5,54393E-03 4.50492E-03
353R 96 1 5.84707E-10 3.94704E-94 1.41509E-03 6.79340E-04 1.02561E-03
353? 87 0 6.08783E-99 3.2301~E-03 8.?2391E-03 5.9102OE-O3 6.99911E-03
34KQ 87 0 8095141E-9% 5.81951E-93 9.?5693E-03 4.E879tE-03 5.94409E-03
359Q 39 0 5.4Q529E-nQ Io13?37RE-93 3.7416~F-03 2004016E-03 2.84096E-03
36K3 98 0 2.80f369E-Q~ 9.?40~lE-03 2.4447QE-03 1.93399E-02 1.13895E-02
36KQ 89 0 5.95674E-97 90301qqF-03 1037641E-O2 2.03393E-02 1.72448E-02
36<2 90 0 5.06623E-?q 4.543015-03 5.5717’)E-03 8.60921E-03 7.65029E-03
36UQ 91 0 9,9z434E-19 3.377415-94 1.!)379?E-03 2.5901OE-O4 6m2559?E-Oft
53 1131 9 lo70593E-~3 7.?5Qqq!-93 1.4’376’3E-03 2.99950E-03 2.34447E-03
53 1132 0 3.10274E-O5 1.11675E-02 6.9q528E-03 2.64861E-02 1.730!14E-02
53 1133 0 4.352?5E-04 1.73115E-99 9.5$900E-03 1.09253E-02 908121OE-O3
54xE133 O 2062799E-03 107O231E-O2 2.06757E-03 1.46939E-03 1.75091E-03
53 1134 0 2004229E-!15 1.91594E-52 1.57915E-02 5.26475E-02 3.52971E-02
53 1134 1 7.90897E-9f! 1.0S40QE-03 0. 3.62745E-04 1.92025E-06
53 1135 0 1.213945E-94 1.61043E-’3? 7.$5761E-03 2.485Z1E-02 1.67127E-02
54XE135 O 4.18313E-’35 3.7%175E-0~ 1.3q603E-03 1.03956E-03 1.20262E-03
56XE135 1 8.Q7271E-07 2.R~3A9E-9? 9. 1.61586E-03 9.55381E-04
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53 1136 0 1.77671E-07 4.3378nE-03 1036qa5E-02 1048688E-O2 1.43109E-O2
53 [136 1 4.35168E-9Q 2.6n42?E-03 6.?2482E-03 5.4778LE-03 5.81997E-03

53 1137 0
54XE137 O
53 1139 0
54XE138 O
54XE139 O
54XE140 o

TOTAL GAS

TOTAL Fp

TOTAL GAS
FRACTIONS

2.29742E-Oq ?.76506C-133 4.99?6QE-03 5094512E-03 5.496!38E-03
lo092E9E-Q~ 1.G0441c-f3? 300~147E-02 2.90649E-03 106O43OE-O2
1.39OO3E-10 6.29604E-95 1059991E-o4 1.79960E-04 1.70091E-04
4.33?04E-0% 1.5054tE-97 1.19036E-02 109O679E-O2 1.56491E-02
8.79587E-9!l 4m43879E-03 1.37153F-02 6.32954E-03 9.80552E-03
5.33984E-9Q 1.16?4QE-03 102?959E-O3 1067863E-O3 1.46334E-03

2.16424E+O? 1.672013E+’39 4.09115F-01 9.36279E-01 1.54539E+O0
1.34929E+01 (QA~If)A5TTVE tA$ DFNSITYJ

1.39000E+03 ~07Q595E+09 3.39?55E+O0 3.71ft68E+O0 7.01722E+O0

1.55700E-01 1s9!)1165-51 1.94438E-01 2.52049E-01 2.20229E-01
9.70705E-03 (QA!)I!14CTIVE FQACTION OF TOTAL FP)

NOBLE GAS
FRACTIONS 1.483B9E-01 Q.3631~E-92 9.49904E-02 8.83396E-02 9.14179E-02

4.04389E-0~(Nn9LF Q40TIACTTVE GAS FRACTION OF TOTAL FP)

TA!lLE C-VT

TnI, UNIT 2s 2?-STEP o~UFQ HY$Tq?yo FLJLL COQE CALC.S CINDER-10(LASL) 7/79

C9NTFNT OC No9LE G4SE5 ANo HALoGENs
(EXCEEOING 1.30000E-C)2 PEQcENT oF ToTAL GAs)

TIWE STEP 27
ELAPSED TI~E=2.9337QF+07 SEC
COOLING TI~Ex1.00900E+02 SEC
T~TAL ACTIVITY=2.Q70Q7E+70
CURIES TN ALL FP= 7.Tq?31E+Oa

IN ALL GAS= 1.G5754:+9?
IN HAL9GENS= 7.54174~+13?

IN N09LE GAS= 7.0315?E+09
TOTAL BETA ~EV/FISR=?.66052E+O0
TOTAL GAU’4A YEv/FTSS=301013Q2E+f30
TOTAL BETA+GA!4’4A=5.759Q4E+O0
FRACTION OF TOTALS TN GAS PQ7DIJCTS

qETA FRACTIOV=l .5Q4Q9E-!31
GAMtiA FQACTI~N=?.5?515F-01
TOT4L FQACTII’’J=?.14775E-O1
Fractional DENSITY ALL 34S=1.557130E-01
oENsITy gF Q&~Tl&CTT\/E 7A$.Q070553E-03

FRACTILiNAL GAS 4C71V1Ty=l.87Z54E-91

OECAY POUER IN ~U FnQ ALL Fp !S
TOTAL 3ETA XW=3.5??2~EW31
T5TAL GAU”A “4=foo1167?c+51
TOTAL BETA+GA~~A WU=7.63Q91E+01

(~ULTIPLY ~EV/F BY 1.??414E+01 TCl GET ‘W)

;**TABuLAR vALuEs tQE GKVEN AS FQACT?qNS of ALL NUCLIOES***
NUCLIOE DENSTTY cu?rEs 96TA ~Ev/F GAMuA MEv/F B+G YEVtF

z A s
35BR 93 0 3067601E-94 1.4?343C-03 6.040Q4E-04 1.16455E-05 2.$34819E-04

35E)R 84 0 1.5123$E-06 ?.651q3E-03 40311182E-03 5.20907E-03 4.81B41E-03
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359~ 94 1
35BP 85 C
36<Q 95 1
359R 85 0
359R a6 1
353R 97 0
36<R 97 0
359R 98 0
36KR 39 0
36KR 89 0
36{R 90 0
53 1131 0
53 1132 0
53 1133 0
54XE133 O
54xE133 1
53 1134 0
53 1134 1
53 1135 0
54XE135 9
54xE135 1
53 [136 O
53 1136 1
53 1137 0
54XE137 O
54XE138 O
54XE139 O

TOTAL GAS

TOTAL FP

TOTAL GAS
FRACTIOVS

5.?9637E-9~ k.Q??lfIE-05 5.77375E-05 1.52712E-04 1.08920E-04
l,?9750E-n7 ?.57107E-93 ?.?q541E-03 1.82747E-04 1.61336E-03
1.59b04E-95 3o?1OQ7E-O3 9.n945?E-04 4.79848E-04 8.18455E-04
1.46212E-0~ 9.9Q3Q6E-04 2.06R07E-03 3.30711E-03 2.73590E-03
4.77013E-11 3.5$444C-!)5 1.43331E-04 6.62202E-05 1.01776E-04
.2.3’9033E-33 1.73?7%F-93 4.94@46F-03 3.35331E-03 4.04271E-03
!3.91199E-~~ f..5?q~?E-O3 10167Q~F-02 5.80904E-03 8.39997E-L)3
4.O1813E-10 q.45477E-05 3.3Q577E-04 1.78242E-04 2.52679E-04
2.79763E-n5 a.?q54QF-93 3.5?~3RF-03 2.30171E-02 1.37981E-02
4.79352E-07 ?.46’3Q7F-’3? 1.37?33E-02 1.95162E-02 1.68451E-02
1.397Q6E-~’7 1.4470~?-03 2.75139F-03 2.83846E-03 2.56777E-03
1.705QQE-93 q.?14QOF-9? 1.QQ504F-03 3.58394E-03 2.85177E-03
3010Z63E-n5 1.~41~qE-~? q.A77?7E-03 3.16457E-02 201O529E-O2
4035275E-04 1.a4479F-02 1.06?7?E-02 1.30534E-02 1.1Q347E-02
?,4Z7’?9E-03 1.0?359?-0? ?.5469QE-03 1.75569E-03 2.12977E-03
4.34799E-95 7.5~9Q4E-CJ4 9. 1.96887E-04 1.O61O4E-O4
2003934E-?5 ?.151q5F-’)? I09545?E-02 6.28144E-02 4.29725E-02
6.52379E-~q 1001047C-53 0. 3057514E-04 1092657E-O4
10?872~E-94 1.Q1472E-5? 9.3474?E-03 2.96446E-02 Z.C12949E-02
4,?O115E-95 4.?577nF-!13 1.7?8?4E-03 1.24746E-03 1.46914E-03
4.9005?E-?7 3.742755-03 Q. 1.91517E-03 1oO321OE-O3
1013397E-I37 4.57937E-’33 1.0q411F-02 1.13391E-02 1.11194E-02
1.d2265E-Oq 10275?7C-03 30?39Q5C-03 2.75188E-03 2.97646E-03
6,Z3674E-~9 5.76197E-04 1.14317E-03 1.30998E-03 10233I34E-O3
9,29227E-07 1.34796F-02 3.24QT9C-02 2.94955E-03 1.65741E-02
4.12579E-05 1.670105-0? 1.3Q570E-02 2.16984E-02 1.812~9E-02
3.13@41E-’3q 2.59~Q6E-93 5.!M254F-03 2.70152E-03 4.26054E-03

2016423E+f19 1045754E+59 4.53859E-01 7.88158E-01 1.23903E+O0
1.34914E+~l fQADX5ACT?VE G4S OFNSITY)

l,39000E+Oa V.78331F+OQ 2.65f10?F+O0 3.10892E+OO 5.76894E+O0

1.55700E-91 1.87264E-01 1.5049$IE-01 Z053515E-01 2014775E-01
9,70493E-O? (QADIgACTIVF CR4CT19N OF TOTAL FP)

NOBLE GAS
FRACTIONS 104~313@E-91 9003423E-02 q.9??6”E-02 8.44963E-02 8062625E-02

4.04332E-31(VlqLE R401’YACTTVE GAS FRACTION OF T5TAL F~)

TAqLE t-VrI

THI, UNIT 2, 22-STEP D~wCQ ~l~rn?~. FULL CqRE CALC.s CINDER-10(LASL) 7/79

:nk4T~VT IF NnqLE S45ES 4ND HALOGEVS
(EYCCFi)INZ 1.YOO03E-O? OEQCENT OF TOTAL GAS)

TI~E STEP 29
ELAPSED TIME=2.933S?E+07 SEC
COf3LIVG TI”E=4.33’39’JC+97 ?FC
TOTAL ACT IVITY=2.3~q30E+?9
CURIES IN ALL FIY= 6.413?m?F+09

IN ALL GAS= 1.19754E+13?
IN HALDGEVS= 5.57455?+04

IN NtJ9LE GAS= 5.34f)91E+oq
T5TAL 9ETti ~EVtC155=l.qQ3~3F+f)9
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FRACTIPN OF TOTALS TV S4S OQIDIJCTS
9ETA FQACTl?’4=1 .4eO?lF-’)l
G4~’4A FRACTII?’J=’.7I311E-O1
TCITAL FRbCTlnN=7.l~4?4F-ol
F?AcTIDNAL L)C’/STTY ALL %AS=l.556Q~E-01
DENSITY OF RAOIIACTTVF 3AS=3.70724F-03
FQACTIqNAL GA< AC71VTTV=1.87!)91E-01

●**TARULAQ VALUES AQE GTVEN h< FR4CTIf)NS OF ALL NUCLIDES***
NUCLIDE OENSTTY ~lJ~ r~~ 9ETA ~FVIF GAMMA MEVIF

z 4 s
B+G *Ev/F

353R 93 0 3.62514E-05 1.706~2E-03 Q.41326E-04 1.5Z109E-O5 3.82994E-04
353Q 64 0 1.4232QE-~5 3.03673E-O? 5.7Q77~F-03 6.49314E-03 6.19335E-03
359R S5 O 4.90731E-~R 9.46725E-04 1.432R~E-03 7.47501E-05 6.7939?E-04
36KR 55 1 1.5?495E-n~ ?.9977!3E-5~ 1.?7499E-03 8.94130E-04 1.1OE16E-O3
35BR 97 0 6035957E-19 5.07401E-05 1.44945E-04 1oO6926E-O4 103Z711E-O4
36K2 87 0 80541B7E-11~ 7.62064E-93 1.56T0’?E-02 7.37332E-03 1.09783E-02
36<Q 89 0 2.74955E-05 1.106O6E-O2 4.19?6’5E-03 2.9E640E-02 1.84307E-02
36KQ 89 fl 1.59751E-~7 3.42774E-O? 5.47*39F-03 B,63240E-03 7067073E-03
53 1131 0 1.705Q~E-93 ~.94927E-03 ?.91qQ?F-03 4.74696E-03 3.88R59E-03
53 1132 0 3.10299E-~5 1.53415E-02’ 1.2?45?E-02 4.19071E-OZ 2087018E-02
53 1133 0 4.350Q9E-n4 ?.363~8E-O? 1.5302?~-02 1.72822E-02 1.62671E-OZ
54XE133 O ?.62900E-~3 ?.3390RE-O?! 3.625?76-03 2.32542E-03 2.9041LE-03
54XE133 1 4.34799E-?i5 aOl~’)4?E-!14 O. 2.60770E-04 1.44676E-04
53 1134 0 2.131?02E-05 ?.50007E-92 2.73?q6E-02 8.22869E-02 5.78197E-02
53 1134 1 2.4Ql15E-nQ 4.6Q1Q4E-94 0. 1.80819E-04 1.00319E-04
53 1135 0 1.27606E-04 ?.lqQa3c-9Z! 1.31137E-02 3.89Z15E-02 2.7432f3E-02
54XE135 o 4.299Q5E-95 5.?847?E-133 ?.49?29E-03 1.68717E-03 2.04561E-03
54XE135 1 3.57675E-’I7 3*q9’)qq5-13 9* 2.44435E-03 1.35614E-03
53 1135 0 9.39705E-OQ 4.505Q3E-134 1.?5q9$E-03 1.Z4455E-03 1.25542E-03
54XE137 O 3.79252E-07 6.67QQ5E-03 1.?79?3E-02 1,59196E-03 9.20942E-03
54XE138 O 3.232?~E-~% 1.5433RE-O? 1054421E-O2 2.25155E-02 1.93654E-02

TOTAL GAS 2.16422E+~9 101975aC+09 ?.7RQ07F-01 6.36836E-ol 9,1564~E-ol
1.3~861E+!31 (~AoIqhc71vE sas DE~SITY)

TOTAL FP 1.39000E+OI 5.490q7C+9Q 1.qq3~3E+O0 2.34725E+O0 4.23079E+O0

TOTAL GAS
FRACTIONS 1.55599E-01 10970915-’11 1.4q923F-01 2.71311E-01 2.16424E-01

9.702?6E-03 (0491qACTTVE FQ4CTTON OF TOTAL FP)

NC19LE G4S
FRACTIONS 1.49399E-01 q.343Q~c-Q2 4.7Q?35E-02 7.77154E-02 7.33116E-02

4.041313E-t33(Wa9LF QA91OACTTVE GAS FRACTION OF TOTAL FJ)
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TA~LE C-VIII

TMIo UNIT Z, 22-STEP 9WEQ ~ISTIQYS F’JLL C’TQE CALC., CINDER-10(LASL) 7179

CnNTENT 9F Nf3!3LE GASES 4ND HALOGENS
(EYCFEnTNG 1.30000E-OZ OEQCENT OF TOTAL GAS)

TI~E STEO 29
ELAPSED TI~E=Z.933QnF+07 SEC
COOLING TI~E=l.00’?O?F+03 SEC
TOTAL ACTIVITY=Z.041LOF+29
CURIES IN ALL FP= 5.5154QE+O?

IN ALL GAS= 1.07?19F+O?
[N HALCIGENS= 6.303?+5+09

IN NDBLE GAS= f+.327J3QF+3q
TOTAL BETA NEV/FIS~=l.6704?F+O0
TOTAL GAYHA MFV/F?S~=l.93313E+O0
T5TAL BET A+GAMHA=3.40~56E+O0
FRACTI!IN gF TOTALS TN GAS PRCIOUCTS

8ET4 FRACTIOU=1046081E-01
GAY?44 FRAcTInN.~.97667E-o~
T5TAL FRACTION=2.3?1713E-01
Fractional OEN~ITY ALL ;AS=I055699E-01
OENSITY OF PAl)TnACTIVE SAS=Q.6’4523E-03
Fractional GAS &CTtVITY=l.9~359E-01

DECAY POWER IN *U ~nQ %LL CO TS
TOTAL BETA d’d=l.94799E+Ol
TOTAL GAMMA ‘V=Z.55977F+OI
TOTAL 9ETA+GAY~A ~U=6.556q5E+Ol

(MULTIPLY f4EV/F Sv 1.37415E+01 TO GET W)

+**TAOuLAR vALuEs 9QE GTVEN AS FQAcTllNS OF ALL. NUCLIDES***
NUCLIDE OENS~TV ~(JQIE’j qET4 MEV/F GAMMA !lEV/F B+G qEV/F

z A S
359Q 93 0 3.50053E-05 1.91?53F-03 1.04967E-03 1.78351E-05 4.597Z9E-06
35I3R 84 0 1.17331E-06 ?.903QOE-03 4.l?ft?7E-03 6050Z16E-03 6.33890E-03
36KR 85 1 1.54809E-55 4.53907?-93 1.7?034E-03 1.06050E-03 1.34554E-03
36KR 87 0 7.7Q7~4E-9S q.O??lqE-03 1.99913C-OZ 8.17315E-03 1.24591E-02
36KR 88 0 Z.52978E-95 1.23150E-02 5.14115E-03 3.47960E-02 2.19843E-02
36KR 89 0 1.79152E-’)Q 4.43559E-94 90245!)7E-04 le16897E-03 1.06340E-03
53 1131 0 1.70587E-na 1.15~O~E-O? 3.4117R2E-03 5.76380E-03 4.133365E-03
53 1132 0 3.1OO89E-O5 1.77939E-OZ 1.54793E-02 5.08649E-OZ 3.56637E-02
53 1133 0 4.34336E-’)4 ?.7399?C-O? 1.91831E-OZ Z.09476E-OZ Z.01853E-02
54XE133 O 2.4Z505E-9? ?.7I41OE-!)? 40643EZE-03 Z.8Z364E-03 3.41OOOE-O3
54XE133 1 4034758E-175 l.?%~l~~-~? O. 3.16620E-04 1.79831E-04
53 1134 0 le94751E-f.Y5 7.QI?E6E-9? 3.37997E-oZ 9.64716E-OZ 6.93956E-02
53 1135 0 1.25337E-54 ?.4Q649E-07 1.65957E-02 4.64376E-OZ 3.3506ZE-02
54XE135 O 4.46148E-’I5 6.37949E-!33 3.3?912E-03 2.13052E-03 2.64446E-03
54XE135 1 q.07675E-9v ~.1539qc-93 g. 2.79497E-03 1.58745E-03
54XE137 0 6.??084E-OQ 1.?7451E-53 3.93994E-03 3.17907E-04 1.88273E-03
54XE138 O 1.99?93E-9A ?.0Q014F-5? 1.?1406E-OZ 1.67798E-OZ 1.47755E-02

TOTAL GAS Z.164ZZE+9? 1.07912C+9Q ?.1499?E-01 5.75429E-01 7.90Z31E-01
1.34773E+01 (QAOT9ACT~VE GAS DEUSITY)

TOTAL FP 1.39000Ftf13 9.51$4?F+09 1.4704.3E+O0 l,933_13E+09 3.4.0356E+O0



TOTAL GAS
FRACTIONS 1055699E-91 1.9435QE-01 1044O81E-OI 2.97667E-01 2.32178E-01

9.49623E-93 lQA9TnACTIVE I=Q4CTION OF TOTAL FP)

NOBLE GAS
FRACTIONS 1.48392E-’31 ?.9453QC-O? 4.90797E-OZ 7.04828E-02 6016031E-OZ

4.03924E-03(N19LE Q&Dt~ACTTVE GAS FRACTION OF TOTAL Fp)

THIs UNIT 2S 22-STEP ‘nQEQ HISTn~Y, FULL CCIQE CALC.S CINDER-10(LASL) 7/79

CnNTENT OF Nq9LE GASES AVO HALOGENS
(EYrCFfJING 1.70000E-’3? OEaCENT OF TOTAL GAS)

TIHE STEP 30
ELAPSED TI’4E=2.93414E+07 SEC
COOLING TIME=3.40000E+03 SEC
T!ITAL ACTIVITY=l.57153E+20
CURIES IN ALL FP= 4.24504E+O~

IN ALL GAS- Q.?0610F+fJ~
IN !+AL~GENS= 5.77107E+9~

IN NOBLE GAS= 3.~3503F+Q~
TOTAL BETA AEV/FISS=9046?06E-01
TOTAL GbW*h MEV/FISS=l.3964?c+00
TOTAL 9ETA+GAM!4A=?.?73?3E+9’3
FRACTION CIF TOTALS IN 54S PQ?9UCTS

BETA FRACTICl~=l .5q336E-’)l
GAMMA FRACTInN=3.59191E-01
ToTAL FRACTIIV=?.780?t)F-01
FACTIONAL DENSTTY ALL :AS=l.55597E-01
f)ENsITY qF RAPI~ACTTVF 5AS=9.57117E-03
FRACTI!lNAL GAS ACTTVr7~=2.14816E-01

OECAY pfIWEQ IN ~W F~Q 4LL Fe T$
T~TAL BETA ~u=l.?q9?lE+>l
TOTAL GA~’4A ~W=l.7?Q91=+Ol
TOTAL 9ETA+GA*~A YU=3.O1OI?E+91

(~ULTI~LY ~EV/F qY 1.32414E+91 T5 GET W)

●**TA9LILAR lfALuEs A$?E GTVFN as FQAcTr13NS OF ALL NucLIOES***
NUCLIDE OENSTTV ?IJ?TFS qcTA bIEV~F GAMbIA ~Ev/F B+G VEVJF

z d s
359Q 83 0 2.Q2557E-96 ?.076~13c-Q3 1.3??77F-03 2.20555E-05 5.75250E-04
35EQ 94 0 4058489E-’J7 1.4735QC-93 3.53q24E-03 3075807E-03 3070711E-03
36KR 85 1 1.33474E-135 5s26553E-03 2034241E-03 104O365E-O3 1.80Z05E-03
361(R 97 C 5.25?19E-fiA 7.~67L~E-93 10Q53?~E-02 8014567E-03 1.256a?E-02
36KQ 99 0 2.19924E-05 1.?3qO~c-O? %05~Q13E-03 4.30586E-02 2075Z68E-OZ
53 1131 0 1.7c474E-9? 10506a4E-07 5049919E-03 8.52319E-03 7.Z3240E-03
53 1132 0 3,09386E-0~ 9.39657C-O? 2.37930E-02 7.50952E-02 5.32763E-02
53 1133 0 4.27733E-94 3.50319?-0? ?.Q73?4E-02 3.05Z53E-02 2.97629E-02
54XE133 O 2.52815E-03 3.5?434E-CJ? 7.f)5317E-03 4.17935E-03 5.40527E-03
54XE133 1 4.34647E-95 103o34QC-93 9. 4.65374E-04 2,6Q174E-04
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53 1134 c1 1.43?56E-55 ?091>9?6-0? 3.~55b~E-02 1.09943E-01 7.99500E-02
53 1135 0 1.16Z09E-04 3090625E-13? ?.3?661E-02 6.36842E-02 6.64943E-02

54XE135 o 5.1?7CJ4E-05 9.57473F-93 5.q9?93E-03 3.62286E-03 4.55004E-03
54XE135 1 6097992E-O? 4.66?Q7E-93 !3.
54XE139 O

3.57411~-03 2.05404E-03
2.3~255E-07 1.722?4F-9? ?.2?495E-03 2.99f+52E-03 2.66907E-03

T9T4L 5AS ?014419E+O? 9.?0615F+Oq 1.6974QF-01 4.69254E-ol 5.32002E-ol
103442QE+91 (QAD?IACT?VE GAS DENSITY]

TOTAL FP 1.39009E+’37 4.Z4434E+f)9 9.55905E-01 1.30642E+O0 2.27323E+O0

TOTAL GAS
FR4CTIDNS 1.55697E-nl ?.l~q14E-01 1.68?36E-01 3.59191E-01 2078020E-01

9.67117E-O? fQADI!JA:TIVE FQACTTIYN OF TOTAL FPI

NOBLE GAS
FQdcTIONs 1.48412E-01 Q.’)@9’37e-02 4.251E8E-OZ 6.76202E-02 5.69445E-02

4.03583E-03(NIBLE Q4f)IqACTIVE GAS FRACTION OF TOTAL Fg}

TA9LE C-Y

TP119 UNIT .2, L32-STED oa’4CQ l+T~TnQVo FIJLL ~nO~ CALCO, c1NDER-10(LASL) ?f?q

CIVTFUT OF Vn9LE SA5ES AND HALOGENS
(EXC=FOING 1.?0900E-02 BEQCENT OF TOTAL GAS)

TI’4E STE? 31
ELAPSED TI%E=2.93459F+97 SCC
COOLING T1ME=7.200’IOE+03 SEC
T~TAL ACTIVITY=10365’IOE+?O
CURIES IN ALL Fo= 3.5qQl@F+’39

IN ALL G4S= qol?*qOF+~Q
IN HAL3GEVS= 5.’3?752C+!)8

IN N19LE GAS= ?.l19?qE+9q
TOTAL ‘?ETA ~EV/FISS=7.40470C-01
T’JTAL GAYAA MEV/F1’S~=9.9Q050E-01
T5TAL BETA+GA~~A=l .74q6nE+O0
FRACT19N CIF TflTALS TN SAS BQ71)’JCTS

BETA FQACTION=l.59912E-91
G4Yf44 FRACTIlW=3.7774q=-gI
TOTAL FQACTI~U=>.q7051E-01
FQACTIC)NAL OENSIYY ALL 7AS.1.55$9aF-ol
OENSITY ~F P4~Tn4C7T’JE ?AS=90435?3E-03
FRACTIONAL GAS ACTIVIT~=?.20585E-01

DECAY PO’,4ER IN YW F~Q 4LL CD TS
TOTAL SETA ‘lV=l.019*5f?+91
TDT4L GA4”A ‘4’J=l.3??99E+C)1
T-ITAL qETA+GAww4 YU=7.a4~7~F+rJl

(’IULTIPLY ‘lEV/F qY 1.32615E+cII Tg GCT qu)

***TA9ULAQ VALUES &Q~ $lvE~ ~~ C04eT~~b4$ OF ALL NucLIDEs**8
NUCL19E f)ENs~TY ClfQTC~ qET& ~EV/F GAN~A MEVfF B+G YEVIF

z A S
353R 83 0 2.21555E-!J5 1.9’3QQQE-I’)3 1.?5971E-03 2.18416E-05 5.59977E-04
36KR 83 1 2.51311E-06 ?.64915E-03 5. 1.@3049E-04 1.03408E-04
353P 84 0 1.2397’?E-ft7 4.5Q545E-94 1.2~41qE-03 lo32.9~4~-fJ3 1.Z8954E-03



35KR 85 1 1.lR624E-n5 5.10161c-~? ?.51~235-03 1.57239E-03 1.~9434E-03
36KR 97 0 3.93?43E-25 4.7035QE-93 1.34725E-02 6.16Z65E-03 9.34305E-03

36KR 99 0
53 1131 0
53 1132 0
53 1133 3
54xE133 O
54XE133 1
53 1134 0
53 1135 0
54XE135 O
5ftXE135 1
54XE13E O

1.71694E-~~ 1.070*7~5-O? 5.41476F-03 4.39587E-02 2.74241E-02
107OO94E-5I 1.~?q15F-02 4.9Q944E-03 1.11Z06E-02 9.?7591E-03
3.09017E-!35 ?.64?9QE-02 ?.9754?E-02 9.77647E-02 6081791E-02
4.15f?53E-94 3.92~97E-’3? 3.51OOTE-O2 3089086E-02 3.71954E-02
2.b2SOlE-03 4.05q3qF-9? !I.Q7455E-03 5.46357E-03 6.94762E-03
4.34355E-05 1.5~l?4e-Fi7 ‘3. 6012066E-04 3.45769E-04
9.90370E-04 1.9913aE-9? ?.95319E-02 8.53423E-02 6olo6aoE-02
1.04599E-04 ?.l14a5C-13~ ?.63137E-02 7.49573E-02 5.37934E-02
5097744E-35 1.?5~~oE-92 9.35q7GF-03 5.43087E-03 6.70473E-03
6.20724E-07 4.77?7?C-Q3 9. 4015637E-03 2c34B02E-03
1.27Q15E-Oq 1.95Q7~E-IY4 1.49537E-04 2.09346E-04 1.133350E-04

TOTAL GAS 2016407E+O? qo13?’5E+99 1.30735F-01 3.76909E-01 5.07644E-01
1.33944E+01 (QAOT~A:TTVE GAS DENSITY)

TOTAL FO 1.39000E+07 1.4q91QE+09 7.4942QF-01 9.99050E-01 1.76B48E+O0

TOTAL GAS
FQACTIE3NS 10555P9E-9I 7.?05P5C-01 1.59a19c-01 3.77268E-01 2.97051E-01

9.43623E-93 (Q401nA5TTVE FQACTT~N OF TOTAL Fp)

NOBLE SAS
FRACTIDNS 1.48435E-nl 9.430RIE-O? 3.Q9C)35E-02 6.77751E-02 5.56053E-02

4.03400E-@l(N~qLC QADTOACTTVF GAS FRACTION OF TOTAL Fp)

TA9LE c-y!

TFIO UNIT 2P 22-STEP on’4cQ uI$T~?Ys FJJLL SI?QE c4LC.S CINOEO-10(LASL) 7/79

TI~E STEP 32
ELApSEC) TIMF=2.Q3~~RE+07 SCC
COOLING TI~E=l.80f)~nc+n4 SEC
TOTAL ACTIVITY=l.13097E+?9 *
CUQIES IN ALL F~= ?.054GIC+9?

IN ALL GAS= ~055?47C+09
IN HALgGFNS= 1.Q7156E+09

IN Nl_JqLE GAS= 9.5qa91E+f3q
TOTAL BETA YEV/FISe=5.51$17c-01
T9TAL GAYYA ~FvlFTf~=7.91774C-91
TZITAL 3ETA+GAM~A=l.?5?q5E+O?
FRACTION OF TOTALS TN GAS POln’lCTS

BETA FQ4CTIUN=1O%IR67F-I31
GAMYA FQACTIlN=3.539q4F-91
TgTAL FRAcTI~N=?.4Q1365F-91
FRACTIONAL DFNSTTY 4LL 5A$=1.55554F-01
DENSITY OF 2AnTnACTTVE %4S=9.54?71F-03
FRACTIONAL GA$ ACTTVrTY=?.14?q5F-01

DECAY PC’dEi? IN ‘4U F~Q tLL CO T’S
TCITAL 3ETA ‘4’4=7.43471S+30
TOTAL SAW~A ‘V=9,Z9544E+09
TOTAL 9ETA+GAU*A ~USlO%7?72F+131

(MtJLTIpLY YEVIF q~ 1.a7415F+ol 7n ccT Au)
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●**T&9UL4R VALIJES AOF STVFN AS FQ4C7TaW$ OF ALL NucLIDEs***
NucLInE !)ENSTTY PIJ?TFS ~ET& YEV/F GAllNA t4EV/F B+G YEV/F

z h s
359R 93 9 ?.3414!5E-97 7.21156E-n4 7.?7103E-04 1.31205E-05 3.30444E-04
36<Q 95 1 7.45746E-~6 ~.9394?F-93 ?014Q77F-03 1.40832E-03 1.74695E-03
36KR 37 0 5.98462E-37 1.9QQ+TE-93 3.5?44Q5-03 1.70030E-03 ?.53379E-03
34<? 89 0 13.17012E-~6 5.~~5’37E-9? 4.lql~~E-03 2.98014E-02 1.84079E-02
53 1131 0 1.69555E-’)3 ?.057’)4E-O? Q.3412qE-03 1.57001E-02 1.29722E-02
53 1132 0 3.0?197E-95 ?.l?’Jq9C-9~ 4.0’J9Tnc-02 1.36654E-01 9.36729E-02
53 1133 0 3.77865E-94 4.?0Q~7E-132 4.35Q5~E-02 5.02394E-02 4.73292E-02
54tE133 o Z.62515E-9a 4.q9??qF-02 1o?1451E-O2 7.77550E-03 9.71877E-03
54XE133 1 4.32551E-05 1.Q17795-’33 O. 8.68389E-04 4.82199E-04
53 1134 0 1.?3153E-05 7.37479F-03 5.5954?E-03 1.69186E-02 1.18279E-02
53 1135 0 7.42745E-~~ ?.T~l??E-02 ?.6?q96E-02 7.78746E-32 5.49332E-02
54XE135 O 7.21619E-05 1.Q6?17E-9? 1.40601E-02 9.49976E-03 1.15Z79E-02
54XE135 1 4.52Z11E-(J7 4.lQ599c-53 9. 4.31399E-03 2.39547E-03

TZITAL GAS 2.15353E+’I? $.557475+’39 ~.CI~Q74F-02 2.47595E-01 3.38502E-01
1.37444E+IY1 (Q4’3TflA:TTVE GAS OFNSITY)

TOTAL FP 1.39009E+~~ 3.05541E+09 5.61517E-01 7.01234E-01 1.26295E+O0

TOTAL GAS
FRACTIONS 1.55654E-01 ?.143R5E-01 1.41n47F-01 3.53084E-01 206@046E-01

9.562’71E-O? (?AnTIA:TIVE EOACTTgN OF TOTAL FP)

NOBLE GAS
FRACTIONS 1048488E-91 q.7711?F-9? 3.%1507E-02 5055645E-02 4.69307E-02

4.02826E-03(NlqLE Q40(OACTIVE G8S FRACTION OF TOTAL FP)

TAqLF C-YTI

T?41s UNIT 2s 2?-STED ‘flWcQ uTSTOQY, FIJLL CCIQE CALC.s CINOER-10(LASL) 7/79

fCINTFqT nc WnBLE GASES 4N0 HALOGENS
(EYCEE’)ING 1.90000F-132 OEQCENT OF TOTAL GAS)

TI~E STEP 33
ELAPSEO TIME=2.~3Ta°F+137 REC
CODLING T[~r=3.600a’?E+04 SEC
TOTAL ACT IVITY=9.~a714:+19
CURIES 1’4 ALL Fp= ~.5Q3$l~c+09

IN ALL GAS= 50516!lqF+09
IN UAL9GENS= 3.15q57E+9q

IN N59LE GAS= ?0?5741?+0?
T9TAL BETh !lEV/FI~f=4.?2377F-01
T~T4L GA’4HA hEV/FT~~=5.5°?llF-!Jl
T9TAL 8ETA+GAflAA=9.91593F-01
FRACTION OF TOTALS TN G4~ oQlf)UcTS

8ETA F?AcT12~=l .77471c-91
GAMMA FQAcTI~Ux?.33Qq5E-01
T!3TAL FRACTI~~=?.54~6~E-01
FQACTI!INAL OENSTTY 4LL ;AS.I,555Q95-01
DEWSITY CIF RAnl~~CTTVc ?~5=9.497?5c-03
FRACTIDN4L GA< 4CTIV7TY=2.1?4!52E-01
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**;TA91JLAR vALIJES APE STVFY 4S FRACTT~N$ OF ALL NUCLIDES***
NUCLIOE DENSTTY CU?TES qET4 ~EV/F GA?4HA !lEV/F B+G AEV/F

z A S
353R 83 0 2.?0439E-07 ?0541~qE-04 2.?ql~3E-04 3.88243E-06 1.00381E-06
36<R 95 1 3.44049E-36 ?ol~l$OF-93 1.?3103E-03 8014737E-04 1.03690E-03
36KR 97 0 3oR1454E-Oq ‘.30900C-95 3.’)Q9QIE-O4 1.38209E-04 2.113113E-04
36KR 89 0 Z.34959E-QA ?076@0nE-133 1.Al?7~E-03 1.08385E-OZ 4086869E-03
53 1131 0 1.65905E-53 9.3973qE-9? 1.2??54E-OZ 1093779E-O2 1.63033E-02
53 113.2 0 Z.90Z49E-95 3.54?~5F-O? 5.15931E-02 1.64584E-01 1.15750E-01
53 1133 0 3,ZO043E-94 4.?~999E-’79 4.9?905F-OZ 5.33579E-02 5.157Z9E-OZ
54XE133 O 2.61271E-03 5073q61E-92 106’I7?5E-OZ 9070401E-03 1.z4443E-OZ
54XE133 1 4.Z6700E-05 ?o?Z’333F-93 !3. 1.074Z1E-03 6.11979E-04
53 1134 0 Z.95615E-OR Q040354E-05 1.7q613E-04 5006213E-04 3.65Z48E-04
53 1135 0 4.50619E-9~ 1.~OR20c-02 2.05511E-02 5076916E-02 4017532E-OZ
54xE135 O 7.51339E-95 ?.2q505E-O? 1.~4666E-OZ 1.Z4039E-02 1.54429E-02
54XE135 1 2.67160E-07 ?.9?154E-03 0. 301959ZE-03 108ZO73E-O3

TOTAL GAS 2.16Z92E+9? 5.514f)qE+Oq 7.?q?9qF-OZ lo8676~E-01 2.59598E-01
1.30741E+91 (QADI’IA?TTVE GAS 9F~SITY)

TOTAL FP 1.39000E+IYa ?.593R9E+OQ 4.??37?E-01 5.59211E-01 9.81583E-01

TOTAL GAS
FRACT19NS 1.55599E-01 ?.I?66?E-01 1.77431E-01 3c33985E-01 2064469E-01

9.40726E-03 fQADln4:TI’JE FQACTI~N OF TOTAL Fp)

NOBLE GAS
FRACT13NS 1.48545E-01 Q.0qQ57F-O? 3.!lq165F-02 3.82811E-OZ 3085115E-OZ

4.00743E-9?(N?9LE QAOInACTTVE GAS FRACTION OF TOTAL FP)

TAqLE C-YTII

TMI, UNIT 2S ZZ-STEp ‘~’JEQ HIST~?Y, FIJLL CnQF CALC.S CINDEQ-10(LASL) 7/79

cIUTCNT flc N~qLE GASES 4V0 HALOGENS

(EXCCFDING 1.30000F-9? PEQCENT OF TOTAL GAS)

TINE STEP 34
ELAPSED TI~E=2.949°Qc+97 SEC
COOLING TI~E=7.20290E+54 ‘SEC
TOTAL ACTIVITY=7.0n7~~F+l~
CUQIES IN ALL Fo= 2013%04E+0~

IN ALL GAS= 4.41153E+OQ
IN HAL7GENS= ?.61504E+n~

IN N59LE GAS= loOQ5~qF+O~
TOTAL BETA WEV/FIS~=3035Q75c-01
TOTAL G4’4’4A ‘4EVtF?~5=f9.5Q54?c-91
T!3TAL 9ET4+GAM’4A=7.5551?E-91
FRACTIO~l OF T9TAL~ ~~ C4S P91911?TS

9ETA FRACTICl~=l o~lS5qF-?l
GAY!4A FRACTI~~=3.lCl’3’3F-!)l
TOTAL FRACTIlN=2.5qlllC-01

124



FQAcT[nNAL GAS ACTTVTTY=?.06526E-01

DEcAY P!7UEQ IN ‘4U CIQ ALL co T$
TOTAL 13ETA ~b/=4.05154E+30
TOTAL SAM’4A ~U=5.9&59qF+OI’)
TOTAL 9ETA+GA~~A W’d=loO’l174F+91

(SULTIPLY ‘lEV/F By 1.3?416F+01 1~ GET W)

●**TARULAQ VALUES AQF GKVFN AS FRACTIONS OF ALL NUCLIOES***
NUCLIDE OENSITY ~u?IEs 9FTA Y5VIF GAq4A 4EV/F B+G ~EvlF

z A s
36KQ 95 1 7.32290E-07 5.53505F-04 3.91076E-04 2.15237E-04 2.96355E-04
35Ka 89 0 1.99327E-97 ?.41943E-24 1.87272E-04 1.13162E-t)3 7.49691E-04
53 1131 0 1.60635E-93 ?.q1945E-’3? 1.53404F-02 2.32877E-02 2004779E-02
53 1132 0 2.55874E-fi5 3.949155-9? 6.b5n77E-02 1.87127E-01 1.37574E-01
53 1133 0 2.?9343E-94 3.737745-9? 4.957Q~E-02 4.74592E-02 4.795?7E-02
54XE133 O 2.56465E-!3? 6.Q49?IC-02 ?.l~Tq9E-02 1.18230E-02 1.58497E-02
54XE133 1 4006992E-05 ?.57599F-93 ‘3. 1.27172E-03 7.57374E-04
53 1135 0 1.57278E-95 qoOayqlE-03 9.’?49~9E-O3 2049927E-02 1.89097E-02
54XE135 O 5.46506E-!)~ 2.01q14c-9? 1.954~OE-02 1.11977E-02 1.45738E-02
54XE135 1 9.32441E-9? 1.i?3Q2hE-03 O. 1.38451E-03 8024549E-04

TOTAL GAS 2.16143E+5? 4.41153F+09 5.55511E-02 1.39713E-01 1.95264E-01
1.27337E+91 tQAOIqA5TIVE GAS OFNSITY)

TOTAL FP 1039OOOE+93 ?.13606?+99 3.05971)F-01 4.50542E-01 7.56512E-01

TOTAL GAS
FRACTIONS 1c55499E-01 ?.06526E-fYl 1081559E-O1 301O1OOE-O1 2058111E-01

9.16092E-03 (RADInA?TTVE CQ4CTT9N OF TOTAL FP)

NnBLE GAS
FRACTIgNS 1.48413E-91 9.a445AF-0~ 4.19305F-02 2.70885E-02 3030950E-02

3.93186E-03(N~9LE QADt13ACTTVE GAS FRACTION OF TOTAL FP)

TA8LE C-YIV

TIIIIS UNIT 2, 22-STEP O’?UFQ ~TSTOQY, FIJLL CgQF CALC., CINDER-10(LASL) 7/79

CftNTE’4T qc Vn!lLE GASES ANO HALOGENS
(EMC?EOING 1.90000E-02 OEQCENT OF TOTAL GAS}

TIAE STEP 35
ELAPSEO TIYE=2.?517qE+07 $=C
C05LING TI*E=loqOOOOC+25 SEC
TOTAL ACTIVITY.5.0C)70?C+19
CUQIES TN ALL FP= 1.5Q44aE+’3?

IN ALL GAS= ?.Q3153E+9Q
IN HAL!IGENS= 1.4Q035C+Oq

IN NC13LE GAS= 1.4419QF+9?
TOTAL 9ETA WEV/FX5’S.?.f159q4F-0~
TOTAL GAYMA ~EV/FTSS=l.34q70C-t)l
TOTAL PETA+5AH’4A=~.40$366E-01
FRACTIgN f3F T’3TALS TW %AS PQTO’JCTS

8ETA F?ACT1oN.=j,54qaqF-91
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FRACTIONAL DEN$ITY ALL :AS=l.55?72=-01
DENSITY OF QAqTn4:7TVF 34S.~.54q67C-03
FRACTIONAL G6S 4C~rVrT’Y=l.?363’lF-01

DEC4Y P~wER IN qW C~Q aLL =“ TS
TCITAL BETA MW=?.7?75QE+90
TnTAL SAVMA *$4=4,4;474F+05
TOTAL BETA+GA@’4A ‘4W=7.1%193E+O0

(qULTIPLY ~EV/F QY 1.3?414E+01 r~ GET qU)

***T49ULAQ VALUES AD? CTVEN tq FSACTTINS OF ALL NUCLrOES***
NUCLIOE OENS?T~ Cl]QrFs 9FTA qEVIF G4?flA tlEVIF B+G oIEV/F

z 4 s
53 1131 0 1.45301E-O? 3.41131F-9? ?.lq55?E-02 2.83403E-02 2059095E-02
53 r132 O 2.0365?E-f15 4.03qq6?-9? 7.?~147E-02 1.92854E-01 1.47404E-01
53 1133 0 9.43931E-05 1.Q392D5-9? ?.5$97qF-02 2.34957E-02 2.65809E-02
54XE133 O 2.31920E-a3 q.?77556-O? ?.92415E-02 104378OE-O2 2000397E-02
54XE133 1 3.20043E-25 2.7’)933E-03 O. 1.34543E-03 8033027E-04
53 1135 0 6.43724E-~T 4060106E-04 4.~~40qF-04 1.42969E-03 101245?E-O3
54xE135 O 9.O81O1E-O5 4.4~6qle-33 4.!3?411E-03 2.50331E-03 3.38718E-03

TCIT4L G4S 2.15823E+9? ?.93151?+’3a 3.?306~F-02 8.85986E-02 1.20995E-01
1.199?7E+~l (Q59TqA?TTVF GhS f)FNSITY)

TOTAL F? 10399OOE+93 1.5954QF+9Q 2.n5’495F-01 3034879E-01 5.40865E-01

TOTAL GAS
FRACTIONS 1.55272E-01 1.q3%30c-91 1.5493qE-01 2.64549E-01 2.23540E-01

3.54867E-133 (QA~IqACTIVE FQACTTCI?A OF TOTAL FP)

N09LE GAS
FR4CTIONS 1.4959~E-01 ~.0?779r-O? 3041?49E-02 1.83878E-02 2.43809E-02

3.629~6E-03(NlBLE RAOYIACTTVF S4S FR4CTION OF TOT4L Fp)

T4qLF C-YV

THI, UNIT 2, 22-STEP 07WER HIS77?y, F’JLL CCIQE C4LC.J CINDEQ-10(LASL) 7/79

TI~E STEP 36
ELA9SF9 TIME=2.96?70C+!)7 SFC
COOLING TIHE=3.60L190E+!35 RCC
10TAL ACTrVrTY=4.667qlc+la
CURIES IN ALL FP= 1.~4~??F+99

IN *LL GAS= ?.00?1lc+Oq
IN HALgGENS= Qo?$4~5E+97

IN NOBLE GAS= 1.57541E+5?
T!3TAL 3ETA ~FV/FIR~=l.5Qq70K-f)l
TOTAL GA’4f’4A MEv/FrS~=?.%15555-f)l
TOTAL 9ETA+GAvYA=&.7>575c-~1
FRACT19N OF ToTALK TN 54S 0Q191JCT$

9ETA FR4CTI!lM=l .?1051~-31
GAMMA FRACTI~N=?.?q67?F,-oI
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TOTAL FRhCTIIU= l.7554AF-nl
FRACTI~NAL ~c~~T7v ALL ?A$=l.54971E-01

DENsITV LIF RA9TnACTTVE :AS=7.747m6E-03
FRACT[gNAL GA< AC71VTTv=l.5q~4QE-01

***TABULAR VALUES ABF GTVCV AS FQACTT3US OF ALL NUCLIDES***
NUCL19E 9E’4S?TY ~lj?~cs 3ET& UEv/F GAKHA MEv/F B+G ~EV/F

z A S
53 1131 0 lo22120E-f13 3.63911C-9? 2037753F-02 3.02534E-02 2.78080E-02
53 [132 O 1.30432E-?5 ~.?q?$ac-’l> 5.0~32?c-02 1.57076E-01 1.207L2E-01
53 1133 0 1.5Q~69E-n5 4.4?’)57E-23 5.47q14F-03 5.63912E-03 5.95593E-03
54XE133 O l,93435E-fl~ q,?Q751E-O? 7.Q91?~F-02 1.44505E-02 2007~94E-02
54xE133 1 1.94?77E-05 1.?q?TqE-33 O. 9.87696E-04 6.14866E-04
54xE135 O 2.49451E-OT 1.5513QE-04 1.7074?E-04 8.73411E-05 1018823E-O4

TOTAL G4S ?.15610E+a9 2.99311E+’?Q 1.a35?3F-02 5.50042E-02 7.43565E-02
1.07495E+91 (QAqT14:TTvE GAS 9E~SITY)

ToT4L FP 1.39000E+9~ lo?409~E+OQ 1.5a970E-01 2.63655E-01 4.23525E-01

TOTAL GAS
FRACTIONS 1.54971E-01 lo5q~4QF-al 1.?lf151E-91 2.08622E-01 1075566E-O1

7.74794E-07 (QAOT~AC7TVE FQACTTON OF TOTAL Fp)

NOBLE GAS
FRACTIONS 1.4a671E-01 ‘.5414qc-O? 3.09513E-02 1.56238E-02 2.10698E-O2

3.12308E-Oa(UlaLE 0AD19AC~TVE GAS FRACTION OF T!3T4L FP)

TAqLE ?-YVI

THIs UNIT 2) 22-STEP OnWEQ HTSTl?Yo CIJLL CnQ~ CALCos C1NOEP-10(LASL) 7/79

C~WT~NT qc Nn9LE GASES AtiO HALOGENS
(EYrFEOTNG t.~nono:-gz OCDCENT OF ToTAL GAS)

TI~E STEP 37
ELApSED TIqE=3.0057QE+07 <EC
COOLING TIME=70209nOC+D5 SFC
TOTAL ACT IVITY=3.54139c+’.9
CURIES IN ALL FP= Q.571009+9Q

IN ALL GAS= 1.l?971F+0~

IW ~AL’3GENS= 4.0’555?+97
IN N99LE 54$= A.?ql~?F+07

TOTAL bETA YEVIFI$~=l.?~99-=-01
TOTAL G&qqA ~Ev/FTSS81.956?!)E-01
lCITAL BFTA+GA*qA=3 .1979Q~-O?
FR4CTION OF TOTALS TN GAS 0Q701JCTS

9ET4 FRA:TIO~=7.44q77C-92
G4PNA Ff?ACTI~N=l.?7q~~E-01
T~TAL FPACTIlq=t.08014~-nl
F24CT13NAL OCYSTTV ALL :AS=I.$44Q7C-01
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DENSITY OF RA~?qACTTVE SAS=5051?71E-03
FRACTI’JNAL GAS dCTIVITy=l.17093E-01

!)ECAY pflUEQ IN ~W FnQ ALL ~0 IS
T~TAL ~ETA qQ=l.5$311c+’30
TOTAL GA~~A MU=?.5Q033~+90
Ti3TAL BETA+GA”~A ~W=f+023346E+’3!l

(~ULTIeLY ‘4EV/F qy 10374145+91 T5 GET ~U)

***TABULAR VALUES ARE CIVFN A’S FQACTTflNS OF ALL NUCLIOES***
NUCLIDE DSNSITY ?’J?TES 9ETA qEV/F GAHNA IiEV/F B+G YEV/1=

z A S
53 1131 0 9.55.257E-04 3.34Q?9F-02 2014521E-02 2085565E-02 2.57991E-02
53 1132 0 5.37046E-95 10776?3E-9? 3.21797F-02 8070546E-02 6.57557E-02
53 1133 0 5.6~3QEE-97 2.04Qq4E-04 2.~Q50+E-04 2.71376E-04 2.91712E-04
54XE133 O 1.9E273E-na 6.44~R4c-9? 2.?$T17’F-02 1oL4958E-O2 1.59333E-02
54XE133 1 5030132E-06 7.4’3599E-04 9. 3.81514E-04 2.33437E-04

TOTAL GAS 2.14738E+9? 1.l~071E+Ofl Q051695F-03 2.50171E-02 3045331E-02
9.20001E+99 (OAOT7A?TTVE GdS DENSITY)

TOTAL FP 1.39000E+93 9057113QC+08 1.2439QE-01 1.95620E-01 3.19709E-01

TOTAL GAS
FRACTI!INS 1.544?7E-191 1.17993E-01 7065s377F-02 1027886E-OI 1.013014E-01

6.61B71E-93 (QAOTnA:TIVE FQ4CTIQN OF TOTAL Fp)

NOBLE GAS
FRACTIONS 1.48536E-f!l A.5630?E-57 ?.77q9~F-02 1.19998E-02 1.61756E-02

2.35612E-03(q’l~LE QAOI~ACTTVE GAS FRACTION OF TOTAL FPI

T4BLE C-YVII

THIs UNIT 2, .22-STEp Dg’dER HISTO?Y, FULL C’3RE CALC.O CINOER-10(LASL) 7f79

cqPJTFNT ~F vf19LE G4tE5 ANO HALOGENS
(EYCEFf)IuG 1.’3OOO!IE-O2 PERCENT OF TOTAL GAS)

TIME STEO 38
ELAPSED TIqF=3.l137*E+07 ~FC
C09LI’4G TI!4E=103OOOOE+24 S~C
T3TAL A:TIVITY=?.?4734C+19
CLAQIES IN ALL F~= 5.27189FtO~

IN ALL GAS= 7.4=176c+~7
TN HALOGENS= I.21096E+07

IN NOBLE GAS= 1.941?13E+07
TgTAL 9ETA ~EV/FISQ=golOQq’J=-O?
TOTAL GA’4HA MEV/FIQS=l.11995E-01
TOTAL 9ETA+GA~4A=l.9qn’35C-91
F?ACTICIN JF TOTALS TN $4S PQ1OUCTS

BETA FQACTICN=~.15956c-O?
GAMqA FRACTIf?N=3.1679?E-9?
TnTAL FRACT1nN=2.74155E-0’?

FRACTILINAL DE~S17y ALL :AS=l.53957E-01
DENSITY !JF RA~lflACTfVF :AS=5.?3441C-03
FPAcTIgNAL GAS ACTTVITY=4.03573E-02
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DECAY 09UE@ IN qu Fqo ALL co TS

TflTAL 9ETA M’d=l.973qqc+39
T5TAL GA~’4A ‘W=l.4q187~+09
T9TAL 3ETA+SA*~& VU=9.5557Q?+90

(’iIJLTIPLY ~EV/F my lo’3?~15F+Ol 1~ GET ~U)

●**T$BuLAQ vALuES 30E GTVCN AS CQACTT?N$ OF 4LL NUCLIDES***
NUCLIDE OENSTTY I-I,)>TF$ ~ET3 qEv/F GAfl~A HEv/F B+G !lEVIF

z i s
53 1131 0 2.91304E-~4 107975?5-0? 1.11798E-02 1.70026E-02 1045559E-OZ
53 1132 0 3.73415E-07 lo04~14c-53 1.47745E-03 1.05911E-02 7.57354E-03
54XE133 9 ?.1.2?15E-74 1.Q9Q51C-3? 5.7’?Q’35E-03 3.93875E-03 5.140S2E-03

TOTAL GAS 2.13q41E+’I? ?.45195E+97 1.7f+551~-03 3.56500E-03 5.29151E-03
7.275q3E+(?9 (Q40117A:TTVE GAS DENSITY)

TOTAL FP 1.39000E+9a 40071qaF+Oe 9.l!309~E-02 1.11906E-01 1.93005E-01

TOTAL GAS
FRACT15NS 1.53Q57E-01 4.93573C-O? ?.1535%F-02 3.16783E-02 2.74165~-02

50~3441E-03 (QAf)Tq4:T~v~ FQAcTrg~ OF TOTAL FP)

NOBLE GAS
FRACTIONS 1.48392E-01 ?.04?4QE-07 4.032~OE-03 4.09457E-03 5.28694E-03

1.47333E-93tNnqLE OAOTIAC7TVE 5&S FR4CTIC)N OF TOTAL F~)

TAqLE C-yVIXI

TRI$ UNIT 2, 22-STEP Pnw5Q LIrSTqQY, FIJLL c5RE CALC.S CINOEQ-19(LASL) 7179

CmVTCVT OC N~RLE G4’jFS AND HALOGENS
(E!t?I=cOrNG l.~t)OOOE-~~ OFQcENT OF TOTAL GAsl

TI14E sTEP 39
ELAPSED TI~E=3.2~37qF+97 QCC
C9’3LING TI~E=3050099F+94 SEC
TOTAL ACTIVITY=l.461?9C+1Q
cURIES IN ALL F?= ~.Q4Q49c+09

IN ALL GAS= ?.7Q?5?F+95
IN qAL3GEVS= 1.Q951q~+q$

IN N93LE GAS= 9.46321E+135
TOTAL BETA ‘4Ev/FIfSX5.?91$QF-’)2
TflT4L GA~’4A UEV/FI:S=6.35~75E-9?
T(ITAL BETA+GAMYA=lo 14~62F-01
FQACTION IIF TOT4LS TN ?A~ PPIDIJCTS

~ETA FQAcTI~il.~07q9%OC-’)3

GAMMA FRAcTIlNx5.7?057E-03
T!ITAL FQACTI?N=4.q4RQ5c-03
FQacTIgNAL OCNSITY ALL SAS=l.53757E-01
DENSITY CIF 2A9TIYACTTVE iA5=4.R6?41E-03
Fl?AcTIgNAL GAY Ac?Tt/TTV.7.Q7f34QC-!33

DECAY pOtdEQ IN ~W Fno ALL FO TS
TOTAL 9ET4 !IU=7.IY04?OF-21
TOTAL GA?I’4A vU=q.49795C-91
TllTAL 3ETA+GAWWA ‘4’4=1.54347F+30

(qULTIPLY HEV/F BY 1.32416F+L)1 TI GET qU)
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●**TABULAR VAI.IJES APF GIVEN 4$ FRAC7TYNS OF ALL NUCLI!)ES***
NUCL[DE DENSITY CU?TES qE~4 ‘EV/F GAf4?!A NEV/F B+G 4EVIF

z A S
53 1131 0 4.83513E-05 4.5qR74E-53 208440?E-03 f+.96190E-03 4.00047E-03
53 1132 0 4.39027E-2Q 3.51QQ?E-95 5.15qTmE-05 2.18728E-54 1.47439E-04
54XE133 O 1.38568E-0~ 1.9qqq7F-03 6.8’Y49~F-04 4.52185E-04 5.55790E-04

TOTAL GAS 2013722E+9~ ~.707q9c+96 7.n’I~?5E-04 3.64679E-04 5.65205E-04
6.76012E+O0 fQA9104:TTVE GAS DENSITY)

TOTAL FP 1.39000E+O~ 3.94049=+Oq 5.?9149E-02 6.36475E-02 1.16’362E-01

TOTAL GAS
FRACTIONS 1.53757E-fAl 7.37060F-03 3.7q’?59F-03 5.72967E-03 4.94895E-03

4.36341E-03 (Q40TnA:T?VE ~?4CTI’YN OF TOTAL FP)

N08LE GAS
FRACTIONS 1.49444E-Q1 ?.44575?-03 qo87q77F-04 5.49039E-04 7.o1O43E-O4

1.26515E-’)3(NIBLE QaOIf14CTTvE 5AS FRACTION OF TOTAL FP}

T4qLF C-YTX

TilIJ UNIT 2, 22-STEp p7WER WTSTORYO CIJLL COQE CALC., C[NDE~-10(LASL) 7/79

TIME STEp 40
ELAPSED TIPE=3.65379E+97 <EC
COOLING TIWE=7.200~9F+94 ‘SFC
TOT4L ACTIVITY=8.4Q7?7F+18
CURIES IN ALL FP= ?.29675E+9q

IN ALL GAS= 1.57?07F+135
IN HAL9GENS= 4.?Q39?E+04

IN NCJ9LE GAS= 1.97?7~E+.Y5
TOTAL 9ETA qEV/FISS=302!3~OlC-O?
TOTAL GAqMA MEV/FTSS=3.3q143F-O?
TOT4L 9ETA+SAq4A=6059543F-9?
FR4CTION OF TflT5Lq TN 24S oQ7DUCTS

BET4 FQACTION=4.47764E-’)4
GAq*4 FPACTIIN=?.Q?la5c-(J6
TfJT4L FUACTIgW=3.72312E-04
Factional DFNqITV ALL %AT=l.53q37F-01
OENSITY !lF RADL7A?7TVC ;4S=4.976765-03
F?4CTIgNAL GAS ACTTV?TY=5.94$75E-04

3ECAY ontiEp IN MU CnQ 4LL :o TS
TOTAL 3ET4 MW=4.?4?4?C-91
TCITAL GAPqA UW=4.4QOQ2E-01
TfJTAL 3ETA+G4AUA ‘4d=n073?4?E-01

(IIULTIoLY ‘lEV/F 9V 1.3?415E+01 T9 SET ‘4w)

***TA9ULAQ VALUES AoC STVF~ 4S FOACTTI’4$ OF ALL NUCLI!)ES***
NUCLIDE DENSTTY cl!?Tqe qFTL MEv/F GAHqA WEv/F 8+G qEVtF
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z 4s
36K2 85 0 1.23991E-Q3 4.14ql%c-94 3.3355%E-04 2.80436E-06 1.63486E-04

53 1131 0 1.33209E-56 ?.173R%F-04 1.?Q401F-04 Z.56547E-04 1.94781E-04

TQT4L G4S 2,1383?E+O? 1.57?97E+25 1.4Qq7~E-05 9.56841E-06 2.45556E-05
4077865E+5Q (Q49T~ACT~VE 3Aq DENSITY)

TOTAL FP 1.39999E+q? ‘.?Q675c+9q 3.?OIiOIE-02 3.39143E-02 6.59543E-02

TOTAL GAS
FRACTIONS 1053@37E-Ot 5.94675?-04 4.57764?-04 2.82135E-04 3.72312E-04

4.97675E-03 (QA’lI~ACTTVE FQ4CTT9N OF TOTAL FP)

NOBLE GAS
FRACTIONS 1048459E-O1 406707qE-04 3.3q34QE-04 2.5531OE-O5 1.77495E-04

1.23931E-03(W?BLE QlfJ154CTIVE GdS FRACTION OF TOTAL Fp)

TA9LE C-XX

THIs UNIT 2, 22-STEo OflklER qTSTIQYO FULL CCIQE CALC., CINDER-10(L4SL) 7/79

TIME STEP 41
ELAPSED TI~E=4.73?79c+07 SEC
COi3LING TI~E=l.90090F+n7 ?FC
TOTAL ACT SVITY=2.Q3~~5E+lq
CURIES IN ALL FP= 7.Q365?E+97

IN ALL GAS- 17.3L074F+04
IN HALOGENS= 1.??5R6E+93

IN Ng8LE GAS= 9.31Q44E+04
TOTAL 9ETA YEV/F1SQ=1041514C-O?
TOTAL GAMqA MEVIFTSS=Q.Q5?73F-03
TgTAL 9ETA+GAYYA9?.~l14?E-q?
FQACTIO$l IJF TOT4L$ TN Gd% 9QlnlJCTS

9ETA FRACTIi3N=7.3q715F-04
GAMMA FQACTI.q~I=9.49577F-!)4
TOTAL FRACTI?V=4.374Q3C-04
FRACTIONAL !)ENSTTY 4LL ;AS=l.53997E-01
OENsITY nF Q4!)Y~&C7TVE ?AS.=4.’3!)5QQE-03
FRACTIf3NAL GAS ACTIVITY=l.174?7E-03

DECAY P9UER IN WW F5Q ALL Fs IS
TOTAL 3ET4 w=l.q~3qqE-31
TCITAL GAq~A ‘V=I.-I9?3E-91
TOTAL 9ETA+GA~~.! ~U=3.l~311F-01

(UULTIPLY ~EV/F qY 1.3?416E+91 T!l GET W)

+**TA9(JLAR VALUES AQC GTVEN 4S F94CTIgNS OF ALL NUCLIOES***
NUCLIf)E fjE~s~TY cl)? 1=s 9FT4 ~FvfF GA~RA UEVIF B+G ?IEV!F

z 4 s
36KR 85 0 1.Z1193E-02 Io17417E-93 7.?9709E-04 9.33763E-06 4.37370E-04

TOTAL GAS Z.13Q15E+5? 9031976?+’34 1.04539E-05 9.37172E-08 1.05475E-05
6.91927E+30 (pAOI~A:TTVE PAS DENSITY)

TOTAL Fp 103899?E+o3 7.Q?66?E+07 1.41514E-oz 9.96273E-03 2.~l142E-02
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TOTAL GAS
FRACT19NS 1.53997E-el 1.174?7’-93 7.3q715E-04 9.40677E-06 4.37403E-04

4.?0599E-f33 (QA91gA?TIVE ~QACTT’3N OF TOTAL FP)

N09LE GAS
FRACTIONS 1048444E-91 1.17425E-03 703979QE-04 9.38816E-06 4.37391E-04

1021193E-O3(NI9LE Q49T’7fACTTVF GAS FRACTION OF TOTAL Fp)

TAqLE C-XXI

THIs UNIT Z, 22-STEp OIUER qIST~QVS FULL C!IRE CALCCS CINDEQ-10(LASL) 7/79

CqNTFVT gf N’19LE GSSES ANO HALOGENS
(EVCEEQING 1.90009E-O? OEQCENT OF TOTAL GAS)

TIME STEP 4?
ELAPSEO TINE=6.0873SE+07 SEC
CiJOLIUG TI’4E=30153%~E+’37 SEC
TOTAL ACTIVITY=l.31440E+lq
CURIES IN ALL FP= 3.55744c+n7

IN ALL GAS= Q.0543?C+94
IN HAL9GENS= 1.9?9R4C-91

IN NOBLE GAS= 9.9$430F+04
TOTAL 9ETA ‘lEV/FISS=70a66Z’QC-03
TOTAL GAMVA ‘4EV/FI~S=?.4m154c-03
TOTAL 9ETA+GAMYA=1.064T9F-07
FRACTIO!4 OF TIITALT TU <AT OQ~!)lJCTS

BETA FQACTIOq=l .27440F-93
GAHqA F9ACTIPN=3.54552E-05
TOTAL FRACTI1’4=9.ql@qOE-06
FRACTIONAL OFNeIT~ ALL %AS=l.53q94F-01
DENSITY OF RA9T~A:TTVc SAS=4.97740E-03
FRACTIONAL GAS ACT?VTTY=?.5515QF-03

DECAY 00wEQ IN NW ~qQ ALL FS 15
TOT6L 9ET4 W=l.’354Q6F-91
TOT4L GAY?A UW=?.aQ5q4c-O?
TQTAL 9ETA+GAqq& *u=l.3q345c-2t

(qULTIOLY MEV/F 9Y 1.3?416F+01 T9 GET qW)

●**TABUL4Q vALUES 4QE GIVEN 4S FQAC71nNS OF ALL NUCLIDES***
NUCLIDE DENSTTy CIJ? YES qFT& s4Fv/F GA~MA PIEv/F B+G llEVIF

z A s
36KR 85 0 1oI7P72E-93 7..55I57E-O3 1.2764fJF-03 3064636E-05 9.E1889E-04

TOTAL GAS 2.13q95E+9? 9.044??C+Q4 1o’3I69IE-O5 9.04895E-08 1.0?596E-05
6.77950E+90 (QA~IqACTTVE GM OENSITY)

TOTAL Fp 1.39999E+53 3.55?44E+07 7095529E-03 2048154E-03 1.04478E-02

TOTAL GhS
FRACTIONS 1053994E-9I 9.5~l~qE-03 1.?7%$OE-03 3.64650E-05 9.81890E-04

4.87740E-03 (OAO1’34:TrVE CQACTTIYN OF TOTAL FP)
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N03LE GAS
FRACTI~$iS 1.48611E-01 2055157E-03 1.27640E-03 3.64636E-05 9.81889E-04

1.1787?E-03(U7BLE ‘A9Tn4CTIVE GAS FRACTION OF Tf3TAL FP)

TMI, uNIT 2, 22-STEP ~~’dcQ HTS7’l~Y, FULL CIYOE CALC., CINDEQ-10(LASL) 7/79

TI~E STEP 43
ELAPSED TIME=6.5337?F+97 SEC
CO’YLING TIME=3.60009C*07 ‘SEC
TOTAL ACTIVITY=1010*69C+1Q
CURIES IN ALL F?= 2.aqOOOC+OT

IN ALL GAS= 9.a?lq7E+04
IN HALqGENS= 1.q~9qQE-91

IN NIY9LE GAS= q.’?qlq5C+04
TOTAL flETA flEV/FTSS=6,Q209?E-03
TOTAL GAq4A MEV/FT$f=l.6RQ30E-03
TCiTAL 9ETA+GAM’4A=9 .50Q3?F-03
FQACTION gF TOTALS TN GAS OQ’IC)UCTS

LIETA FQAcTIoN=l .65401E-03
GAqqA FRACTInN=5 .30795F-05
T!3TAL FRAcTI~N=l .19n73S-O?
FL?A:T19NAL OFN~lTV ALL 5dS=l.53q74E-01
DENSITY OF RADTqACTTVE SAS=4.q55f33E-03
FRACTIONAL GAS ACTTVITY=3.01?96C-03

DECAY PIIUER IN ~U F~Q ALL Fe IS
T~TAL 9ETA MW=Q,~5371F-’j~’
T9TAL GA411A ‘+U=7.7?591E-O?
T’ITAL qETA+GA”Md ~U=l.14001E-Cil

[MULTIPLY ~EV/F 9Y 1.?7414E+01 TIY GET qU)

●**TAQLJLAR VALUES AQE GIVFW 4S FQACTTflWS OF ALL NUCLIOES***
NUCLIDE DENSTTY ~lJ? IES 9ET4 WFv/F GAMMA HEv/F B+G NEVfF

z A S
36KR 85 0 1016799E-O3 3.f)13Q5F-03 1.455f)lE-03 5.30769E-05 1.18073E-03

TOTAL GAS 2.13895E+9? 9.9qlqTE+04 1.99754F-05 8096664E-08 1.01653E-05
6.76475E+99 (OADIIYA:TIVE GAS DENSITY)

TLITAL Fg 1.38999E+93 2.Qq@90F+07 $09?902E-03 1.68930E-03 8.6093?E-03

TOTAL GAS
FRACT1?’4S 1.53876E-’?1 3.01395E-93 I045591E-03 5.30790E-05 1.18073E-03

4.94690E-9? (QAmILIA:TtVE CQ4CTT9N OF TOTAL I=P)

N03LE GAS
FPACTIONS 1.48401E-01 30013Q5c-93 10455O1E-O3 5.30769E-05 1.18073E-03

1.15799E-93(N18L5 R401!IACTIVE GAS FQACTION OF TOTAL f~)
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TAq LE C-YYIII

TMI, UNIT Z, 22-STEP O~UCQ HYSTq?YO FIJLL CflQE CALC., CINDER-10(LASL) 7/79

CnNTENT 5F Nl?qLE 5ASES AND HALOGENS
(EYCFFflING 1.0099fJE-02 DEQCENT OF TOTAL GAS)

TI~E STEP 44
ELADSE!) TIqE=l.0133*E+09 SEC
COOLING TIqE=7.20000F+97 ‘SEC
TOTAL ACTIVITY=406?a14E+17
cuRxEs IN ALL Fp= 1.2~zo7F+07

IN ALL GAS= 903437~F+04
IN UAL!JGENS= loO?9q?E-fJl

IN N99LE GAs= a.34376E+n4
Tc3TAL 9ETA YEV/FISS=?.7q614~-93
T~TAL GA~WA qEV/Fr$S=4.2990qF-96
TOT4L BETA+GAY9Am3.?2404F-Q?
FRACT19N C)F TflTALS TN 5A’S PQ’J5’JCTS

3ETA FQAcTIgw=3.?474?E-93
GAM~A FQAcTIqN.l .?3754r-04
TOTAL FRACTION=2.Q7715F-03
FACTIONAL 0EN$7TY ALL :AS=l.93900F-01
DENSITY 13F R&9T?ACTTVE $AS=4.79?Q3F-03
FQACTI!lNAL GA< 4CTTVITY=6.6962?F-O?

OECAY POUER IN *U F~Q 4LL Fe IS
TOTAL BETA M’d=3.79?5ac-32
TOTAL GA8WA qU=5.59?6qC-03
TOTAL BETA+GaqUA qW=4.271qOE-02

(AULTIPLY HEVIF BY 1.32414E+91 T9 GET ‘W)

***TABuLAR VALUES AQE GIVEN hS FRACTTINS OF ALL NUCLIOES***
NUCLIOE O!ENSITY ~llq r~s 3ETA qFVIF GAMqA !4EVtF B+G !4EVIF

z 4 s
36KR 85 0 1.0@503E-93 60606?1F-03 3.34742E-03 1093746E-O4 2.92715E-03

TOTAL GAS 2.13779E+02 9.3437qE+94 9.35Q~3E-06 8.32965E-08 9.44313E-06
6.64951E+09 (QAOTf)ACTIVE GAS OENSITY)

TOTAL FP 1038997E+O3 I026302E+97 2.79514E-03 4029909E-04 3.22604E-03

TOTAL GAS
FRACTIONS 1.53900E-91 6.606?7E-’33 3.3474?F-03 1093754E-O4 2.92715E-03

4.7q393E-OY (Q~~T~A:TrVE =Q4CT~nN OF TOTAL FP)

N09LE GAS
FRACTIgNS 1.48?19E-01 5.60521F-03 303474?C-03 1.93746E-04 2.92715E-03

1.08503E-03{N7QLE Q&f)TqACTTVE GAS FRACTION OF TOTAL FP)
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TA9LF C-Ylt?V

~flPJT~NT f)C ~~~L~ G&$E$ AN() HALOGENS
(EyCEcOTNG 1.90!)OOE-I)? OEOCENT !lF TOTAL GAS)

TIME STEP 65

ELAPSED TIWE=2.093qqE+08 SEC
:03LIMG TI”E=l.S0900F+’3q SFC
TOTAL ACTIVITY=1051459E+17
CURIES IN ALL FP= 6.0Q966C+’35

IN ALL GAS= 5.69qa4F+04
IN HALCIGEWS= 1.0?90?E-01

IN N9BLE GAS= 5.5QQI?~c+nG
TOTAL BETA MEV/FISS~5.%Qo46C-04
TOT4L GAMMA qEV/FTS~=?.35404E-04
TOTAL BETA+GAMY4=~ .3465fIE-!14
FRACTION fIF TOTALQ TN G4S eQ~9LlCTS

BETA F?ACTION=l .31977E-22
GAMMA FQACTI~W.~.q355%E-94
TOTAL FRACTIqW.9.410i’?E-03
FACTIONAL DCNST7Y 4LL ;A5=l.53~99E-01
OENSITY OF R&f)I~4CTTVF $AS=4.56q9tE-03
F?ACTI’3NAL GAS hCTIVT7Y=l .5?lQ~F-O?

DECAY PgWER IN ~U c~o ALL Es IS
TOTAL BET4 ‘W=7.53499E-33
T3TAL GAq’4A YU=3.11P3?F-!)3
TOTAL BETA+GAWYA *U=l.35523E-92

(MULTIpLY NEV/F qy 1.12416E+01 T7 GET *W)

●**TABULAR VALUES APE GIVEN 4S FQACTTgNS OF ALL NUCLIOES***
NUCLIDE DENSITY ~fJ~ lE~ 9?T4 91Ev/F GAqRA ~Ev/F B+G ~Ev/F

z A S
36KR 85 0 8.69835E-54 1.63196E-02 1.31a77E-02 2.83541E-04 9.4102OE-O3

TOTAL GAS 2.13479E+~7 6.69Rq4F+04 T.59?37F-06 6.67758E-08 7.57014E-06
6.3503gE+90 (QADIIY4:TTVE GAS !)ENSITY)

TOTAL FP 1.38994E+03 4.09944E+06 5051395bE-04 2.35494E-04 8.04460E-04

TOTAL GAS
FRACTIONS 1.53589E-01 1.63107E-99 1.31q77F-02 2083556E-04 9.41022E-O3

4.56981E-03 (OAD?IA:TIVE FQ&CTI~N OF T(ITAL FP)
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NOBLE GAS
FRACTIONS 1.48107E-IY1 1.631OA5-!J2 1.31977E-02 2.83541E-04 9.4102OE-O3

8.69935E-94(NIQLE Qh911ACT7VE GAS FRACTInN OF TOTAL Fp)



TMI, IJNIT 2, 22-STEP OnWFR ~I~T~?Ys F’JLL CnQF CALC.s CINDER-10(LASL) 7/79

1S ELAPSED TI~E (S) 9AQW/cISSION (LAST 4 GROUPS)

1
2
3
4
5
6

:
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
29
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

2.2320E+05 6.7571)E-139 1.Q407F-01 1.?209E+01 203692E+04
1.2937E+07 501?59E-O? 205527E-01 203Z47E+01 1.0754E+03
10407?E+07 4.7797E-07 30?!5Q5E-131 1.I?429E+01 4.7082E+03
1.4469E+07 4.T!)14F-02 ?.2243F-01 1.7906E+01 4.20!)4E+03
1.5109E+O7 409Q4QE-O? ?.367?F-01 1.9907E+01 7.8369E+02
1.5423E+07 4.q~99c-O? ?.2755E-01 1.7598E+01 1.9211E+03
1.6851E+07 40Q?64E-O? ?o?46!)E-01 1.9168E+01 5.0712E+C12
10701OE+O7 4.q?09c-D? 2.2q$16F-01 1.7925E+01 1.8624E+03
1.7105E+o7 4091q5E-07 703?63E-01 1091Q3E+O1 1.7356E+03
1.7289E+07 4.8QQ3C-09 7.?!)47E-01 1.7924E+01 1.6423E+03
1.9590E+07 501755E-92 7.445qE-01 1.9947E+01 4.5269E+02
2.0446E+07 4.Q7?5C-O? ?.34?7E-131 108474E+O1 101044E+O3
2.1182E+07 5.0477E-O? 203996E-01 1.9948E+01 3.3503E+02
2.2f321E+07 4.QQnQc-n? 7.34Q?E-131 1.8412E+01 9.7503E+02
2.3173E+97 5oO1O4E-O2 2.35?4E-01 1.8356E+01 608214E+02
2.4666E+07 5.1254E-OZ 204360E-91 1.9398E+01 2.4581E+02
2.4700E+07 501?57E-’Y? ?.4?67E-Oi 1.9414E+01 205185E+02
2.7119E+07 5.0TQOC-O? 2.3965E-01 1.8859E+01 407701E+02
2.7407E+07 5.’39Q4c-~? 2.a972E-01 109857E+O1 4.53?1E+02
2.7657E+07 5.0Q17F-O? 7.4943E-01 1.8935E+01 6.2907E+02
2.7724E+07 5.9Q57F-02 ?.4546F-01 1.8897E+01 3.7198E+02
2.9338E+07 5.1957F-07 ?.4111E-01 1.9957E+01 3.7779E+O?
2.9339E+07 5.l(l~7E-92 ?.4111F-01 1.9957E+01 307780E+02
2.9338E+07 5.1057E-O? 2.4111E-131 1.9957E+01 3.7786E+02
2.9338E+07 5.1757E-09 7.4111E-01 109957E+O1 3.7797E+02
2.9338E+07 5.L957F-0~ ?.411?E-01 1.8~58E+Ol 3.7851E+02
2.9338E+07 5.lf’J5~E-o? ?.411?F-01 1.9959E+01 307961E+02
2.9339E+07 5.19~QE-07 ?0411?E-f)l 1.q959E+Ol 3.8501E+02
2.9339E+07 5.104?E-O? ?.$114E-91 1.9962E+01 309543E+02
2.9341E+07 5.l~70F-92 904119C-01 10q971E+Ol 403592E+02
209345E+07 50107qE-O? ?0412?F-01 109982E+O1 4.8165E+02
?.9354E+07 5.1165F-O? ?.4135F-01 1.9005E+01 5c6374E+02
2.937~E+07 501194E-11~ 7.415?E-’?I 1.Q019E+01 5.8378E+02
2.941OE+O7 5.1159E-07 ~.41Q5c-01 1.9017E+01 4.6399E+02
2.9519E+07 501?37C-5? 2.4?43E-01 1.9015E+01 1.9742E+OZ
2.Q49EE+07 5.l?41E-n? 9e4a9?E-91 10a085E+Ol 1.5254E+02
3.005PE+07 5.151?F-9? 2.4~39C-01 1.9Z56E+01 1.5791E+02
3.1138E+07 5.1Q3?F-9? 7.4646S-01 1.9655E+01 1.6091E+02
3.Z939E+07 5.9957C-O? 7.4Q?1E-51 ?.0044E+01 1.6138E+02
306539E+07 50?930E-02 ?.59925-’31 ?o0428E+01 1.6151E+OZ
4.7338E+07 5.7~90F-O? ?.51a9c-131 ?.0688E+01 106148E+OZ
6.0874E+07 5.?714E-O? ?.5216E-01 ?.!)564E+01 1.6Z03E+OZ
6.533~E+07 509777C-97 ?.9*16F-01 ?00505E+Ol 106214E+O2
1.0134E+08 503074F-07 ?05175F-’31 200047E+01 1.6232E+02
200Q34E+03 5,3174E-O? ?.5045E-01 1.QZ46E+01 1.6479E+02
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TA9LE C-YYVT

TM[, uNfT 2, 22-STEO PnwEQ 141ST~0Y, FIJLL c~o~ CALC., CINDER-10(LASL) 7f79

EL4PSED cflnL TNG

1S TIAE (S) TIME (S) TOTAL Nuc GTSS DENS ACTIVITY POUER

1 2.23200E+05 O. q.37137E+O0 4.lq687E+O0 9.37567E+19 6.11500E+08
2 1.29366E+07 10?7134C+57 9037175E+05 4.1n487E+00 4.61989E+16 0.
3 10407Z4E+O7 0. 4.4~ll?F+IY\ ?.24503E+01 8.59513E+19 5.24520E+08
G 1.44684E+07 O. 7.lq%6?E+Ol 3.59149E+01 1.?8202E+20 1.109OOE+O9
5 1.51L)92E+07 6.40859E+95 7.1?471F+OI 3.59149E+01 5.70238E+18 O.
6 1.64232E+07 O. lo019~3F+52 905QOo9E+ol 2.46449E+20 1.48894E+09
7 1.6891?E+07 307SOOOE+135 1.a19~4E+O? ?.5q909E+Ol 1.59692E+19 O.
9 1.70LOOE+O? 0. 2.2?507E+O? 1.I1231E+02 3.76507E+20 2.39780E+09
9 1.71054E+O7 9.54000F+!34 2.??51Y9E+O? 1.11231E+02 3.23746E+19 O.

10 1.72890E+!37 O. ?.454135c+o? 10?~$79E+02 3025770E+20 2.03410E+09

11 1.95304E+07 202q160F+95 7.45407E+O~ 10?2679E+O2 5.75479E+18 O.
12 2.05460E+07 O. 3,R7779E+O? 1.91357E+02 3.45392E+20 2.L0409E+09
13 ?.11324E+07 5.36400F+!)5 3097772E+O? 1.91357E+02 1080575E+19 0.
14 2.20212E+07 O. 9.0Q515E+O? 7.94733E+O? 4.05876E+20 2.46730E+09
15 2.31732E+07 0. 4.70Q06F+9Z 3.35397E+02 3.85618E+20 2.29180E+09
16 2046660E+07 1.49291E+04 5.TOq07E+9> 30?5397E+02 1.61236E+19 0.
17 2.463965+07 O. 6.7f)q75E+f)? 3.35431E+02 2.04580E+19 3.34000E+07
18 2.71189E+!37 O. 1.9a~?Qc+~~ 5.17777E+02 4.L7448E+20 2.46214E+09
19 Z.7b375E+07 O. Xol1750F+03 5.59956E+02 4.62@45E+20 2.74350E+09
20 2.76569E+07 5.’?4oOOF+O4 1.11750F+03 5.5q?56E+02 7.85Z43E+19 0.
21 2.77236E+97 O. 1.12339E+33 5.51*ObE+02 3.00661E+20 1.69760E+09
2? 2.9337f3E+97 O. 103Q’)O9E+93 4095?28E+02 4.61196E+20 2.69970E+09
23 2.93378E+07 1.0009flE+O0 1.3’J91?OE+03 5.~52?8E+02’ 4.39726E+20 0.
24 Z.9337°E+97 4.00099F+90 1.3Q900F+03 5.95?28E+02 4.09939E+20 0.
25 2.9337QE+07 1.000QQC+7? 1.?Q70QF+93 5.95?28E+02 3.80462E+20 0.
26 2.93379E+07 4.000096+01 1.~Q3!30E+03 5.95??8E+02 3.25417E+20 0,
27 2.93379E+07 1.C90P9E+9? 1.3Q’)o13F+03 5.95?29E+02 2.879’12E+Z0 O.
28 2.93382E+07 4.0000’lF+!3? 1.3Q’300E+03 5.Q5?2!3E+02 2.36830E+20 0.
29 2.S’3388E+97 1.0UOOnE+93 lol~?OOE+’33 4.?5?28E+02 2.O411OE+2O 0.
30 2.?3414E+07 3.b!10’)fl~+03 1.30?09E+!)3 $.95?28E+02 1.57103E+2O O.
31 2.93450E+07 7.20099E+93 1.39300F+93 5.95?28E+02 1.36500E+20 O.
32 2.93558E+07 1.900!)’3E+’34 1.3Q70’3E+03 5.95229E+02 1.13087E+20 O.
33 2.93738E+137 3.60!)OOC+04 1.3’?9130E+03 5.95228E+02 9s59714E+19 O.
34 2.9~OQ9E+07 7.20!JC9F+94 1.?0209E+03 4.95?29E+02 7.?0343E+19 0.
35 2.95178E+07 1.EOO!30E+05 1.391300E+!)3 %.95?29E+02 5.90702E+19 O.
36 2.96979E+97 3.40000?+95 1030700?+03 6.Q5?29E+02 4.66281E+19 O.
37 3.0i3578E+07 7.2aO03E+’)5 1.39300?+03 A.05~28E+02 3.54130E+19 O.
38 3.11378E+07 1.6!300~F+~4 1.307!3~E+93 5.Q5’?28E+02 2.24734E+19 0.
39 3.29378E+07 3.600005+06 lo3a9f3’3F+03 5.95228E+02 1.4612!3E+19 O.
40 3.65379E+07 7.200913E+05 1.3q39QF+03 5,Q5?28E+02 9.49797E+18 0.
41 4.73379E+07 1.ROC)!)’3C*97 1.3?9095+03 %.95?28E+O? 2.93655E+18 0s
42 6.09739E+07 3.1536fIE+~7 1.3Q?Q9E+03 6.05228E+02 1.31440E+18 0.
43 6.53379E+07 3.690n9c+37 1.?q~9qE+93 5.a5?28E+02 1.L0263E+19 O.
44 1.01338E+08 7.2000’JF+C17 1.3q’J97C+03 5.35?29E+02 4.67316E+17 O.
45 2.09339E+O$I 1.9f309’lc+nQ 1.3Q?Q6E+91 5.95??9E+02 1.51650E+17 0.
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TIIIo UNIT 29 22-STEp omUFQ HISTnQY. FIJLL C!IQE CALC., CINDER-10(LASL) 7/79

COOLTNG
1S TIHE (S) T?TAL nENf A:TTVITY gETA MEVIF GAMMA qEVtF TOTAL MEV/F

1 0. 9.37177?+00 Q.37567E+1Q 5.21458E+O0 5.80503E+O0 1.20196E+01
2 1.Z7134E+07 8.37175E+09 4.4198’JF+15 7095p68E-04 8.18572E-04 106O444E-O3
3 3. 4.4Q117C+91 R059~13E+lQ 5.39776E+O0 5.97155E+O0 1.22793E+01
4 0. 7.19457C+!71 1.7q?07E+?’Y 50?7~71E+O0 5.91fJ6~E+O0 1021933E+O1
5 6040@OOE+05 7.19471E+91 5.7n?3qc+19 4.65q24E-02 8051404E-02 1031823E-O1
6 0. 1.919?3E+O? ?.44449F+?9 5.31017E+OO 5093993E+O0 1023OO1E+O1
7 3.78000E+05 1.918?4E+~? 1.5%9?E+19 9.70929E-02 1.74116E-01 2.71?09E-01
8 0. ?.22in7F+3? 3.74597E+?’3 5.??379E+O0 5.84975E+O0 1.?0735E+01
9 9.54000E+04 2.2Z5f)fJE+9? 3.73~46c+19 1.45597E-01 2.12227E-01 3059925E-01

10 i). 2.45496E+9? 30?5772?+?9 5.?4Q60E+O0 5.89508E+O0 1.21447E+01
11 ~029140E+06 2.454fi?5+nz 5,75470E+19 9.7qlllE-02 3.90360E-02 4.68471E-02

12 9. 3082779E+n? 304539ZE+29 4.27945E+O0 5.946?6E+O0 1.2??57E+01
13 5.36400E+05 3.9277~c+O? le~2575~+l~ 7.q?079E-02 1.34679E-01 2.12987E-01
14 0. 500?515C+’3? 4.05q76E+?3 6027053E+O0 5.94075E+o0 1.22113E+01
15 o* 6.7’3396E+9? 3.q5519F+29 5.29620E+O0 5.99549E+O0 1022’?17E+O1
16 1049281E+O6 6070997F+O> 1061??~E+19 6.q7215E-02 1oO1924E-O1 1070646E-01
17 0. 6.70875E+O? ?.045$!5E+1Q 1.05191E+01 10Z3094E+O1 2028275E+01
18 0. 1.0353~E+93 4.17$4qF+?9 6.??042E+O0 5.98059E+O0 1.2251OE+O1
19 0. 1.117513E+?3 ~.5?q45F+?9 5.25354E+O0 5.94884E+O0 1022324E+O1
20 5.94000E+04 1.l17qOE+0a T.q5?43E+19 3.I?L30E-OL 4.43888E-01 7.56368E-01
21 0. 1.1233qc+93 30’30551E+?0 602a578E+O0 6.0670@E+O0 1.23629E+01
22 o* 1.3?O013C+9a 4.Allq5F+?0 6025Q50E+O0 .5096669E+O0 1022262E+O1
23 1.001330E+O0 1.39099C+Q3 4.?Q7?4c+2fl 5.6R773E+O0 5.53358E+O0 1.12?13E+01
24 4.0000OE+OO 1.39’309C+’i3 4.0Qa39E+29 4.Q9347E+O0 5.01853E+O0 1.00920E+01
25 1.0C)900E+’31 1.39099E+33 ?.q’3~%?F+20 4.3~924E+O0 4.56194E+O0 8.91119E+O0
26 4.0000OE+O1 1.39099’+’33 3.?5417E+?3 3.30?55E+O0 3.71448E+09 7.51722E+O0
27 1.00000E+02 1.390f?~c+’33 7of!Taq?F+9’1 9.65902E+O0 3.I0892E+O0 5.75a94E+O0
28 4.00000E+92 1.39909!+93 7.35~39c+?0 1.’?n353E+O0 2.34725E+O0 4,Z3079E+O0
29 1.00’)OOE+03 lo3900qC+03 7.94I1OF+?O 1.47!)43E+O0 1.93313E+O0 3.40356E+O0
30 3.62000E+03 1.3909?C+O? 1.571??E+29 ~.56~06E-01 1.30642E+09 2.27323E+O0
31 7.20000E+’33 1.390~’7F+9? 10~5~09F+?9 T05Q429E-01 9099050E-01 1.75948E+O0
32 1.8000C)E+04 1.39009C+03 1.la9q7F+?9 5.41617E-01 7001234E-01 1024285E+OO
33 3.60000E+04 1.39090E+93 9.5q714’+lQ ~o?7372E-01 5.59211E-01 9.91593E-01
34 ?.23300E+04 1.3900nC+Q3 7.0f1363F+19 ~.95970E-01 4.50542E-01 7.54512E-01
35 103OOOOE+O5 1.3~270E*Q3 50q07L)?E+19 ?.05q86E-01 3034879E-01 5040966E-01
35 3050300E+I)5 1.39050E+O? 4.649R1F+1Q I059Q70E-01 2.63655E-01 4023525E-01
37 7.20000E+05 1.39000E+93 3.54135E+la 1.?!4088E-01 1.95620E-01 3.19709E-01
39 109OOOOE+O6 1.399q0E+q? 7.747~4E+19 q.lQ’J89E-02 1011’4O6E-O1 1093oo5E-O1
39 3060000E+06 1.39099F+03 1.4412qF+La 5.?Q149E-02 4.36475E-OZ 1.1456ZE-01
40 7.20f309E+06 1,39900C493 P.43TQ7C+19 3.?0401E-02 3.39143E-02 6.59543E-02
41 1.30000F+07 lo339aQE+93 ?eq3555E+lq 1.41514E-02 9.96273E-03 2.41142E-02
42 3.15360E+97 1.3990’FwII 1.31$4f)E+lq 7.a552BE-03 2.48154E-03 1.04478E-02
43 3.60000E+07 1.3399QE+9? 1.1’l?6?E+lq 6.?9002E-03 1.63930E-93 9.60932E-03
44 7.20000E+07 1.33937F+03 4.57315F+17 7.79%14E-03 4.29909E-04 3022604E-03
45 1.t30002E+08 1.399’34?+93 1.51559E+17 5.5q956E-04 2.35494E-04 8.04460E-04
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TARLF C-XYVTII

TMI, UNIT 2, 2?-STEp nlwE~ HTSTWY, C’JLL COQE CALC., CINDEQ-10(LASL) 7/79

?AS FQACTTCINS ‘IF TDTAL NUCLIDE VALUES

C~CILING
TS TIqE (S) DENQITY Q-9ENSITY ACTtVITY BETA GAM~A TOTAL

1 00 1.4319F-91 5.934C-5? 1.~q?E-91 2.0144E-01 2.4566E-01 2.22EOE-01
2 1.2713E+07 1.4063?-01 4047QF-03 4.?97E-94 3.7932E-04 1.4857E-05 1.9337E-04
3 0. 1.5244E-51 ?.q5~E-5? ?.3?5E-C)l 200193E-01 204Q69E-01 Z.2515E-01
4 0. 1.5513C-01 ?.00qF-O? 1.99?E-01 Z.0116E-01 2.4803E-01 2.2391E-01
5 6.4080E+05 1.4915E-011 .47QF-O? 7.?94E-’)1 1.61L)7E-01 2.4923E-01 2.1801E-01
b 9. 1.5578C-91 >.lq6E-O? 1.9Q5F-!31 2.0024E-01 2.4795E-01 2.2343E-01
7 3.7800E+05 1.5297F-01 1046OF-’)? ?.lQ~E-01 107318E-O1 207912E-01 2.4119E-01
8 0, 1.5446c-~1 IOQ4QF-’2? 1.939E-01 1.9891E-01 2.4344E-01 2.2049E-01
9 9.5400E+04 1.5346F-91 1.41%F-9? ?.49qF-C)l Z.1494E-01 3.5139E-01 2.956ZE-01

10 0. 1.5427E-01 1.79C)F-07 1.947E-91 1.9895E-01 2.4447E-01 2021O5E-O1
11 2.Z914E+06 1.4995E-01 5.177E-03 3.q13F-f3? 1096Z9E-OZ 2.6944E-O? ?03901E-OZ
12 0. 10548ZF-O1 1.55?E-02 10~57E-01 109883E-O1 2.4677E-01 2.2215E-01
13 5.36~OE+!35 1.5265=-01 Qo775F-n3 1.’JO9E-9I 1.4Z21E-01 2.3699E-01 ?.0211E-01
14 0. 1.5519C-01 10~3qE-O? 1.Q41C-01 1.9770E-01 2.4532E-01 Z.Z087E-01
15 0, 105561E-9I 1.?I?F-9? 1.933F-01 1.9656E-01 2.4425E-01 2.1992E-01
16 1.4929E+06 1.5250C-91 5.7Qqc-97 4.94qc-O? 3.9068E-02 5.5343E-02 4.8386E-02
17 0. 1.5Z48F-91 5.74qc-03 90417F-~? 1oZ681E-O1 1.3305E-01 1.3018E-01
19 i). 1.5559F-91 1o!)54E-I)? 1.905E-01 1.9457E-01 Z.42~8E-01 2e1794E-01
19 ‘3. 105557E-91 100A~F-o? 1.q95c-!31 1.9349E-01 2.4150E-01 2.1690E-01
20 5.9400E+04 1.5546C-91 1.907F-02 2.199F-91 1.8919E-01 3.3347E-01 2.7397E-01
21 o* 105542’-91 9.9Q7~-03 1.qQ3F-91 1.9331E-01 Z.407?E-01 201659E-01
22 0. 1.5570E-131 ~.79?E-O? 10975C-01 109213E-O1 204012E-01 2.1555E-01
23 1.0000E+OO 1.5570C-01 0.7?QC-03 l.QQ?E-O1 109599E-O1 2.4542E-01 2.2031E-01
24 4.9000F+O0 1.55TOE-nl 9.7Q~E-93 l.~n~F-~1 1.9607E-01 2.4952E-01 Z.2239E-01
25 1.00CIOE+O1 1.5570E-51 9.701?E-03 1.913E-01 1.9507E-01 2.5060E-01 2.Z350E-01
26 4.0000E+31 1.5570F-91 ~.707F-03 1.901E-01 1.8444E-01 2.5205E-01 2.20Z3E-01
27 1009OOE+O2 1.5570F-~1 Q.755F-03 1.q73E-fJl 1.6950E-01 2.5351E-01 2.1478E-01
29 4,00!)CE+OZ le5570F-nl ‘?.70?F-03 t.q71F-01 1.4802E-01 Z07131E-01 Z0164ZE-01
29 10009OE+O3 1.5570FJII ~0496F-(33 1.944E-01 1.4608E-01 Z.9767E-01 ?.3ZldE-01
33 3.620CE+’33 1.5570C-91 ae471E-03 2.15?E-91 106834E-O1 3.5919E-01 2.7802E-01
31 7.2000E+03 1.5569E-01 Q.436F-03 ?.?04E-01 1.6991E-01 3.7727E-01 2.8705E-01
32 108000E+04 1.5555F-91 Q.54?I=-03 ?.144E-01 1.61e7E-01 3.5308E-01 206805E-01
33 3.6230E+04 1.5560F-11 Q.4975-03 70177F-01 1.7243E-01 3.3399E-01 2.6447E-01
34 7.ZOOOE+04 1.5550C-ml 9.161E-93 ?.945E-01 1.8154E-01 3.101OE-O1 ?.5811E-01
35 1.aOOOE+05 1.5527F-91 Ro54q=-O’3 l.q?~E-01 1.5684E-01 206457E-01 2.2354E-01
36 3.60LIOE+05 1.5497E-01 7.76PF-03 1.5q?E-01 1.2105E-O1 2.086ZE-01 1.7557E-01
37 7.ZOOOE+05 1.5449E-01 4.619E-93 1.171E-01 7.66$38E-02 1.2789E-OL 1.0801E-01
3q 1.n330E+05 1.5336F-?l 5.?14F-!33 4.’33%F-I3? Z.1536E-02 3.167f3E-02 2.7416E-02
39 3.60’JOE+06 1.5376F-01 4.q6?F-IY3 7.1371E-03 3.7896E-03 5.7Z97E-03 ~.8489E-03
40 7.203CE+96 1.53B4F-fil 4.R77c-fJ7 6.q4SF-04 4.6775E-04 ?.8214E-04 3.7231E-04
41 1.eOOOE+07 1.5390C-01 4.a05E-03 1.174E-03 7.3872E-04 904068E-06 4.374aE-04
42 3.1536E+07 1.538RC-91 4.P77C-?3 7.55?F-93 1.2764E-03 3.6465E-05 9.8189E-04
43 3.6000E+07 1.5388E-01 4.967E-03 3.014F-93 1.4560E-03 5.307QE-OS 1.1E07E-03
44 7.230CIE+07 1.53?0?-01 4.7a4~-O? 6.405E-1)3 3.3474E-03 1.9375E-04 2.9272E-03
45 1.9030E+09 1.5359E-131 4.559F-9? l.%??E-f)? 1.31eeE-02 2.8356E-04 9.4102Ey03

139



TPI, UNIT 2, 22-STEO oqWFR HIST~R~o FtJLL CIYQE CALC., CINDER-10(LASL) 7/79

N9qLE G4S FQdCTTONS

“NqqLE S4S FQACTI~NS OF TOTAL NUCLIDE VALUES

C’30LING
Ts TIfIE (S) 9ENR~TY Q-9EW<TTY ACTTVTTY 9ETA GAMMA TOTAL

1 0. 1.2747E-01 ?.~71F-O? 1.049F-91 1.0059E-01 9.8800E-02 9.9776E-02
2 10Z713E+O7 1.3559C-01 1.297’-03 4.q33E-94 3,7504E-04 6.2312E-06 1.8688E-04
3 a. 1.3767F-!JI 105I7F-O? 1.0S9E-91 9.9893E-02 906671E-02 908326E-02
4 0. 1.389?E-!31 1.5~4E-f)9 1.I130F-01 9.9457E-02 9.6649E-02 9.8094E-02
5 5.4090E+05 1.4071F-01 7.RR4F-01 1.?45E-01 4.5449E-02 2.0964E-02 2.9635E-02
6 0. lo4?68F-nl 1.1?2E-02 lc9~3E-01 9.8584E-02 9.5151E-02 9.6912E-02
7 3.7900E+05 1.4464E-01 7092?E-03 1.?O?E-01 403143E-02 Z.0647E-02 2.8701E-02
8 0. 1.4292E-~1 q.341?-03 l.OfllF-01 9.875ZE-02 9.6243E-02 907536E-02
9 9.5400E+04 1.4406@31 qo?79E-03 1.555E-91 5.1137E-02 3.2464E-02 4.0096E-02

10 0. 1.4333E-91 ?.45S~-03 1.095F-91 9.8509E-02 9.5640E-02 9.7117E-02
11 202914E+06 lo4365F-131 1.5qQE-03 1.q?lE-9? 6.0665E-03 3.5729E-03 4.6103E-O3
12 0. 1.4527E-L)I 7.4Q1F-03 1,0131E-I?l 9e7804E-02 9e4549E-02 9e6220E-02
13 503640E+05 104595E-91 4a6129F-03 le975E-51 308413E-02 108897E-O2 2c6067E-02
14 0. 1.4501E-Cil 4.739F-03 9.9QqE-9? 9.7221E-02 9.3870E-O? 9.5591E-02
15 o* 1.4704E-01 5.1?9E-03 9.RQ7E-n2 9.6513E-02 9.2623E-02 9.4616E-02
16 1.4929E+06 1.4695C-51 1.~q4E-03 3.755E-O? 1.271OE-O2 4.99f15E-03 9.2986E-03
17 0. 1.4694E-01 1.q57E-03 5.117E-O? 6.1943E-02 4.7227E-02 5.4009E-02
19 0. 1.47R8F-01 4.539F-03 Q.717E-O? 9.5480E-02 9.1478E-02 9.3528E-02
19 0. 1.4@OlF-f)l 4.595~-93 ‘4.6?qC-9? 9.4940E-02 9.0963E-02 9.3001E-02
20 5.940i)E+04 1.4827F-91 4.597’E-03 9.504E-O? 4.3547E-02 3.1063E-O2 3.6221E-02
21 0. 1.4929F-~1 4.fo’)5E-03 Q.764E-02 9.4703E-02 8.9189E-02 901997E-02
22 0. 1.4839E-01 4.044F-03 9.519E-0> 9.4197E-02 809975E-02 9.2136E-02
23 1.f3090E+O0 1.493QE-01 4.044E-03 9.57?E-9? 9.6317E-02 9.0957E-02 9.3674E-02
24 4.0000E+30 1.4839c-f!l 4.!)4~F-133 Q.5t35c-O? 907178E-02 9.1139E-02 9.4148E-02
25 1.0000E+O1 1.4839E-L)l 4.044F-03 9.60?E-92 9.7994E-02 9.13S7E-02 9.4606E-02
26 4.0000E+O1 1.4839F-01 4.044F-03 9.363E-92 9.4880E-02 8.8340E-02 901418E-02
27 1.0000E+02 1.4839E-Q1 4.043!-03 ~.034F-07 8.8327E-02 8.4494E-02 8.6263E-02
29 4.0000E+02 1.4839C-01 600GIE-03 q.344E-02 6.7924E-02 7.7715E-02 7.3312E-02
29 1.0030E~03 104939C-!!1 4.039C-03 7.945F-O? 4.992~E-02 7.04@3E-O? 501603E-02
30 304000E+03 1.4941E-01 40036F-03 ~.OQOF-02 4.2519E-02 6.7520E-02 506945E-02
31 7.2330E+03 1.4944E-’?1 4.03~c-03 9.431E-92 3.9804E-02 !).7775E-02 5.5605E-02
32 1.8000E+04 1.4849E-91 4.02QF-03 q.771E-02 3.6151E-02 5.5564E-02 4.6931E-02
33 306000E+04 lo4B55E-nl 4.O’?7E-03 ?.043E-’37 3.9817E-02 3.@291E-02 308512E-02
34 7.2000E+04 1.4961E-01 ?.Q3?E-133 0.347E-07 4.1940E-02 2.7099E-02 3.3095E-02
35 1.8000E+05 1.4869F-91 3.6aOE-03 9.029E-O? 3.4124E-Oi 1.8389E-02 2.4381E-02
36 3.5000E+05 104867E-OI 301??.F-93 qo541c-9? 3.0051E-02 105624E-O2 2.107OE-O2
37 7.2000E+!)5 1.4954E-n! ?.3545-03 4056?E-9? 202759E-02 102OOC)E-O2 1.6175E-02
3S 1.8000E+06 1.4839F-01 10473’=-03 ?.04?F-II? 6.9323E-03 4.0946E-03 5.2970E-03
39 3.6000E+06 1.4944E-n7 1.745E-03 2.447E-93 8.8388E-04 5.4904E-04 7.O1O4E-O4
40 7.2000E+06 1.4S47F-f)l lo239c-03 4.671F-04 3.3835E-04 2.5531E-05 1.7750E-04
41 1.8000E+07 1.4944E-@l 1.21??-03 1.174E-03 7.3871E-04 9.3882E-06 4.3739E-04
42 3.1535E+07 1.4941E-91 1.17~E-IY3 7.5=~E-03 1.2764E-03 3.6464E-05 9.8199E-04
43 3.6000E+07 1.4840E-91 1.16BE-03 3.014E-133 1.4560E-03 5.3077E-05 1.1807E-03
44 7.2000E+37 1.4932E-nl 1.0*5F-93 6.5fl~E-’)3 3.3474E-03 1.9375E-04 2.9272E-03
45 1.8000E+08 1.4811E-01 80609F-04 1.63?E-02 1.3188E-02 2.8354E-04 9.4102E-O3
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THI-Z IF OPERATED 26K ~Qe AT ?~~?. MU CnYT. CINDER-lO(LASL) 8?79

C!lYTI=N7 7F ‘4~9LE GASES AwD HALOGENS
(EYcCCOTNG ~.aoOgqE-OZ PEQcENT oF ToTAL 6As)

TIqE STEP 22
ELApSED TIqE=?.3491bC+97 SCC
COOLING TIME-O. SEC
ToTAL ACTIvITY=3.Q”O?6~+20
clJR[~s IN ALL !=0= 1.97!1SC+13

IN ALL GAS= 1.4<69’E+oQ
IN HAL13GENS= a.7137QF+9q

IN N09LE GAS= 7.q3q74?+03
TOTAL 9ETA RfEV/FI~~=5.914~7C+09
TOTAL GA!IYA UEVIFTSR=5.54939E+90
TOTAL 3ETA+GAWMA=10? ~663E+91
FRACT15N OF TOTALS IN GAS PQg09CTS

BETA FQACTION=l.53077E-01
GA?MA FRACTIIN=?.101?3F-O1
TOTAL F9ACTIqN=l oq0469E-f31
FRACTIONAL DEN~TTV ALL $A$=l.55576=-01
DENSITY CiF RAOIIA:TTVF %lS=6.?l~37F-03
FRACTIONAL GAS ACTIV17y=l.53495E-01

DECAY pOWER IN qW FIQ ALL co IS
TOTAL 9ETA YtJ=6.5?73?=+ql
T’ITAL GAMMA q’J=6.12379F+Ol
TOTAL 9ETA+GAUYA qW=l.?5511E+9?

(MULTIPLY HEV/F %Y 1010352E+OI TD GET ~W)

***TABULAR VALUES At?E GTVFS4 AS F9AcTT~NS OF ALL NUCLIDES***
NUCLIDE DENSTTY ~fJq~~s ~ETt WEVIF GAMMA tlEV/F B+G qEVfF

z A S
35BR 93 0 2.21179E-f37 5.~0709E-04 2.03257E-04 4088132E-06 1oO7?33E-O4
359R 94 0 8.33663E-~~ 1009*~5E-!3? 1.a4457E-03 2.00039E-03 1.6620?E-03
35BR 85 0 9.01B49E-00 1.31079C-93 1.?75q9E-03 B.84820E-05 7.01641E-04
35KR 95 1 9.5949?E-97 1.333Q1C-03 ?.0*?55E-04 205504BE-04 2.75792E-04
35BQ B6 O 1.99145E-99 q.06?29E-94 1.57515E-03 3.13797E-03 2.33164E-03
35BQ B5 1 1.4395?E-1~ 9.lllt5E-~4 ?.75~l!iE-03 1.5S~62E-03 2.18753E-03
35BR B7 O 4.77709E-00 ?.1425aC-03 4.49943E-03 3.86035E-O? 4.18026E-03
35KQ. 87 0 4.50399E-!)7 2.47?9RE-03 3.?7014E-03 2.0~490E-03 2.65642E-03
359R 89 0 1.40959E-qO ?.?lqq?E-93 5.4$353E-03 4035601E-03 5.54657E-03
36<R 99 0 1.42754E-’l~ 3.54477?-93 q.6?74~E-04 B.19262E-03 4.40596E-03
358R 89 0 2.55~77E-?? 1.4793?5-0? G.07737F-03 3.06016E-03 3.5f149SE-03
3b<R 89 0 3.24397E-fi9 4.2Q3!3?E-03 5.?l???E-03 9.23416E-03 7.15905E-03
35BQ 90 0 5.83240E-11 9.17~43E-54 ?.Q9096F-03 2.20492E-03 2.6151?E-03
36KQ 90 0 5.64993E-9Q 4.2??13?-03 4.95719E-03 7.70735E-03 6.26252E-03
359R 91 0 7.3?512E-12 ?.05q50C-04 9.17’3~lF-04 7.42007E-04 9.32304E-04
36KR 91 0 1.07890E-9Q 3.lI)q51E-03 7.qq324E-03 2.34359E-03 5.17597E-03
359R 92 0 5.95561E-l? 4091776F-95 1.5?9*?C-04 1.3141BE-04 1042544E-O4
36KR 92 0 1.16454E-19 1.5?405’-93 3.7?734E-03 1.24293E-03 2052476E-03
36<2 93 0 3.3360SE-11 4.0?IO?E-94 1.46~24r-03 1..29459E-O3 1.47396E-03
36(Q 94 0 1.79923E-1> ?o144~%F-94 4.345Q1E-04 4.02385E-04 4.19049E-04
53 1130 0 3.75752E-07 ?.19665E-04 6.34492E-05 4.66104E44 2.57014E-04



53 1131 0
53 1132 0
53 X133 o
54XE133 O
53 1134 0
53 1134 1
54XE134 1
53 1135 0
54XE135 O
54XE135 1
53 1136 0
53 1136 1
53 1137 0
54XE137 O
53 1138 0
54XE139 O
53 1139 0
54XE139 O
53 1140 0
54XE140 O
53 11+1 o
54XEL41 O
54XE14Z O
54XE143 O

TOTAL GAS

TOTAL FP

TOTAL GAS
FRACTIONS

1.64553E-q4 5.9?RloE-07 1.07471C-03 2.40842E-03 1.72133E-03
2081355E-05 9.56043!-03 4.3Q774F-03 1.99918E-02 1.19461E-02
3.52704E-9= 1.17q8Qc-9? 4.91~46F-03 7.36357E-03 6.05130E-03
2.17750E-9G 101Q?75C-O? 1.lq~41E-03 1.01344E-03 1.10423E-O3
1.59170E-q% 1.25??9?-0? !!.q3Q4?F-03 3.41542E-02 2.09393E-02
1021999E-OQ 10Gl?%qF-03 9. 4.65761E-04 2.25452E-04
103137oE-I? 1oI33Q5:-o4 9. 2.36699E-04 1.14570E-04
1.03546E-n5 1.093?0F-09 4.21?5%E-03 1.66117E-02 1.02L49E-02
2.81263E-’35 ?.1324?E-93 5.475?5E-04 5.81913E-04 6.15459E-04
8.8498?E-OQ 7.417QoF-03 O. 1.32659E-03 6.42141E-04
1063631E-O9 40q34??F-’)3 9.7495?E-03 1.13986E-02 1.00318E-02
5.52194E-’3Q ~.q7?7*.c-O? 5.4~69QF-03 5.78572E-03 5.62091E-03
4.73707E-09 4.131953F-03 7014730E-03 1.0Z036E-02 8.62673E-03
9.35925E-OQ 1.01649F-92 1.?3?3qE-02 2.07184E-03 1.04570E-02
6.32246E-10 ?.4?444’-03 5.05715E-03 6.86273E-03 5093114E-03
3016729E-07 Q.3!)417E-03 5.99154E-03 1.16044E-02 8.70f?4QE-03
1.125Q9E-10 1.1T~?9c-n3 ?.01~3qE-03 3003024E-03 z.59559E-03
1.13595E-9q 7003~715-03 1.?31~5E-02 6081135E-03 9.64856E-03
1.24545E-11 3.6?517E-94 7.49aq9E-04 1.10944E-O3 9.1Q28SE-04
2.45286E-OQ 4.51494E-Ci3 309Q?71E-03 6.41Q36E-03 5011525E-03
1.10171E-I7 5onQ470c-05 1.314aQE-04 2.07644E-04 I068357E-04
1.09934E-in 1.5QQ?4C-’)3 2.45955E-03 3.78891E-03 301O357E-O3
3.13877E-11 ~.4~917E-04 60918?3E-04 1018639E-O3 9031219E-04
1.44972E-l? 1.2094$C-04 2013029F-04 3039407E-04 2.74203E-04

2.24027E+53 10654a5E+09 Q.05191E-01 1.16609E+O0 2.07124E+O0
8.q5723E+Ol lQAOTlhtTTVE GAS f)FNSITY)

1044045E+94 1.07qlQE+10 50914g7E+O0 5054930E+O0 1.14643E+01

1.55526E-9? 1.534qqE-51 1053O27E-O1 2.10133E-O1 1.80669E-01
6.21837E-93 (Q4~Tq4CTTVE c~ACTT~N OF TOTAL FP)

N08LE GAS
FRACTIONS 1.48297E-01 7.?70375-0? 7.49?30E-02 6.84145E42 7013082E-02

1.16532E-03(N19LE QtDI~ACTTVE GAS FRACTION OF T9TAL FP}

TF!I-2 IF OPERATEO 26K HQs al 777?. Mu ~tyNT. c[F’JDER-l13(LAsL)8/79

CPVT?MT IF WnaLC 5ASFS ANO HALOGENS
(E~CEEOING 1.’YO5OO=-L)? OEQCENT OF TOTAL GAS)

TIME STEP 23
ELAaSE!l TIXE=q.34qlAC+n7 SEC
COOLING TIUE=l.00099E+9’3 SEC
TOTAL ACTIVITY=3.9?44”C+2!3
CURIES IN ALL FP= 1.03%34C+19

~N ALL GAS= 1.5955%F+O?
IN HAL!JGENS= 9.503?3F+03

T13TAL BETA YEV/FTS~=5.437?qE+39
TOTAL GAnqA ~EV/FTSS=5.1914qc+90
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TIITAL BETA+GAM~A=l.0614QE+Ol
FQACTION 9F TOTALS TN G~S POIDIJCTS

9ETA FRACTInV=l,55~n~c-91
GAWMA FRAcTIgN=7.15?43E-01
TOTAL FQACTIIN=l .Q5123C-01
FRACTIONAL DcNSrTv ALL :Af=l.555?4E-01
OENSITY OF RAPIOAC7TVE %AS=5.21Q16E-03
FRACTIONAL GAS ACTTVTTV.I.549Z5C-01

DECAY PDWER IN ~U c~~ ALL FO 1S
TOTAL RETA ‘12=509~575E+31
T7TAL SAHY4 wu=5.7!7913c*~l
T9TAL BETA+GAu~A ~U=l.17136F+92

(9ULTIPLY MEV/F qy 1.1035?E+O1 T~ GET W)

***TAflULAR VALUES ADE GTVCN 4S FRACTT~N$ fJF ALL NUCLIDES***
NUCLIOE DEVSTTY CU?TES qET4 VFV/F GAtltlA MEV/F

z A S
B+G MEvjF

359R 83 0 2021178E-07 fJ.64~70E-04 2.21276E-04 5.22782E-06 1.15814E-04
35BR 84 0 9.33bf+9E-~a 1.1374qc-O? 1.45374E-03 2,14235E-03 1.7Q509E-03
35BR 84 1 7.697.2OE-10 5055733E-95 5.1’3S?9E-05 1065587E-O4 1oO6977E-O4
359R 95 0 9.0099bE-n0 1.~6>?9F-~1 1.?qq77c-03 9.46725E-05 7.570b9E-04
36KR 85 1 8.5~499E-97 1.3976’E-03 3.21439E-04 2073153E-04 2.97864E-04
353R 86 9 1.98104E-~9 9.379Q?E-04 1.~05865-03 3.34319E-03 2.50511E-03
353Q 36 1 1.54025E-10 R.Q1745=-!14 ?.q1751E-03 1.59533E-03 2.22092E-03
359I? 137 0 4.74345E-09 2021?49E-03 4.8$?26E-03 4.10528E-O3 4.48302E-03
36KR 37 0 4.5039C)E-97 ?.57197E-9? 3.51544E-03 2.19001E-03 20968?4E-03
353R a+ O 1.35704E-~’4 7.9??14E-03 6.9Q3Q?E-03 4.49136E-03 5.76720E-03
3bKR 98 0 1.42760E-!16 3.68777P-93 9.39233E-04 8.76326E-03 4.75844E-03
353R 89 0 2029256E-10 1.32656E-93 3.q?502E-03 2.82490E-03 3.33734E-03
36KQ 99 0 3.?40Q2E-9q 4.450qQc-93 5.A5925E-03 9.86516E-03 7.71293E-03
359@ 90 0 308183?E-11 4.?139qE-04 ?.1391?E-03 1.54598E-03 10849O7E-O3
36KR 90 0 5.3535?E-09 4.?1573C-9? 5.949BOE-03 8011o1OE-O3 6.64551E-03
353R 91 0 ?.31895E-l? 1.00637E-94 3.15044E-04 Z.51577E-04 2.84575E-04
36KR 91 0 1.00119E-09 ?.~~4?3c-3? 7.9134~F-03 2.32917E-03 5.18757E-03
361(R 92 0 8.01644E-11 1.1?444E-33 ?.793?oE-03 9.16344E-04 1.9770’3E-03
36K3 93 0 1.79254E-11 30575~lF-’34 1.0~951F-03 8.05383E-04 9.24713E-04
53 1130 0 3.75750E-97 ?.1914’C-04 5.4?~34E-05 4.99189E-04 2.77581E-04
53 1131 0 1.64553E-04 6.16T40F-03 1.17?17E-03 2.57939E-03 1.85909E-03
53 1132 0 2.91354E-06 9.9f3SQRE-9? 4.7974?F-03 2.14109E-02 1.29021E-02
53 1133 0 3.52704E-95 1.?254q~-O? 5.?4737E-03 7.89164E-03 6.5355qE-03
54XE133 o 2.17753E-94 1.2404*F-O? 1.?74~4E-03 1.08538E-03 1.19260E-03
53 1134 0 1.59153E-95 1.31317F-92 9.?Q%05F-03 3.65771E-02 2.26130E-02
53 1134 1 10?1609E-9@ 1.4~50qE-O? 0. 4.97226E-04 2.42715E-04
53 1135 0 1.03544E-05 1.137’41E-02 4.~Q704E-03 1.77907E-02 1.10322E-O2
54XE135 O 2,812!395-05 ?.?1?71E-93 7.!)4454E-04 6023173E-04 6.64777E-04
54XE135 1 8.3475?E-QQ 2.5Q9575-93 9. 1042O41E-O3 6.93358E-04
53 1136 0 1.62941E-’7Q 5.111745-93 Q.4q501E-03 1.21562E-02 1oO7889E-O2
53 1136 1 5.442b7E-9Q 9.95?4QF-93 5.Q4559E-03 6.1076OE-O3 5.9837?E-03
53 1137 0 4.62464E-9Q 4.?9?7!3E-93 7.59Q55E-03 1.06732E-02 9.09994E-03
54XE137 O 9.34376E-09 ?.0559QE-97 1.9Q153C-02 2.21524E-03 1.12752E-02
53 1139 0 5.74131E-10 7.?QQ02F-03 4.~~34~!?-03 6.67431E-03 5.91731E-03
54XE138 O 3.16536E-’I7 9.67399E-03 4.51Q97E-03 1.24206E-02 9.39974E-03
53 1139 0 8.5055qE-11 ~..?7Ql5?-f)G 1.%559?E-03 2.45180E-03 2.04442E-03
54XE139 O 1.11929E-QQ 7.211Q65-01 1.32064E-02 7.18344E-03 1.02698E-02
53 1140 0 5.56675E-I? 1.71575~-94 3.5c)O?9E-04 5.40541E-04 4.51676E-04
54XE140 O 2033568E-13Q 4.471q9E-03 4.03535E-03 6.54558E-03 5.2607C)E-03
54XE141 O 7.40735E-11 t.l?l?aF-23 1.~f)544F-03 2.73495E-03 2025917E-03
54XE142 O 1078541E-11 3.81042E-34 4.29414F-04 7.Z2754E-04 5.72093E-04
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TOTAL GAS 2.2413?7E+’)~ 1.5~~54c+59 ‘.4QT63F-01 1.l152@E+O0 1.96504E+O0
8.Q~72~E+’11 (QA9TnA?TTVE GA? DENSITY)

TOTAL FO 1.44045E+’34 1.0~5~~E+10 5.4~329E+O0 5018148E+O0 1.06148E+01

TOTAL GaS
FR4CTIOVS 1.5552~E-~1 1.54°?~E-91 1.q6~~nfS-01 2015243E-01 1.85123E-01

6021836E-03 [QA~TIACTTVF ~Q~CTION OF TOTAL FP)

N03LE GAS
FRACTIONS 1.4$1297E-01 7e?qT~5C-’19 70~4~q4E-02 6085263E-02 7020695E-02

1.16532E-93(N19LC QiOI~4CT?VE GAS FRACTION OF TOTAL FP)

TM[-2 IF qP:PATED 24K HQS AT ?77?. ~U C~NTo CINDEQ-10(LA5L)8I79

TI~E STEP 24
ELAPSED TIME=3.34~16F+07 SEC
C09LING TIHE=4,00009C+00 ~W
TOTAL ACTIVITY=3 .51???E+29
CURIES IN ALL FP= ?.76303?+00

IN ALL GQS= 1.52544F+59
IN qALqGENS= $?.14?~3E+Oq

IN Nq13LE GAS= 7.1705~F+Oq
TOTAL BETA lEV/FIS~=4.9?391E+03
TOTAL G4MPA $lEVIFT$?=~.73?99E+!10
TCITAL BETA+GAVYA=3. 55599E+90
FRACTION OF TgTAL~ TN C~S ~Q’)9’JCTS

BETA F?AcT[13N.1 .5Q157E-31

GAMMA FRACTION=?.1979qC-01
T5TAL FRACTI1’J=l.qQ4Q?F-01
FQACTIDNAL 9cN’SIT~ ALL ;~~=l.5~5?5F-01
OENSITY OF RAfI?~ACTTVF $A~=5.?lS34E-03
FRACTI~NAL GAY ACTTVIrY=l o5534qF-01

DECAY POWER IN ‘4U F~Q ALL Fe TS
T~TAL 3ETA “d=~o~?31QE+31
TDTAL GAYMA ‘u=5.97197c+01
TOTAL 3ETA+GA*’4A ~’J=l.’l5452F+92

(MULTIPLY YEV/F 9~ 10I635?F+O1 T~ GFT ‘U)

●**TA91JLAR VALUES AQC GIVEN $S FQACT19NS OF ALL NUCLIOES***
NUCLI!)E OENSTTY ~l]? r~~ 9ETA QCVIF GAWf4A flEV/F B+G MEv/F

z A S
359R 83 0 2.21176E-97 7.07557F-94 ?e4~?31E-04 5.72424E-06 1.28646E-04
359R 94 0 3.336J2E-9° 10?975QE-’33 1,54”53E-03 2.34567E-03 1099378E-O3
359R B4 1 7.65?87F-1~ ~.97S5qF-95 5.7?957F-05 108O268E-O4 1c18146E-04
35BR 85 0 8.?8023E-59 I04414?E-’33 1.55a15E-03 1.03323E-0~ B.3B197E-04
361(R 95 1 3.5Q4Q5E-9,7 le~T?QQc-9? ?.6?~~lE-04. z.99093E-04 3030*69F-04
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359a B6 O 1.9473?E-OQ Q.79%14E-134 1.89J367E-03 3.59835E-03 2.73530E-03
35BR Q4 1 1.29?36E-19 7.04410P-94 2.~%4?lE-03 1.46683E-03 2.07157E-03

3513R 97 0
36K17 ~7 O
35BR 8$3 0
36KQ 99 2
35$IR 99 0
36KR 99 0
353R 90 0
36KQ 90 0
36KQ 91 0
36KR 92 0
36KR 93 0
53 1130 0
53 1131 0
53 1132 0
53 1133 0
54XE133 O
53 1134 0
53 1134 1
53 1135 Q
54xE135 O
54XE135 1
53 1136 0
53 [136 1
53 1137 0
54XE137 O
53 1139 0
54XE139 O
53 1139 0
54XE139 O
54XE14!I O
54XE141 O
5+XEl~2 O

4.4.28134E-OQ ?.?9?0~C-93 5.3?33QF-03 4.3B654E-03 4.135947E-03
4.50359E-n7 ?.7?~saE-03 9.Q6044E-03 2.39783E-03 3.16654E-03
1.199q5E-00 2.09577E-03 6.Q551?E-03 4.34923E-03 5066419E-03
1.4?747E-’3~ ~.914~?F-03 1.057Q1C-03 9,59463E-03 5.28525E-03
1,44636E-19 90~Q394E-04 2.71q7mE-03 1.95146E-03 2.33991E-03
3.21431F-OQ 6.5a5?aE-~3 6.3??~7c-03 1.07124E-02 8.49634E-03
1oO4817E-11 1.91971F-94 4.61OO4F-O4 4.64692E-04 5.63837E-04
5.04E55E-n9 4.a1947E-’3a 5.57797F-03 8.37111E-03 6.95861E-03
7.90163E-10 ?.51935E-03 7.!13’5?5E-03 2.0L299E-03 4.5482?E-03
2,59059E-l! 3.Q9145E-!)4 1.01477E-03 3.24260E-04 6073t!37E-04
304R709E-19 7.5Q01QF-95 ?.?7’i3?E-04 1.71543E-04 1.99809E-04
3.75743E-~7 9.32643C-04 7.45117F-05 5.465B6E-04 3.08334E-04
1.54553F-06 6.54%$9C-03 ~017’)~7c-03 2.82434E-03 2.(j65t)9E-03
2.91353E-05 Q.65364E-n? 5.39?4QE-03 2.34442E-02 1.43317E-OZ
3.52703E-05 1.391QIE-O? 5.9’1471E-03 8.64107E-O3 7.25976E-03
2.17750E-94 1.31577:-’32 1.4~q4%E-03 1,19945E-03 1.32475E-03
1.5q140E-n6 1.?937~C-07 1.n44qlC-O? 4,00451E-02 2051152E-02
1.20443E-’)q 1.541?3F-’I? 0. 5.39239E-04 2.67027E-04
10035~QE-9c 1.7971~E-02 5015531F-03 1.94791E-02 102254OE-O2
2.81369E-04 ?.3q~R3E-03 7.Q?4R4F-04 6.82568E-04 7.38649E-04
9.94093E-OQ 2.561QOF-03 O. 1.55413E-03 7.69607E-04
1.60776E-3fl 5.?5401E-’I? 100541~E-02 1.313313E-02 1.18?5?E-02
5.21192%3Q 3.0011QF-33 6.3?45~E-03 6.4G409E-03 6.36497E-03
4.29364E-f)9 4oq~~>lE-03 7.Q4?$5E-03 1.08457E-02 9.313073E-03
9.29570E-9q 1.1151%F-02 ?.2314?E-02 2.41314E-03 1.24602E-02
4.23Q?13E-113 1.80?65F-03 4.t579CiE-03 5.396Z1E-03 4.77111E-03
3.15924E-07 1.074a’3E-’3? 7.3?931E-03 1.35739E-02 1.04211E-02
3.58%92E-11 4.I?’IQIF-04 7.q%46~F-04 1.13202E-03 9.57593E-04
1.06750E-9q 7.30495E-93 1.4199?E-02 7.50759E-03 1oO88O9E-O2
2.00775E-’IO 4.090445-03 3.90707E-03 6.16092E-03 5.02318E-03
2.21770E-11 3.5537Q?-94 5.0999?~-04 8.96583E-04 7.51324E-04
3.24794E-l? 7.?5?47E-05 9.77q?lE-05 1.43967E-04 1.15605E-04

TOTAL GAS 2.24027E+03 1.52644C$09 7.670?lE-ol 1.04010E+o0 1.80302E+o0
9.95722E+nl (QA~IgACTrVF SAS OFNSITY)

TQTAL FP 1.44045E+Q4 3.763!)3F+09 4082?81E+O0 4.73208E+O0 9.55589E+o0

TOTAL G4S
FRACTIONS 1.55525E-f)l 1.5~?4aE-f31 1.5q157E-01 2.19799E-01 1.98692E-01

4.21835E-133 (Qd~In4:TTVE FQACTTC!W OF TOT4L Fp)

NOBLE GAS
FR4CT19NS 1.492Q7E-’)1 ?.?93?qE-!)? 7.5?%81F-02 6.82082E-02 7.22748E-02

1.15532E-93~N7QLE 049T~&CT~VE 54S F?ACTIgN OF TOTAL Fe)
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TA9LF C-YXXIII

CWTFN1 g~ NflQLE GASES AND HALOGENS
(EYCEEOTNS 1.YI)O09E-O? OEQCENT OF T9TAL GAS)

TIME STEO 25
ELAPSE!) TIME=9.34a17E+97 SEC

COOLING TI”E=l.000~OC+91 SFC
TOTAL 4CTJVITY=3. 3”753~+?9
CURIES IN ALL FO= Q.1554QE+Oa

IN ALL SAS= l.G~~~?F+Oa
IN HALOGENS= ~.74744C+9q

IN Nn9LE GAS= 4.69q85C+Oq
TOTAL SETA ~EV/FI$~=40a656aC+90
TOTAL G4f4’4A ~EV/FT~R=4.3796qE+0’2
TOTAL 9ETA+GA4~A=Q .5Q514F+’19
FRAcT15N gF ToTALS TN %AS PR’lL)tJCTS

9FTA cQ4CTIO~=l o5Q071F-’3l
G4HUA FRACT1~N.?.?351. 95-01
TIYT4L FRaCTInN=l oa15?4F-?l
F2ACT[gN&L DFN~17~ ALL 3AS=I.555?5E-01
DENSITY oF ?AOIIACTT’IE ;AS=6.?1935E-03
F2ACTI~NAL GAS &CTIVIT~=l.57798E-01

DECAY 00wEQ IN YU F~Q 4LL FO TS
TOTAL 3ETA W’4=~.7972QE+91
T9TAL GhM~A ‘V=4.777$nc+91
TOTAL BETA+GA~MA *W=9.49497E+01

(flULTIPLY ‘4EV/F qY 1.1O?52E+OL TI GET YU)

●**TABLJLAP VALIJES AQF GTVEN A’S CQACTTINS fJF ALL NUCLIOES***
NUCLICJE DENSTTY CIJQTFS 9ET4 ~EV/F GANflA flEV/F B+G ?4EVIF

z A S
35BQ 83 0 ?.21171E-07 7.544Q1E-04 ?.qlR34F-04 6.25640E-06 1.43023E-04
359R 84 0 8.33481E-Oq 10287’53E-O3 1.0440?!?-03 2.56343E-03 2.21632E-03
359P 94 1 7.55497E-10 4.l~36?E-35 %039475E-05 1.?4769E-04 1.29R44E-04
359R 95 0 8.90574E-09 105?43?F-O3 1.74q64E-03 1.11994E-04 9.24152E-04
35K9 95 1 8.5949!)E-07 1057071C-03 4.0Q40QF-04 3.26904E-04 3.67950E-04
359R 96 0 1.~7029E-f)Q 1.0n7~qE-~3 ?.95130E-03 3.77739E-03 2092075E-03
353R 86 1 9.44651E-11 6019734E-54 2.7719?E-03 1.17099E-03 1.682L8E-03
35?Q R7 o 4.35353E-f30 ?.~e4f3ac-93 5.6Tfoq?F-03 4.51970E-03 5.09303E-03
341(Q 97 0 4.52234E-97 ?.91944:-93 4.477qQE-03 2.62037E-03 3.54224E-03
3539 83 0 9.2629foE-19 L.717n7c-03 5w071@9E-03 3.66P99E-03 4096152E-03
34<R 99 0 1.42715E-n~ 4.17?94?-03 1.13595!-03 1.04846E-02 5.87472E-03
359Q 8? O 5073994E-11 3.75956F-04 1o??51?E-o3 6.46464E-04 1.03191E-03
36KR e9 O 3.15??9E-911 4090179C-93 7001?74C-03 1.14959E-02 9026640E-03
36KR ~0 9 4.44574E-9Q 4.0557QE-!34 5.5=lq5F-03 8.06026E-03 6.81536E-03
361(Q 91 0 4.S9959E-10 1.65~95F-93 4093’135E-03 1.36425E-03 3.13541E-03
53 1130 3 3075720E-07 7.4!!’)71F-94 q.4370qE-05 5.97393E-04 3.42794F-04
53 1131 0 1.64553E-~fo 6.Oqll?E-03 1049IO1F-O3 3.08699E-03 2.29591E-03
53 1132 0 205135!IE-76 1.fJOQ09F-02 4.9079QF-03 2.56240E-02 1.59335E-02
53 1133 0 3.5?700E-~5 1.38q?O:-02 .6.47775E-03 9.44456E-03 8.07117E-03
54xE133 O ?.1775i)E-~A 1.40415F-~? 1.649?QE-03 1.29997E-03 1047293E-O3
53 1134 0 1.59095E-~6 1.49~q’3E-’l? 1.lq?55E-02 4.37567E-02 2.79146E-02
53 1134 1 1.18146E-9q 1061?lfsc-5? O. 5.78135E-04 2.91213E-04
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I

53 1135 0
54XE135 O
541(E135 1
53 1136 0
53 1136 1
53 1137 0
54KE137 o
53 1133 0
54KE13~ o
53 1139 0
54XE139 o
54XE140 5

1.03525E-$5 1.7Q7145-O? 5.9415*E-03 ?012830E-02 1.36221E-02
2.9152gE-06 ?.6135LIE-93 9.0Q039E-04 7.46442E-04 8.21677E-04
8.32765E-9q ?.!!34?PE-93 9. 1.6951OE-O3 8.54345E-04
1.560Q5E-~’q 5054?l?F-t33 101573qF-02 1.39373E-02 1.27643E-02
4.77935E-13Q ?.q3~775-03 6.54n5qF-03 6.41E!68E-03 6.~q910E-03
3.659’JIE-O? 4.7q50=F-’33 7065714E-03 1.01046E-02 8.8S995E-03
9.L92a3E-9@ 1.1760’)E-97 2.49~47E-02 2.60f335E-03 1.36995E-02
2o?5554E-10 1.0??7TC-03 ?.5017!)F-03 3.13809E-03 2.82225E-03
30145’4E-97 1.~8q?7c-?? 9.95?01E-03 1.47732E-02 1.15369E-02
fa.34112E-l? 7.7?745F-05 1.57??%E-04 2.18733E-04 1.88209E-04
9.45471E-CO 7.f1451f)c-dI 1.451?05-02 7042239E-03 1.09413E-02
1.47Q05E-9Q. 3.?9549F-!)3 3.?548?E-0.3. 5.96064E-03 4.11406E-03

T5TAL GAS 2.24027E+93 1.44453E+fYQ 5.7q545E-01 9.67721E-01 1.64627E+O0

TOTAL FP 1.44045E+O~ 9.1554QE+09 4.25559E+O0 4.32948E+O0 8.59516E+O0

TOTAL GAS
FZACTIflNS 1.555?5E-9Y 1.~77q9E-01 1.5Q971E-01 2.23519E-01 1.91534E-01

6.21835E-03 (QAf)If14CTlVE FQACTT~N OF TOTAL Fp)

NOBLE G4S
FRACTIONS 1.482’47E-01 7.a147%E-O? 7.~3?74E-02 6.8201OE-O2 7.27284E-02

1014532E-93(NO9LE Q421~ACTIVE GAS FRACTION OF TOTAL FP)

TAqLF c-YVX[V

TYI-2 IF K)PERATEO 25K ~QS &T 9779. YU CO’4T. CINOER-10(LASL)8t79

C?NT?VT OF N79LE GASES AND HALOGENS
(E~?EE’)I~G 1.90000E-02 OEQCENT OF TOTAL GAS)

TIWE STFO 26
ELApSEO TIHE=Q.34917F+D7 SFC
COOLIYG TIME=4.’3OQ’39F+O1 T??
TOTAL ACTIVITY=?.Q50??E+?0
CURIES IN ALL FP= 7.97356F+9Q

IN ALL GAS= 1.?5643F+9?
IN HAL9GENS= 6.91?7~E+9~

TN NDRLE GAS= 5.74s6~E+9a
TOTAL 9ETA YEV/FI:S=3.30226F+@0
ToTAL GA’+~h MEV/FT?~=?.97qq4F+9t?
TCITAL 9ETA+5AMf4A=b.P809QE+’)0
Fi7ACTIgN C)F TOTAL? TN GAS ‘JQ713UCTS

qETA F?ACTIO~=l .550~6c-91
GA~IIA FRACTIgN=2.?9Q?IE-91
TDTAL F9ACTI~~=l.~3450F-01
FQACT?3NAL OENSITY ALL 7A?=1.555?6E-01
DENSITY OF ?A~T?ACTYVE 5&S=6.211331E-03
FRACTI’INAL GA< ACTTVTTY=105R928F-O1
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●**TABIJLAR VALUES AQF GTVEN 4S FRACT19NS OF ALL NUCLIDES***
NUCLIDE DENSITY rlJ?lES ~ETa UFv/F GA~h44 qEv/F 9+G MEV/F

z 4 s
359? 83 0 2.?1109E-O7 a.450qqE-34 3.41979E-04 7.56653E-06 1.78604E-04
35BR 84 0 8.3z40?E-!)Q 1.47647E-01 ?04’34n~E-03 3.09708E-03 2.76490E-03
359Q 84 1 7.16039E-I’7 %071?55?45 7.7Q7?5F-05 2022396E-04 1.53099E-04
3513R.$3.5. Q 8.32n74E-QQ. ?,4a5n?c-91 ?,II?34E-Q3. 1.2.h706E-04 1.0794.OE-03
36KR @5 1 8.59425E-9? 1.~Ol~2E-03 5.?9q44E-04 3.95440E-04 4.%~4>Yt-0%
353R 86 0 1.416a7E-~’J q.71943E-04 2?.00750E-03 3.46184E-03 2.76392E-03

359I7 96 1
35$3R 97 0
36<R 87 0
359R 83 0
36<R 98 0
36KR 89 0
36KQ 90 0
36<!? 91 0
53 1130 0
53 1131 0
53 1132 0
53 1133 0
54XE133 O
54XE133 1
53 1134 0
53 1134 1
53 1135 0
54XE135 O
54XE135 1
53 1135 0
53 1136 1
53 1137 0
54XE137 9
53 1139 0
54XE138 O
54XE139 O
54XE140 O

TOTAL G4S

TOTAL FP

TOTAL GAS
FRACTIONS

2.521?4E-11 1.9Q415E-94 7.5’qq75E-04 3.78084E-04 5.60821E-04
3.053CJ4E-~Q 1.q516$lC-03 5.I?’275E-03 3.82553E-03 4.45117E-03
4.496i)5E-17 3.31$F13E-’?3 5.775QGF-03 3.16519E-03 4.41805E-03
205O576E-10 5.33?43F-9~ ?.I?155F-03 1.20051E-03 1.64250E-03
1.42490E-~5 ~.784(31E-03 1.54251E-03 1.26635E-02 7.32657E-03
2.83060E-9n 5.05253C-03 9.1?434E-03 1.24746E-02 1.03919E-02
2.33577E-0~ ?.647?5F-O’9 3.76q14E-03 5.12304E-03 4047294E-03
4,48966E-11 1.7440QF-04 5.q3q7qE-04 1.51200E-04 3.5a813E-04
3075659E-n7 ?.q47~’lc-~4 1.9QQ77F-04 7.22557E-04 4.28105E-04
1064553E-’36 q.015q3E-93 1.9?971E-03 3.73446E-03 2.86790E-03
2.91337E-94 1.15746?-07 7.8771qF-03 3.09971E-02 1.99021E-02
3.52S9qE-’)5 1.5945?E-’32 9.62553E-03 1.1425LE-02 IoO0816E-02
2.17750E-94 1.51?70=-3? ?.1305’JE-03 1.57142E-03 1.93974E-03
4.25339E-% 7.4711?E-~4 5. 2.08053E-04 lo09211E-04
1053862E-O5 1.70354E-O? 1.52671E-02 5.28566E-02 3.48179E-02
1.07?93E-Oq 1.691?3E-03 O. 6.35Z04E-04 3.30377E-04
1.03453E-~5 1.474?$!-9? 7.540q’3E-03 2.57342E-02 1.70034E-02
2.92323E-04 7.RQ437E-01 1.143?9F-03 9.05554E-04 1oO292!3E-O3
9.742C)5E-9q 3.?302TE-!J3 O. 2.03660E-03 1.05926E-03
1.?9612E-~Q 5.?n4q9E-Oa 1.?4163E-O’2 1.39997E-02 1.32389E-02
3.0999?E-99 ?.lq501F-93 904~544E-03 5.03495E-03 5.25593E-03
1.579q9E-9Q ?.17359?-93 4.?700QF-03 5.27678E-03 4.79364E-03
8.59943E-3° 10?41545-9? 3.01?91E-02 2.94798E-03 1.59876E-02
9.2163L)E-17 6.79q57~-9~ 1.3?05?E-04 1.55119E-04 1.44049E-04
3.07208E-Q7 1.?29?QF-O? 1.~410~c-c32 1.74527E-02 104O731E-O2
5.77517E-n9 4en?7m5E-O? 101217?E-O2 5.36998E-03 8,17359E-03
3.20589E-19 7.97770C-94 9.11179C-04 1.30075E-03 1.11389E-03

2.24027E+’3? 1,76643E+0’4 5.llY~qS-01 8.19270E-01 1033111E+OO
8.95715E+01 (QAO?13A:TTVE GAS OENSITY)

1044045E+94 7.Q7?56E+99 3.?9?04E+O0 3057884E+O0 60880B9E+O0

1.555Z6E-131 l.’Jq~?qE-!ll 1.55936E-01 2.28921E-01 1.93450E-01
S.21q31E-’l3 (~&~TOA?TTVE FQJICTT~N OF TOTAL FP)

NOBLE GAS
FRACTIONS 10482Q7E-91 7.20559E-9? 7.63L19E-02 6058192E-02 7.0E545E-02

1014530E-9?(N~RLE QAO!’IACTIVF G!S FRACTICIN OF TOTAL Fo)

148



TflI-Z IF LlpERAIEfJ ?5K ~eS AT ?77~. ~W CnNT. CINDER-10(LASL)8I79

IN NC9LE GAS= 4.9~7??C+Oq
T!3ThL 9FTA ‘lEV/FISS=9.$7754E+OD
TOTAL GAUYA ~EV/F1~S=300367a6+O!)
TOTAL BETA+SA~~A=5.71427F+30
FRACTION !3F T9TALf TN GAS ~Q~OIJCTS

BETA FRACT1’3N=1 .46379E-’)1
GAM*A FRACTION=?,33Q07C-01
TOTAL Fractional.92q41F-01
FRACTIONAL DEN~KTY ALL $AR=I.555?6E-01
DENSITY oF RA51n4CTIVE SAS=6.?14?4E-03
FRACTIONAL GAS 4C7TV1Tv=l .59447E-01

DECAY POWER IN ~W C~Q ALL ~s IS
TIITAL 9ETA ‘4W.2.’?5474F+31
T!3TAL GAMMA ~W=3.;5110F+Ol
TOTAL !3ETA+5A~~A ‘4U=4.3’)5*4E+01

(MULTIPLY WEV/F 9Y ~olo35?E+ol T’! GET W)

●**TA3LJLAQ VALUES APE GTVEN AS FQ4CTIgNS OF ALL NUCLIOES***
NUCLIDE DENSITY CII?TES qET4 WEV/F GAMMA llEVtF B+G AEV/F

z A S
359Q 83 0 2.20B99E-QT Q.5779?E-04 4.4q?44E-04 8.90518E-06 2.14776E-04
35BR 86 0 8.27997E-Oq 1.64333E-03 2.Q521!3E-03 3.63066E-03 3.31175E-03
359R 94 1 6.34135E-1’) 5.4Q147F-’)5 !3.5557qE-05 2.3350ZE-04 1.64231E-04
35BR 95 0 6.i35340E-99 1.50712?-fi3 ?.1425QE-03 1.22B7hE-04 1.06973E-03
341(R 85 1 B.59045E-07 ?.131702E-O? 6,51Q03E-04 4.65827E-04 5.53017E-04
359R 86 0 7.0Z734E-10 4,8396?E-’34 1.22790E-03 2.02350E-03 1.65070E-03
353P 87 0 1.44973E-99 9.93q4qE-04 3.0!J371F-03 2.140194E-03 2.54515E-03
36KR 97 0 4.47119E-07 3.71307E-03 v.f3q?74E-03 3.70962E-03 5.29064E-03
35BR 88 0 1.53191E-11 4.3A?97E-135 1.QI?O’QE-04 1.03451E-04 1.44619E-04
36KR 88 0 1.41926E-n6 5.331q3E-03 1.99476E-03 1.48651E-02 8.78758E-03
36KR 89 0 2.27313E-OQ 6.540(34?-93 9.055Q5E-03 1.18062E-02 1.00489E-02
36K? 90 0 6.44523E-19 ?.55633E-!34 1.2q2?qE-03 1.66599E-03 1.48620E-03
53 1139 0 3.75526E-07 3.1n539E-04 1.34334F-04 8.51200E-04 5.15297E-04
53 1131 0 1.64~53E-94 q.Q693?C-D3 ?.37956E-03 4.40113E-03 3.45341E-03
53 113? 9 2.I?1311E-!W 1.?95al.E-f3? a.713=4E-03 3.65272E-02 2.39631E-02
53 [133 O 3.52457E-05 1079345C-O? 1.04364E-02 1.34635E-OZ 1.21398E-02
54XE133 O ?.17750E-04 1.90405E-O? 2.6?T54E-03 1.85195E-03 2.21537E-03
54XE133 1 4.25333E-9~ R.%5Q53C-Q4 0. 2.%5191E-04 1.30302E-04
53 1134 0 1.59353E-’)$ 1.99095E-07 1.87677E-02 6.20?31E-02 4.17921E-02
53 1134 1 B.95099E-9Q I05517?E-93 o. 6.17489E-0~ 3.23151E-04
53 1135 fl 1.03?75E-05 1044~71F-9? Q.?’q3Q9E-03 3.02769E-02 2.04402E-02
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54XE135 O 2.83906E-05 3.2567?E-93 1.44779E-03 1.07319E-03 1.24637E-03
54XE135 1 13.63489E-Oa 3055195E-03 0. 2.36534E-03 1.25701E-03
53 X135 O 9.19907E-09 3.7497-E-O? 9.5~497E-03 1.04371E-02 1oOO847E-O2
53 1136 1 1.302Q7E-139 1.027’34E-03 2.q4945E-03 20494S4E-03 2.661OOE-O3
53 1137 0 2.91354E-in 4.4q4Q7F-~4 9.71111F-04 1.14483E-03 1.06449E-03
54xE137 O 7027887E-On 1.19534E-O? 3.14n15E-02 2.94450E-03 1.63161E-OZ
54XE138 O 2.92535E-~7 1.30941E-O? 1.2??70F-02 109599OE-O2 1.61394E-02
54XE139 O 2.06296E-99 1.’43357E-!I? 4.a?9?7E-03 2.26066E-03 3.51578E-03

TOTAL GAS 2.24027E+03 1.12919E+’3Q 3091935E-01 7.1OOO9E-O1 1010194E+OO
90Q5754E+Ill (Q49TIACT!VE 5&S 9FNSITYI

TOTAL FP 1.44045E+94 7.12502C+0’J ?.67754E+O0 3.03673E+O0 5071427E+O0

TOTAL GAS
FRACTICINS 1.555Z5E-91 1.5844~E-01 1.45379E-01 2.33807E-01 1.92841E-01

6.21824E-03 lQAflI’lACTYVE FQ4CTY~N OF TOTAL FP)

NOBLE GAS

FRACTIgNS 1.48297E-01 7.01277C-O? 7.17?30E-02 6.29788E-02 6.71042E-O2
1.16526E-23(N~qLF QIOIIACTIVE GAS FRACTION OF TOTAL FP)

TA9Lf? C-XXXVI

TH1-2 IF OPERATED Z61( HQS AT ?77?. ~U C~NT. CINOER-10(LASL)8?79

CIWT?VT fIF N~9LE GASES ANO HALOGENS
(ExCEE91MG 1.50000E-02 PEQCENT OF ToTAL GAs)

T!HE STEP 29
ELAPSEO TIME=9.34979E+07 SEC
COOLING TI~E=4.00’ln5C+O? SEC
TOTAL ACTIVITY=201Q4~4E+20
CURIES IN ALL FP= 5.93?OOE+9?

IN ALL GAS= Q.43270F+O~
IN HALOGENS= 5.54175E+O~

IN NOBLE GAS= 3.9’195E+09
TOTAL BETA ~EV/FI’SS=l.91025C+O!3
TOTAL G4YFA MEV/FISS=?.34765E+OCl
T9TAL 9ETA+GAMM4=4.?57QoE+h0
FRACTION OF TOTALS TN GAS OQ1OUCTS

BETA FOACTION=10315?7E-31
G&qlA FRAcTIIN.2053t17qF-01
TflTAL FQACT13N=I 099591E-01
FRACTIONAL OEN’?TTY ALL $A~=l.55575F-01
DENSITY 13F RA’)IIYACTTVE :4S=6.?17Q8F-03
FRACTIONAL GAS ACTtv[TY.106004?F-ol

OECAY pOWEQ IN ~W Fnp ALL Fp IS
TOTAL 9ETA MW=7010901F+91
TOTAL GAMMA ‘4U=?.500695+91
TOTAL 8ETA+GAY’+A VV=4.6?!?70F+OI

(~ULTIPLY MEV/F RY 1.103~?E+Ol Tfl GET *W)

***TABULAR VALUES APE STVEN 9S FQACT17NS OF 4LL NUCLIOES***
NUCL19E DENSTTy CUQTC$ 9ETA ~EV/F GAMMA tlEV/F B+G qEV/F

z A S
359R 83 0 2.17921E-9T 1.14695C-!33 5.1Q914E-04 1.13531E-05 2.84338E-04
359R 84 0 7.7S258E-OR X.R5~57E-93 3.9956TE-03 4.41420E-03 4.17753E-03
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359Q 84 1
359R 85 0
36KR 85 1
36KQ 87 0
3bKR 83 0
36KR 89 0
53 1130 0
53 1131 0
53 1132 0
53 1133 0
54 XE133 O
54X5133 1
53 1134 0
53 1134 1

3.5701~E-l!l 4.$11?7E-05 6.7?914E-05 1.69514E-04 1.23698E-04
2.10955E-OQ 5.5731OF-O4 9.?4QQ4E-04 4.89256E-05 4.41919E-04
8.52907E-97 ?.40579E-03 9.37??6E-04 5.98250E-04 7.369b9E-04
4.T@555E-07 4.?7535C-9q 9.516Q3F-03 4,59922E-03 b.90544E-03

1039O3OE-O5 40Z7434E-03 2.69164F-03 1.88359E-02 1.15526E-02
7.5Q121E-0~ 1.q2135E-03 3.77095E-03 5.09997E-03 4.50372E-03
3074545E-07 3.91A5qE-!)4 1.R7911E-04 1.09822E-03 6.99779E-04
1.6455?E-fi4 1.0?745C-9? 3.333a5E-03 5.69291E-03 4.6345?E-03
2.S1178E-04 10554~4c-9? 1.349QqE-02 4.72263E-02 3.?1443E-02
3.52439E-05 201411OF-O2 1.49995E-02 1.74045E-02 1.62807E-02
2017750E-04 ?.16713E-7? 3.4q?9hE-03 2.39553E-03 2.97312E-03
6.?5?o?E-06 1.0b415E-Oa 9. 3Q1.7136E-9$1.74857E-04
1.55200E-06 ?.?3794E-9? 2.5Tq23E-Oz 7.87189E-02 5.49695E-02
3.37982E->Q 7.119’34E-24 O. 3005003E-04 1.68167E-04

53 1135 0 1.0?374E-n5 1.’3%44nF-O? 1.~89Q4E-02 3.88220E-02 2.71922E-02
54XE135 O 2.’?1663E-26 4.’7I9?OE-9I ?.97759:-03 1.42515E-03 1.71841E-03
54XE135 1 8.07225E-OQ 4.90911E-03 O. 2.86025E-03 1.57704E-03
53 1134 0 6.77762E-19 30714%6S-04 1012217E-O3 1.11600E-03 1.11977E-03
54XE137 O 2.9b439E-Oq 5.05?QlE-f)3 1.79710E-02 1.55115E-03 9.91769E-03
54XE138 O 2029218E-9T lo?23Q~F-O? 1,14?4TF-02 1098513E-O2 1.69690E-02

TOT&L GAS 2.2402?E+93 9.4Q37flE+09 2.51440E-01 5094141E-01 8.45581E-01
B.95666E+OI (@4~ln4:TIVE Gas DENSITY)

TOTAL Fg 1.44045E+94 5.937’29C+nQ 1.Q1525F+O0 2.34765E+O0 4.25799E+O0

TOTAL GAS
FPACTIONS 1.55526E-01 X.60047E-~1 1.314?7E-01 2.53079E-01 1098591E-O1

6.21798E-03 (QAO[IA:TTV5 FQ4CTTIN OF TOTAL FO)

NOBLE GAS
FP4CTIONS lo4R29qE-Ql 6.49?50E-02 5.40504E-02 5.76365E-02 5.60277E-02

1.16514E-Q?fN~qLc D4DT04CT[VE GAS FRACTION OF TaT4L FP)

TA9LE C-YYXVII

TNI-2 IF OQEQATEO 26K HO’S AT ?77?. *V CWJT. CIN!)ER-10(L4SL)8/79

Tl~E STEP 29 ●

ELAp5~D TI?IE.Q.340?6E+57 SFc

C5CILING TI~E=l.0003nE+93 REC
TOTAL ACT IVITY=lo914~7c+7!)
CURIES IN ALL FP= 5.17533=+0a

IN ALL GAS= ~.5595?F+99
IN HALOGEVS= 5.4?995E+3Q

IN ND9LE GAS= 3.l?157E+Oq
TOTAL RETA ‘lEV/FISS=l.500?~F+00
TDTAL GA~nA 4EVlFT5$=l .Q5f)46F+9Ci
TDT4L 9ETA+GAflYA=3.k59~4c+on
FRACTIgN OF TOTALS IW GAS OQ?DUCTS

9ET4 FRACT194=1 .I07?OF-31
GAqWA FQACTInW=?.7445bE-01
TCITAL FpACTI~W=?.la797E-01
FQAcT19NAL C)EN~7TV ALL %A~=l.555?6E-01
DENSITY ~F QA?f~4tTIVE :AS=4.?1755E-03
FRACTIONAL GA< ACTTVITV=l.654113E-91



9ECAY PaifEQ IN QIW FqQ ALL FD ?~
T9T4L 9ETA *W=l.5’J56’3E+?1
TllTAL G4?YA ~w=?.16347F+OI
TDT4L !lETA+GAMfIIA ‘lw.30q1901E+ol

(~IJLTIoLY YEVfF 9Y 1.I035?E+91 TT GET Yw)

NUCL[DE
z A S

353R 82 0
359R 83 0
359R 84 0
36KR 85 1
36KR 87 0
361(R 88 0
36KR 89 0
53 1130 0
53 1131 0
53 1132 0
53 1133 0
54XE133 O
54XE133 1
53 1134 0
53 1135 0
54XE135 O
54XE135 1
54XE137 O
54XE139 O

TOTAL GAS

TgT4L FP

TOTAL GAS
FR4CTIONS

!)ENSTTY clj?~~s 9ETA ‘4EV/F GAMH4 MEV/F B+G WEV/F

1.2958bE-O? 5.?6105C-05 1.36479E-05 1.97696E-04 1.17909E-04
2.1051?E-97 1.?7’)44E-03 7.6?734E-04 1.3151ZE-05 3.38106E-O4
6.41430E-OR 1.752RQE-03 4.07Q69E-03 4.35665E-03 4..23615E-O3
8.33f)32E-0~ 7.ha?34E-Oa 1.l~9?QE-03 6.99753E-04 9.85528E-04
3.91231E-07 4047754F-93 1.105?1E-O2 5.027!19E-03 7.64379E-03
1.33411E-06 6.9’31O’F-O’3 3.17q67E-03 2016443E-02 1.36392E-02
804660~E-10 7.32R?4E-94 5.35475E-04 6.81105E-O4 6.17972E-04
3.71960E-07 4.34451.?-94 2.37~81E-04 1.30604E-03 8.42807E-04
1.64546E-94 1o?34Q5F-O2 4.?44133E-03 6.81700E-03 5.70193E-03
2.9091OE-!35 107qf35qE-9? 1.7311OE-O2 5.64995E-02 3.95107E-O2
3.51490E-95 ?.448q7F-99 1.qQ30?F-02 2.07970E-02 1.9987?E-02
2.17751E-04 2.4Q405C-O? 4.6893qE-03 2.86866E-03 3.65797E-03
4.25239E-0$ 1.15’379E-93 O. 3.79712E-04 2.15102E-O4
1s47276E-96 2.433?1C-92 3.11515E-02 8094531E-02 6.41785E-02
1.00594E-~5 ?o?1354E-97 1.613Q7C-02 4.56808E-02 3.28739E-02
3.05523E-95 409414~C-03 2.7qO05E-03 1.79479E-03 2.22191E-03
7.23708E-09 4.11559C-03 O. 3.07077E-03 1.73955E-03
4.87531E-O? 1.1’313~E-03 3.76319E-03 3.05490E-04 1.90445E-03
1.406@7E-nT !3.50Q9?C-03 1.~4929E-02 10459O5E-O2 1.28141E-02

2024027E+~3 Q.5605aE+Oq 1.9%132E-01 5.41981E-01 7.38113E-01
13.95695E+01 tQA9TnA:TlVE GAS DENSITY)

1.44045E+04 5.17533E+OQ 1.500ZqE+O0 1.96046E+O0 3.46074E+O0

1.55526E-131 1.45410E-51 1.35730E-01 2.76456E-01 2.13282E-01
6.21755E-O? (QADI~A:TIVE FRACTT~N OF TOTAL FP)

NOBLE GAS
FRACTIONS 1.48299E-01 6.05997E-O? 3.76~69F-02 5.11600E-02 4.53235E-02

1.14507E-0?(N~8LE RAf)f14CTTVE GAS FRACTION OF TOTAL Fp)
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CIYTFVT nF N129LE GASES AND HALOGENS
(ExCEF9rNG 1.9(100L3E-02 PEQcENT oF ToTAL GASI

TIME STEP 30
ELAPSED TI~E=9.34Q5?E+97 SEC
CLl~LING TIME=30609?OF+~3 SEC
TOTAL ACTIVITY=l. 5?31’)C+20
CURIES IN ALL FO= 4.115513E+13Q

IN ALL GdS= ?.&T?qqc+qq
IN HAL2GEVS= G,Q3?Q+C+ol

IN NllBLE GAS= ?.5?l!)TE+Oq
TOTAL BETA MEV/FISS=l.50974F+O0
T9T4L Gti4qA MEV/FT$5=1.36?56c+90
TOTAL 9ET4+GAqY4=7.371wF+O0
FRACTION OF TOTALS IN 3A$ 9Q’ID’JCTS

BETA Fractional.4~9nOE-91

GAWqA FRACTInN=?.?557f3F-01
TOT4L FPACTInN=? .50R~7F-01
FQAcT19NAL DEN$ITV ALL $AS=t.5557fiF-ol
DENSITV OF RAQTIACTTVE ?A$=6.21574E-03
FRACTIONAL GAS ACT[VT7Y=l .@0300E-01

DECAY P@WER IN MU ~~~ ALL co TS
TOTAL 9ET4 HU=l.11117C+0.1
T~T4L 5AM~A W=l.50367E+01
T5TAL BETA+GA~’4A ~w=?.6167QF+Ol

(RULTIPLY MEV/F qy 1.t035?E+Ol T13 GFT WU)

●**TAguLAQ vALuEs AOF GTVEN 4S FQdCTT9NS OF ALL NUCLIOES***
NUCLIOE C)EYSITY CUQTES qETt ~EV/F GAMMA REV/F B+G YEV/F

z A S
35qR 82 0 1026923E-~7 6052360E-05 2000201E-05 2.80547E-04 106972OE-O4
359R 83 0 1.76269E-07 1.3373QC-03 9.4Q944E-04 1.58436E-05 4.13162E-04
359R 84 0 2.50514E-9~ ?.406Q1E-06 2.3591qE-03 2.44815E-03 Z041455E-03
36<R 85 1 7.45175E-57 3.029Q9E-~? I0501!J1F-03 9000569E-04 1015599E-O3
36KR 97 0 2.53507E-07 3.7I381OE-O3 1.13al?E-02 4087246E-03 7.51347E-03
36KR 88 0 lol156~E-n~ 7.?55A6E-Oa 3095a61E-03 2060435E-02 1066465E-02
53 1130 0 3.57952E-97 5.?5631E-04 3.3QQL)?E-04 1.80838E-03 1.18370E-03
53 1131 0 1.64425E-~~ 1.55145C-O? 4.?0861E-03 9.801O9E-O3 8031541E-03
53 1132 0 2.7Q674E-135 2.?2973E-02 2.5533?E-02 8.09342E-02 5.74094E-02
53 1133 0 3.45920E-05 3.09q33E-92 ?.75q35E-02 2.94327E-02 2.9692QE-02
54XE133 O 2.17747E-94 1.122~lE-02 6.9743?E-03 4.12737E-03 5.33845E-03
54XE133 1 4.24Q25E-05 1044573E-53 O. 5.45931E-04 3013695E-04
53 1134 9 1oO7834E-O4 7.23Q133C-9? 3.39?34F-02 9.42374E-02 6.85802E-02
53 1135 0 9.32300E-05 ?.5790?E-O? “?.2?45TF-02 6.09145E-02 4044650E-02
54XE135 O 3.63301E-06 7.?1427E-03 4.Q0961E-03 3.06070E-03 3.8433QE-03
54XE135 1 5.70612E-13q 4.07457E-03 0. 3.48359E-03 2000169E-03
54XE138 O 1.69675E-On 103n54QE-03 I099?14F-03 2.53183E-03 2.25546E-03

TOTAL GAS 2.24027E+03 7.4??03E+08 1.51189F-01 4043620E-01 5.94809E-01
8.95347E+01 (174DIIACTTVE GAS DENSITY)

TOTAL FP I044045E+04 4011A5’3C+09 1.n~974F+O0 1.36256E+O0 2.37130E+O0
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TOTAL GAS
FR4CTIONS 1.555?5E-fJl l.QO?O~E-01 1.4~!l?5E-01 3.25578E-01 2050837E-01

6.Z1576E-03 (QA91mA:TTVE FQACTT~N OF TDTAL Fo)

N09LE GaS
FRACTIONS 1.48300E-01 6.1243?E-02 3.0394QE-02 4.57023E-02 3.91906E-02

1.16504E-~3(Nn9LE Q49T04CTIVE GAS FRACTION OF T~T4L FP)

TA9LF C-YYXIX

Tl$I-2 IF 00EQATED 26K ~QS AT ?77?. ~u Cwl. cINDER-lo(LAsL)8/79

CflVTCVT IF V09LE G&SES AND HALOGENS
(EYC=EOIMS 1,’j13000E-02 DFPcENT oF ToTAL GAs)

TI~E STEP 31
ELAPSED TI~E=9.34Q9qE+07 SEC
COOLING TI~E=7.20000F+O? SEC
TOTAL ACTIVITY=103599OF+99
CURIES IN ALL FP= 3.6T5AqE+OQ

IN ALL G4S= %.6544qE+’19
IN HALOGENS= 4.31’?%’3E+09

IN NOBLE GAS= ?034597F+Oq
TOTAL 9ETA MEV/FISS=Q.?701QF-01
TgT4L GAMMA MEV/F?SS=l.079~4E+O0
TOTAL BETA+GAM~A=l .99546E+O0
FRACTION 9F TOTALS TN GAS po7DlJCTS

9ETA FQACTIgN=l.597?7F-’Jl
GAMMA FRACTInN=3 .35Ql?E-01
TfJTAL FRACTI~N=205$541E-01
FRACTIONAL DENSITY ALL 3A’S=I.555?5E-01
OENSITY OF RAnI~A?TTVE 5AS=6.21’4??E-03
FRACTIONAL GAS AC71V17y=109131?E-91

DECAY PCIWER IN MU F~Q 4LL so IS
T9TAL 3ETA W=Q.1?636E+30
TOTAL GAM~A ~U=l.1900QE+Ol
TOTAL 9ETA+G4~”A ~u=?o1927?E+131

(WILTIPLY ~EV/F 9y 1.1035?E+O1 T~ GET ~U)

***TABIJLAQ vALIJEs 4QF GTVFN AS FRACTTIYNS OF ALL NUCLIDES***
$4UCLIOE DENSITY CIJ?YES qETA ~EV/F GAMMA NEVIF B+G P!EV/F

z A S
35BR 82 0
353R 83 0
358Q 34 0
36KR 65 1
36KR 87 0
361CR 98 0
53 1130 0
53 1131 0
53 1132 0
53 1133 0
54XE133 o
54XE133 1
53 1134 0
53 1135 0
54XE135 O
54XE135 1
54xE13a o

1.24365E-07 T.164?OE-05 2.3Q456F-05 3.47586E-04 2.07119E-04
lo33591E-07 1013595E-O3 qo77~77E-04 1.51698E-05 3.89650E-04
6077409E-9Q ?.60649E-94 7.q1410E-04 8.36402E-04 8.12534E-04
603S357E-07 ?.905qlE-O? 1.~58~QF-03 9.74724E-04 1.23239E-03
1.52454E-07 ?.45444?-03 7.q1995E-03 3.56166E-03 5.40982E-03
8.7102?E-O7 40343qQF-93 3.764q3E-03 2.56890E-02 la61734E-02
3.38517E-07 5.55704F-04 30Q?577E-04 2016075E-03 103931OE-O3
1.64055E-04 1.73361F-’3? 705774qF-03 1023553E-O2 1.03250E-02
2.7779~E-~5 2047Q77E-O? 301O55*E-O2 1oO1571E-O1 7.09655E-02
3.36025E-05 3.2Q451E-52 3.291?4F-02 306123ZE-02 3.46862E-02
2.17715E-04 3.40405C-O? 9.50555F-03 5.21399E-03 6.64261E-03
4.24374E-06 1.61701E-03 0. 6.88a63E-04 30@9879E-04
60192E5E-07 1.44~5nc-07 2.37627E-02 6.83779E-02 4.90139E-02
8.39154E-M ?.599-~c-Q? 2.449~~E-02 6.92732E-02 4.98070E-02
4.27124E-96 ?.49qq9E-03 7.D2T4QE-03 4.54638E-03 5.62325E-03
4.9869?E-’39 3.9a~l$Jc-03 O. 3.84660E-03 2.1770SE-03
9.O71O8E-10 7.R163~E-05 1.??731E-04 1.71015E-O4 1.50059E-04
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TOTAL GAS 2.24027E+O~ 6.56b4qE+Os 1.246%2S-01 3.62262E-01 4.86926E-01
8.96991E+!31 (RAflI~A:TIVE GAS OENSITY)

TOTAL FP 1044045E+O4 3s4756RE+09 8027019E-01 1.07844E+O0 1.905b6E+O0

TOTAL GAS
FRACTIONS 1.55524E-01 1.91313F-~1 105O737F-O1 3.35912E-01 2.55541E-01

6.21322E-03 (QADI~4:TIVE FQ4C7~ClN OF TOTAL FP)

NOBLE GAS
FRACTIONS 1.4t1302E-01 6.~q214E-02 2.9Q30?E-02 4.48517E-02 3.79414E-02

1.16513E-33(NORLE Qaf)InACTIVE GAS FRACTION OF TOTAL FP)

TAqLF ?-xL

c~t.JTFvT qF ~~9L~ <A~Es &No HALoGENs

(EXCFEOING 1.90090E-O? PFRCENT oF ToTAL GAs)

TI~E STEp 32
ELAPSED T1ME=9.350Q4F+07 SEC
COEJLI”4G TIME=l.90000E+06 SEC
TOTAL 4CTIVITY.1.17~q9F+20
CURIES IN aLL FP= ?.19138Rc+9a

IN ALL GAS= 5.5$42qc+oq
IN I+ALOGENS= 3.424411E+03

IN N09LE GAS= 2.13799E+9$I
T9TAL BETA MEV/FI$S=4.44@73E-01
TOTAL Gb~MA $lEv/FI~S=!?.12971E-01
TOTAL 9ETA+GAM~A=l .G5q14E+9f)
FRACT19N OF TOTALS TN GAS PQ70UCTS

9ETA FRACT15~91.4?4QQF-91
GAMMA FRACT11’.1=3.11 ~%lE-IYl
T!3TAL FQACTIflU=2.34375E-01
FRACTIONAL DF~TITY 4LL :4T=1.555?4E-01
DENSITY OF RA91134?TIVE 34S=6.23414E-03
FRACTIONAL GAS ACTIVITY=l.74%Q1E-1)1

DECAY POUER IN YW F?Q 9LL Cp 1S
TOTAL BETA ~U=7.12957C+O0
T~TAL GAW~A ~’4=n.95149F+Oo
TIYTAL BETA+GA~MA ‘4W=1.60919E+01

(MULTIPLY MEV/F qY 1.1035?E+O1 T9 GET M’d)

●**TAB!JLAR vALljEs AQE GTvEN AS FQACTTINS oF ALL NUcLIOES***
NUCLIOE OENSTTV ~lJQIE$ 9FT4 ~FV/F GAURA PIEVIF 8+GqEVfF

z A S
359R B2 O 1.17272E-07 7.7q4qqE-05 2.qQ034E-05 4.35266E-04 2.55215E-04
353P 93 0 5.63334E-09 9.51741?-94 4.7?956F-04 8.49579E-06 2.14731E-04
36KR 95 1 4.01311E-07 2.19566E-03 1.?6?1?E-03 8.13771E-04 1.01243E-03
36KQ ?7 O 2.~57.3?E-Oq 5.4Tqq4E-fY4 1.7?959F-03 9.15987E-04 1.36904E-03
36KR !)8 O 4014476E-07 3.47955?-03 2.?9373E-03 1062337E-O2 1.00570E-02
53 1139 0 2.96255E-nT 5.496?4E-L14 4.?44n3E-04 2.42650E-03 1.53941E-03
53 1131 0 1062593E-94 1.Q9045E-O? 907421SE-03 1.6Z619E-02 1.33723E-02
53 113? O 2,71499E-06 ?.7Q295E-O? 3.*q5’3?E-02 1.31924E-01 9.06295E-02
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53 1133 0
54XE133 O
54XE133 1
53 1134 0
53 1135 9
54XE135 O
54XE135 1

TOTAL GAS

TOTAL FP

3.O51O!3E-95 3.$4973E-O? 3.91?75E-02 4.35583E-02 4.11564E-02
2.17424E-06 4.0?539?-9? 1oO$J731E-O2 6091499E-03 8.66874E-03
4.21855E-55 1.8579=F-03 CJO 9.09415E-04 50!)6472E-04
8.25526E-’3E 2.2134QE-93 4.05490E-03 1.21048E-O2 8.53804E-03
6.119.27E-nb ?.196?4F-O? ?.2?Q75F-02 6.70852E-02 4074622E-02
5.43607E-06 1.39?4RF-’32 1.144E!9E-02 7.684Z3E-03 9.352?9E-03
3.62795E-On ?.7442qF-03 O. 3071630E-03 2.04949E-03

20240?4E+’J~ 5.56479F+9? Q.2064qE-02 ?.52404E-01 3.4466G?E-01
9.93962E+01 (?AOIg4:TIVE S4S OENSITY)

1.44045E404 ?.19Q9EE+OQ 6.44’373E-01 8.1Z071E-01 1045814E+OO

TOTAL GAS
FRACTIONS 1.55524E-91 1.744Q1E-01 10b?499E-01 3.11061E-O1 2.36375E-01

6.20614E-93 (QADI~A:TIVE ~Q4?TrClN OF TOTAL Fp)

NOBLE GAS
FRACTIONS 1.49307E-01 5.70422E-O? 207Q717F-02 3.73348E-02 3.3L860E-02

1.16516E-03(N19LE QA!)19ACTrvE GAS FRACTION OF TOTAL F~)

T&RLE C-YLI

THI-2 IF OpERATEO 26K HQS 4T ?77?. AU ClNT. CINOER-10[LASL)8I79

cnWTENT f3F VflqLE GASES &NO HALOGENS
(EXCEE91NG 1.’)9OC)9E-O? OEQCENT OF TOTAL GAS)

TINE STEP 33
ELAPSED TI14E=9.35?7AE+07 SEC
COOLING TIME=3.60000F+’14 SFC
T9TAL ACTIVITY=l.0442QF+20
CURIES IN ALL FP= ?.8?740F+O?

I?i ALL GAS= 4.70~19c+o~
IN HAL9GENS= ?.93925E+9q

IN N08LE GAS= 1.QSs94E+f)~
TOTAL 3ETA YEV/FISS=5.?57?9E-01
TOTAL GAMMA MEV/FTSS=6.Q15?lF-01
T9TAL 8ETA+GA’4M4=1.?!07?5F+O0
FRACTION OF TOTALS TN GAS 0Q70UClS

BETA FRACT1~N=l.444?9F-31
GAMMA FRACTInN=7.91654E-01
TOTAL FRACTI’3N=?.?76?4F-01
FR4CT19NAL OcNSITy ALI. %AS=l.9S5?IF-01
OENSITY OF R~OIfIACTIVE %AS=6.1Q530E-03
FRACTICINAL GAS ACTIVrTY=l.70094E-01

OECAY QIYUER IN ‘4W F9P 4LL Fe T’s
TOTAL 9ETA MV=50q’3154E+30
TOTAL GAMHA Y’J=7.5?975E+9Q
T!ITAL 9ETA+Gh~~A ~W=l.33223E+91

(MULTIPLY IIEV/F ?V 1.10357E+01 Ta GET MU)
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***TLBULAQ VALUES AQF GIVEN AQ FQACT~IYNS OF ALL NUCLIDES***
NUCLIDE D~FA5yTy CIJQIEs qCTA qEv/F GAqqA HEv/F B+G HEVIF

z 6 s
358R 82 0 1.96333E-137 7.97744E-05 3.?2070E-05 4.70273E-04 2.79506E-06
36KR 95 1 1085144E-97 1.9~757c-53 7015571E-04 4047348E-04 5.64153E-04
361(R 97 0 1091379E-99 4.I11254E-05 1054422E-O4 7.07501E-05 1oO71Y7E-O4
36KR 99 0 1020211E-n7 1.1407?E-93 q.1715QE-04 5.5102OE-O3 3.52303E-03
53 1130 0 2016459E-?7 4.575?5E-06 3.Q4394E-04 2.18633E-03 1.40599E-03
53 1131 0 1.40091E-94 ?.~0303E-9? 1.17Q4qE-02 109O776E-O2 1.590113E-02
53 1132 0 2060209E-06 3.’3?*?9E-9? 4.57404E-02 1.50549E-01 1.04914E-01
53 1133 0 ?.5q3’Q3E-’Iq ?.?Q3?7E-CI? 3.9$~17!!-02 4.39555E-02 4.20997E-02
54XE133 O 2.16318E-04 4.5>49?E-02 1.32941E-02 8.19756E-03 1.04170E-02
54XE133 1 4.15114E-n$ 7.f)59a?E-f)3 (). 1.06628E-03 6.01938E-04

53 1134 0 1.95047E-99 !5.Q098qF-Q5 1.177?3E-04 3.40786E-04 2.43652E-04
53 1135 0 3.6151?E-96 1.45R045-O? 1065515E-o2 4.72249E-02 3.39674E-02
54XE135 O 5.79675E-04 1.6759qF-fJ? 1.49774F-02 9.74686E-03 102O246E-O2
54XE135 1 2o14334E-9q 2.23??QF-33 5. 2.6161OE-O3 1.47695E-03

T!ITAL GAS 2.24019E+OI 4,79alQE+OR 7.60?OQE-02 1.98768E-ol 2.7479QE-ol
8.9239~E+!)l (Qtif)IgACTIVE GAS DENSITY)

TOTAL Fp 1044045E+94 ~.92?4’3E+99 5.?572qE-01 6.131521E-01 1.20725E+O0

TOTAL GAS
FRACTIONS lo555ZlE-01 1.70’30~E-51 1.44620F-01 2.91654E-01 2.27624E-01

6.19530E-23 (QAf)Igfi:TTVE FQACTIfIN OF TOTAL FP)

NOBLE GAS
FRACTIONS 1.48313E-01 5.Q404QC-07 ?.014Q~E-02 2.78445E-02 2.88495E-02

1016374E-93(NO9LE Q4DIIYACTIVE GAS FRACTION OF TOTAL FP)

TAqLE C-YLII

TMI-2 IF OPEQATEO 25K !4QS AT 777?. qw C~I.JTo CINfjER-lo(LAsL)B/79

C~NTENT IF ‘4~BLE GIASES AND HALOGENS
(EYCFF91NG 1.’)C)OOI3E-O? OEQCENT OF TOTAL GAS)

TINE STEP 34
ELAPSED TIwE=9.35416E+97 SEC
COOLING TI~E=7.20000E+04 SEC
TOTAL ACT IVITY=9.!31?4qF+19
CURIES IN ALL FP= ?.4~15?F+O?

IN ALL GAS= 3.aC)513F+Oq
IN ~ALOGEWS= ?.?94255+39

IN N98LE GAS= 1.7nOq4E+09
TOTAL 8ETA ~EV/FIS’S=4.21101E-01
T~TAL GA~*A ~EV/FTRS=5.7~q45c-91
T~TAL BETA+GANYA=9.95941F-QI
FRACTION 5F ToTAL% TN $AS BQ’3DUCTS

3ETA FI?ACTIgN=l .49?03E-31
GAMMA FQACTION=Z.652Z7F-01
TllTAL FQACTIIN=?.1>365F-01
FR&CTIONAL OENSTT~ ALL %AR=l.555L4F-01
OENSITY OF QtiOTIIIrTIVE 3A$=5.174Q5E-03
FRACTI’JNAL GAS ACTIVITY=I.59Q45F-01
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Tf3TAL BETA rnU=&.54<~5E+30-
TOTAL GA~YA ~U=4.24?513c41Y9
TCIT4L 9ETA+GiiQ~tI *U=l.133913$E+’)1

(MULTIPLY NEV/F nY I.1O’35?E+OI T~ GET W)

●**TABIJLAQ VALIJES AOE GlvFN 4S FQAcT19NS oF ALL NucLIDEs***
WUCLIOE DENsTTy CLJQTES 9ET4 qEvfF GAHMA MEv/F B+G ~EVtF

z A S

35BR 82 0 8.74240E-5Q 7.581Q7F-CJ5 3.395?QE-05 4.58402E-04 2.78559E-04
36I(R 85 0 9.35626E-n4 3.05~9Q?-04 ?.?Q13qE-04 1.55373E-06 1.o1479E-04
3bKR 95 1 3.94055E-’)? ?.713051F-04 1.~9145E-04 1.12885E-04 1.45552E-04
36I(R 88 0 1oO112OE-9Q I.10975F-O4 9.59379F-05 5.59503E-04 3.59229E-04
53 1130 0 1.23770E-97 ?.a4474E-04 2.Q1537E-04 1.48214E-03 9.74505E-04
53 1131 0 1.55070E-Q4 ?.44A97C-02 1.4?5~?F-02 2.191OOE-O2 1.86722E-02
53 1132 0 2.33Z17E-06 302’I’35ac-’Y? 50?~915E-02 1.63404E-01 1016429E-O1
53 1133 0 1.95145E-05 7.73309C-02 3055133E-02 3.73444E-02 3.65639E-02
54XE133 O 2012Z39E-04 ~.13214E-02 1.5?q4tE-02 9.53572E-03 1.23891E-02
54XE133 1 3.Q4439E-Q6 ?.?6>46E-03 O. 1.20120E-03 6.9331OE-O4
53 1135 0 1.261S9E-136 5.R92R1E-03 7.212?9E-03 1.95417E-02 1,43286E-02
54XE135 O 4.27159E-n~ 1.fo?fll~E-02 1.3qO?TE-02 8.53006E-03 1oO7594E-O2
54XE135 1 7.48086E-Q? Q.0fi473E-f)4 0. 1oO9255E-O3 6024827E-04

TOTAL GAS 2.24019E+93 3.90513C+13* 5.Q9339F-02 1.52463E-01 2.11503E-01
9099455E+OI (QAl)TnAtTIVE 5AS nENSITY)

TOTAL FP 1.44045E+04 ?.44153E+09 4.?1101F-O1 5.74840E-01 9.95941E-01

TOTAL GAS
FRACTIONS 1.55514E-91 1.59046F-01 1.4’3?03E-01 2065227E-01 2012365E-01

6.17486E-03 (QAOT!lA:TIVE fR4CTIlN OF TOTAL FP)

N09LE GAS
FRACT12NS 1.4B320E-01 6.965alE-02 3.059?2E-02 201O866E-O2 2.51099E-O2

1.15750E-03(N19LE QACiTqACTIVF G4S FRACTION IJF TOTAL FP)

TA9LF C-YLIII

THI-2 IF POERATEO 25K ~QS AT ?777. ‘u C~’JT. CINOER-10(LASL)8I79

TINE STEP 35
ELAPSEO TIME=9.3671AE*n7 SCC
COOLING TIME=l.90009E+95 SEC
TOTAL ACTIVITY=707414QE+15
CURIES IN ALL FP= 1,’35716E+02

IN ALL GAS= 2.6441QC+’)13
IN HALOGENS= 1.30”94E+Q9

IN NIBLE GAS= 1.~6414E+09
TCITAL ~ETA qEV/FISS=3.?1794F-01
TOTAL 3A~~A MEV/FlR$=4.5a97’JC-31
T9TAL BETA+GAM14A=7.75137?E-91
F?ACTICIN C)F TgTALS TN GAS OQIOIJCTS

BETA F?ACTICN=l .0?5127F-31
GAMMA FP&cTIIU=?.1711QC-01
TOTAL FRACTInN=l .7?441E-O!
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FRACTIONAL DENfTT~ ALL 3AS=I.55499E-01
DENSITY Of Q4nT!)4CTIVE $AS=4.1?303E-03

FRACT13’4AL SAf ACIIVITy=l.3510~E-51

DECAY P9WER IN MU FmQ 4LL ~B IS
TflTAL 9ETA W=?,~5107F+?0
TOTAL GAY?A ~V95.9Q?04E+09
TOTAL ~ETh+GAW*h *U=q.5531?E+O0

(MuLT19LY qEv/F 3Y 1.10?5?S+01 To GET *U)

●**TABIJLAR vALUES AQC GIVEN AS FQ4CTIONR OF ALL NUCLIDES***
NUCLIDE 3ENSITy ~lJa YES 9ETA MEV/F GAMMA AEV/F B+G flEV/F

z A S
35BR 82 0 4.85979E-9Q 5.?54~5e-05 ?.40429E-05 3023086E-04 1.99929E-04
36KR 95 0 9.354Z9E-04 3.9’)0913E-94 3.119?5E-04 1.96999E-06 1.30615E-04
53 1130 0 2.3L399E-Oq 7.14~56E-05 6.Pq76ZE-05 3.51395E-04 2.34099E-04
53 1131 0 1.40404F-94 2079446E-02 1.fiQqAQE-02 2051581E-02 2.17240E-02
53 1132 0 1.32476E-94 3.05q51F-02 5.24270E-02 1.5873bE-01 1.14599E-01
53 1133 0 6.91349F-05 1075442E-O? 1.70QQ6:-02 1074272E-O2 1.72912E-02
54xE133 O 1091745E-04 5.784T1E-O? 1.92540E-02 1.092b5E-02 1.43839E-02
54XE133 1 3.09273E-Ck 2.29593!-03 0. 1.1905bE-03 6.96265E-04
53 1135 0 5.36500E-OQ 3.1?033E-94 4.01?9?E-04 1oO5372E-O3 7.82845E-04
54XE135 O 7.14943E-n7 9.99441E-03 3.03159C-03 1.815b4E-03 2C32047E-03

TOTAL GAS 2.23~89E+O? ?.6~419F+Oq 3.5?38qE-02 9.84153E-02 1.33654E-01
9.81989E+01 (OAOTOA:TIVE GAS OENSITY)

TOTAL FP 1.44045E+04 1.9571.5F+09 3.?1794E-01 4.53279E-01 7.75073E-01

TOTAL GAS
FRACTIgNS 1055499E-01 10351O4E-O1 IoOQ507E-01 2.17119E-01 107244IE-O1

6012303E-O? tQ401~A:TIVE PRACTION OF TOTAL FP)

N09LE GAS
FRACTIONS 1.4s330E-01 5.35715E-O? ?.?~QQqE-02 1.40695E-02 1.76111E-02

1.l?244E-03(N?qLF ?ADT~ACTTVE GAS FRACTION OF TOTAL FP)

T31-2 IF 9PEOATE0 261( Hot AT ?772. ‘W C1’ilo CINDER-10(LASL)8?79

c7NTEUT qF W133LE G4SES AND HALOGENS

(EYCEc~TNG 1.’JO9O~E-O? OFQCENT OF TOTAL GAS)

TIME STFP 36
ELAPSED TXME=9.39515F+97 SEC
C@!lLING TI~E=3.60399F+95 SEC
T13TAL ACTIVITY=40n2404c+19
CURIES IN ALL FO= 1.~3104E+9~

IN ALL GAS= 1.Q?135E+0~
IN FIAL3GENS. q.99f$4’?E+07

IN N!3BLE GA5= 9.33900?+07
T9T.AL BETA ~EV/FIRR=7.690~3E-01
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TOTAL GAYMA MEVlFTSf=3.71~77E-01
TOTAL 9ETA+GAM~A=6.41~q5E-01

FRACTION OF Ti3TAL~ TN GAS ‘07nUCTS
BETA FRACTSON=7.951G1E -?2
GAB?A FpACTIg~=l .65s7’)c-L)l
TOTAL FRAcTI~N=lo29377F-ol
FACTIONAL 9FN~TTY ALL ?dR=l.55478E-01
OENSITY OF R40194CTTVF S4S=6.0545*E-03
FQACTICINAL GAS ACTIVTTY=l.11799E-01

DECAY p9’dEQ IN WV rn~ 6LL cm IS
TCJT4L 4ET4 3U=2.97911F+70
T9T4L GAMWA ~U=4.lf)4?5E+09
TOTAL 9ETA+GA~*4 ~U=7.09336F+O0

(HULTIpLY ~EV/F BY 1.1035?F+O1 T!l GET W)

●**Tabular vALUES AQE GTVFN 4S FQACTT!JVS OF ALL NUCLIOES***
NUCLIDE DENsTTy ~u~r~s 9ETA UFV/F GA!!MA tlEV/F B+G HEV/F

z A S
36<R 85 0 9.35094E-04 4.55970!-04 3.71556E-04 2.40004E-06 1.57659E-04
53 1131 0 1.18092E-’34 ?.912??E-92 105Q3O2E-O2 2057889E-02 2020631E-02
53 1132 0 1017o13E-O4 ?035149E-02 4.09734E-02 1.24056E-01 8,87349E-02
53 1133 0 1.2875ZE-~6 2.944~aF-03 ?.9~14qE-03 4.01339E-03 3.94530E-03
54XE133 O 1.51816E-04 5.495195-02 10q16~4E-02 1oO5424E-O2 1.37502E-02
54XE133 1 1.77525E-06 1.52437F-03 O. 8.35583E-04 4.84155E-04

TOTAL GAS 2.2395’3E+03 1.92335E+9X 2.1455aF-02 6.15790E-02 8.30448E-02
8072129E+01 (QA01n4:TIVE GAS DENSITY)

TOTAL FP 1.44045E+134 I063196E+09 2.69963E-01 3071922E-01 604198SE-01

TOT4L GAS
FRACTIONS 1.55475E-nl l.llTqQE-01 7.95141F-02 106557OE-O1 1.29377E-01

6.05459E-93 (QAOT04:TTVE =QACTTflN OF TOTAL FP)

NOBLE GAS
FRACTIONS 1.49334E-01 5.7?571E-02 I096405F-02 1.15304E-02 10452O7E-O2

1oo9O1OE-O3(N7RLE ‘40TOACT[VE 5AS FRACTION OF TOTAL Fp)

TflI-2 IF OPERATED 24K ~QS AT ?77?. ~U C@NT. CINDER-10(LASL18/79

CWTSWT nc ‘4~~LE GASES AND HALOGENS
(EyCFFmING 103OOO9E-O2 ‘EQCENT OF TEITAL GAS)

TIME sTEP 37
ELApSED TIME=9.42116F+07 SEC
COOLING TIWE=7.?OO~9E+05 SEC
TOTAL ACTIVITY=4e92032E+lQ
CUQIES IV ALL CQ= l.??~p?!+~~

IN ALL GAS= 1.9?q54F+Oq
IN HAL3GEN$= 4.q9~?OF+07



IN Nf19LS G4S= ~.474?7E+I17
T3TAL 9ETA MEV/FIS$=?027~63E-01

TOTAL GA’l~A YEv/FTS\=2.91199F-01
TOTAL 9ETA+GAMX&=5.lS461E-nl
FRACTIIYN @F TgTAL$ TN GAS Po991JCTS

3ETA FITACTION=4.5Q951C-02
GAMMA FRACTInN=9.4!193F-O?
TOTAL fPACTI~~=70495qOE-’)?
FRACTI~NAL CIENSITY 4LL 5AS=1.55644E-01
OENSITY OF RAOTOACTTVF 5A$=5.95776F-03
FACTIONAL GAS ACTIVTTY=7.73443E-92

DECAY DOWER IN ~W F~Q ALL CD 1S
TOT4L BETA MU=?.51011E+’3O
TOTAL GAMMA MY.3.?1364F+39
TOTAL BET4+GA~w& 4U=5.79355F+O0

(HULTIpLY NEV/F 9Y 1.I0352E+91 Tfl GET ~W)

I

●**TABULAR vALIJES AQE GTVEN 4s cQ4CTTgXJS OF ALL NUCLIDES***
NUCLIOE DENSTTY ~lJQT~~ 9ETtI ~EV/F GAXMA tlEV/F 8+G qEV/F

z A S
36KR 95 0 9.34397E-94 5.59954E-04 4049554F-04 3.O631OE-O6 1.94972E-04
53 1131 0 8.27369E-05 2.41661E-O? 1.40777F-02 2.30767E-02 1.91301E-02
53 1132 0 4.$31L57E-07 1.I$36Q5E-3? 1.Q5574E-02 6.51541E-02 4.51573E-02
53 1133 0 4.59719E-9Q 1.?45q?E-04 1.6??15E-04 1.83027E-04 1.74338E-04
54XE133 O 8.9721oE-O5 3.9”3?7?-0? 1.27441E-OZ 7.95759E-03 1.00569E-02
54XE133 1 5.!37995E-97 5.75909!-04 O. 3.05381E-04 1071454E-O4

TOTAL GAS 2.23909E+~3 1.0?954E+09 1.05874F-02 2.8191OE-O2 3.88783E-02
8.58181E+OI (QAOTn4CTTVE GA? DENSITY)

TOTAL Fp 1.44044E+94 1.3299?E+’39 2.2~463F-01 2.91198E-01 5.18661E-01

TOTAL GAS
FRACTIONS 1.55444E-131 7.73~43?-~? 4.6~951’-O2 9.68103E-02 7.49590E-02

5.95776E-07 (QAf)If?fiCTIVE FQACTTfJN DF TOTAL Fs)

NOBLE GAS
FRACTIONS 1.48329E-01 6.l17QqE-O? t.31q4QE-02 8.36973E-03 1oO4814E-O2

1.02591E-93[N’3QLE 0491’34CT?VE GAS FRACTION OF T~TAL F~)

TMI-2 IF ClpE?ATED 26K MQS AT 277?. *U CqNTe 51NoER-lo(LAsL)8/79

TIYE STEP 38
ELAPSED TI~E=9.5291AE+97 SEC
COOLING TI~E=l.900’YOE+04 SEC
TOTAL ACTIVITY=3.59105E+I9
CURIES IN ALL FOB Y,7n707c+qQ
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IN ALL GAS= ?.34136F+07
IN HA LCIGENS= 1.29440E+07

IN N5BI.E GAS= 1.135Q6F+07
TOTAL BETA ~EV/FIf~=107=Q2nF-01
T~TAL GAWM4 NEV/Fl~$=l.88Q39C-01
TCiTAL 9ETA+GANqA=3.5km54E-01
FRACTION OF TCITALS TN GAS 9Q191JCT$

9ETA FRACTIDN=l .17500F-52
GAM~A FQAcTIqv.7.167?c?C-Q~

TOTAL FRACTIn’4=1.6?671F-O?
FRACTILINAL DFNSTTY ALL 5AS=1.55401E-01
DENSITY OF RAnIQACTTVE S4S=5.93a69E-03
FRACTYgNAL GAS AC7TVYTY=2041179E-’3Z

DECAY ~OUEQ IN ‘4U Fmo 6LL CO IS
T7TAL BETA W=l.Q4141E+30
TOTAL GAYMA M’91=?.09499E+00
TOTAL 3ETA+GAM~A MU=6.0242QE+90

(MULTIpLY “lEV/F By 1.1O?5?E+O1 TO GET ‘WI

***TARLJLAQ V4LUES AQF GIVFN AS FQACTTINS OF ALL NUCLIDES***
NUCLIC)E OENSITY CLRIES 9ETA ~EV/F GAMMA HEV/F B+G flEVIF

z A S
36KR B5 O 9.32338E-Q4 7.65341C-54 5.6947QE-04 4.71074E-O6 2.76549E-04
53 1131 0 2.81825E-35 101?75RF-O? 6.19a97E-03 1021154E-O2 9026307E-03
53 1132 0 3.34~53E-Oq 1.13052E-03 1.75q?OE-03 6.98247E-03 4046342E-03
54XE133 O 1.76059E-0~ 1.0706QE-02 3.?333?E-03 2.40675E-03 20B0530E-03

TOTAL GAS 2.23B45E+23 ?.34136F+07 2.06890C-03 4.08521E-03 6.1541OE-O3
8.41127E+01 tQADI~ASTIVE GAS 9ENSITY)

TOTAL FP 1.44044E+04 9.70TQ7E+09 1075~?9E-01 1.BB930E-01 3064858E-01

TOTAL GAS
FRACTIONS 1.55401E-01 2.41179E-02 1.1759QE-02 2016229E-02 1.68671E-02

5.83940E-03 (QA9TIYA:TIV~ FQACTION OF TOTAL Fpl

N09LE GAS
FQACTICINS 1.49325E-01 1.17116E-132 3.99179C-03 2.52486E-03 3.14057E-03

9.50791E-54(NgRLE B!DTOACTIVF GAS FRACTION OF TOTAL FP)

TABLF C-XLVI1

THI-2 IF CIPERATEO 26K HOS AT 277?. ‘w Cl~T. CINOEQ-lo(LA5L15~79

~qvT?~T IF NI19LE <A<cT AND HALOGENS

(EXCEE91NG 1.39000E-02 BEQCENT OF TOTAL GAS)

TIME STEP 39
ELAPSED TIME=9.70Q16=+07 SEC
COOLING TI~E=3.6000~F+04 SEC
T9TAL ACTIV1TY=2 C63~a?c+lQ
CURIES IN ALL FP= 7.?711?F+Oq
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IN ALL GAS= 7.3313QC+9$
IN HALLIGENS= 1.Q2Q@~C+7$

IN NIY13LE GAS= 1.5015hF+!)5 “
TOTAL BETA ~Ev/FtS$=l.4031’)’-f3l
TflTAL GAM~A PEV/F7S~=l.?4419c-01
TOT4L 9ETA+GA~’’lA=?.549lQF-!)l
FRACTICIN OF TOTALS TN GAS OQIOUCTS

BETA FRACTICFJ=?.?Q114F-93
GAMMA FQA<TIfl’1=3.4T94?E-03
TOTAL FRACTIdV=?.9496f)F-t13
FACTIONAL 0EN~T7V 4LL ;AS=l.554’31C-01
DENSITY 9F R40TOACTYVE S4S=5.99Q47E-03
FRACT19N4L GAS ACTtV~Tv=4.5Ql%6E-IY~

DECAY OnUER IN YW FnQ ALL FO TS
TOTAL 3ETA H$=l.5$q~5F+?0
TnT4L GA’414A ~’d=l.37519c+09
TCITAL 9ETA+GA~MA YU.?.Q?345F+?Q

[HULTIpLY ‘lEV/F 9y 1.19?5?E+51 TO GET W)

●**TABULi2 VALUES aQF GIVEN AS FQACTIINS OF ALL NUCLIOES***
NUCLIDE DENSITy ~lj~ TF$ ~GT4 wEv/F GAMbIA HEv/F 9+G qEV/F

z A S
34KR 85 0 9.28Q17E-7~ 1.019Q?F-93 7.10146F-O4 7.11603E-06 3.79474E-04
53 1131 0 4.677~ZE-9b ?.69QQ?E-03 109Q331E-O3 3.04894E-03 2011751E-03
54XE133 O 1014975E-n5 Q033542E-04 2.b4751E-04 2.313300E-04 2.52309E-04

TOTAL GAS ?.23@44E+Q~ ~.?~13QF+05 3.?1470E-04 4.33444E-04 7.54914E-04
9.36809E+01 (QAnT9A:TTVF G4S DENSITY)

TOTAL F~ 1c44042E+04 7.?7113’+OR Io4931OE-O1 1.2461OE-O1 2064919E-01

TOTAL GAS
FRACTIaNS 1.55401E-’31 4.5816~:-~3 2?o?9114E-03 3.47842E-03 2084950E-03

5.EOQ47E-113 (QAOT~&?TIVE FRACTTf3N OF TOTAL FP)

N08LE GAS
FPACT19NS 1.4P331E-91 ?.05~19c-n? ‘3.7491RE-04 3.05013E-04 6.59814E-06

9.303!35E-94(N!IBLE QA9[IYACTTVE GAS FRACTION OF TOTAL FP)

TARLE C-YLVIIX

TPII-2 IF ClpEQATED 26K ~Q$ AT 277?. MM cflNT. CINoER-10(LA5L)8/79

C~NTENT II= NnqLE G4$ES ANO HALOGENS
(EYcE53fWG ‘1.’3OOOOE-O? PE9CENT OF TOTAL GAS)

TIflE STEO
ELAPSED TI~E::.00~W+98 SEC
CCICtLI’4G TI~E=70200’10E+06 SEC
TOTAL ACT IVITY=l.Q71’5E+19
cuRxEs IN ALL FP= 5.n~704E+9?

IN bLL GAS= 7.0557?!+05
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T9TAL 9ETA ~EV/F17$=l.0Q3Q4F-01
TOTAL Shvuh MEVlFl~T=7,73~Q9E-9?
T3TAL 3ETb+5bM”$=l.m6Tq?E-Ql
FRACTIgN CF TOTALS IN GAS OOIDUCTS

3ETA FQACTI!?’4=’QO’5130qE-94
GbPIMA FRACTImN=l .5q441E-04
TOTAL FRACTIm’4=!3.?9741E-04
FRACTIONAL OENSTTY ALL ?AS=l.5~411)F-01
OENsITy oF QAmInAfTTVE ;4$=5.@1177:-03
FRACTIJ3NAL GAR &CTIVT7Y=l.57445E-O?

DECAY O~UER IN ‘4W FIQ 4LL FO IS
T’ITAL 13ETA W=l.?970QE+70
TOTAL GAWMA ‘U=q.54116c-51
TIITAL 9ETA+GlqMA ‘4V=?.05123F+99

(MULTIPLY ~EV/F 9y l.10?~?F+Ol T~ GET XW)

●**TA9UL4i? V4L’JES AOE :IVEN 4S CPACTTOVS OF ALL NUCLIOES***
NUCLIOE DENSITY ~ll?r~s 5?14 UEV/F GAVMA MEV/F B+G qEV/F

z A S
36KQ 85 0 9.22112E-04 1.45949E-03 9.04?5QE-04 1.13724E-05 5.34Z66E-04

TOTAL GAS 2.?31164E+f13 7.Q457?C+95 lor14959E-04 1.Z2632E-05 1.16321E-04
$3.37119E+01 (QAO19A:TTVE 54S OENSITY)

TOTAL Fp 1.44040E+04 5.95905E+Oq 1.0Q?R4E-01 7.73990E-02 1.96793E-01

TOT4L GAS
FRACTIONS 1.5541!3E-01 1.57445E-03 9.5130qE-04 1.58441E-04 6.22751E-04

5.9117?E-93 (QA~T’34:TIVE Co4CT~lN OF TOTAL FO)

NOBLE GAS
FRACTIi3NS 1048330E-01 1.47549?-03 Q.0~794E-04 2.31?93E-05 5.40005E-04

9.22152E-04(M~qLF RAOI!IACTTVE GAS FRACTIf3N OF TOTAL Fp)

TABLE C-XLIX

TMI-2 :F OPERATED 25K HQ’S hT ?77?. ~W cgNT. CINDER-10(LASL)13/79

CIVTFVT 17F Y~qf.E S4SES AN!) HALOGENS
(EYCEEf)ING 1.30000E-O? PEOCENT OF TOTAL GAS)

TIME STEO 41
ELAOSEO TIME=l.l14a?F+CJ8 SEC
CO~LING TI~E=l.900f’QF+nT SEC
TOTAL ACTIVITY=9.94017E+lq
CURIES IN ALL Fp= ~.5q~51F+93

IN ALL GAS= 7.tq767c+05
TV HAL(lGE!JS= 3.633~3C+09

IN NOBLE GAS= 7.1~7b35+’35
TnT4L 9ETA ‘4EV/FT~~=7.lQ~m~F-O?
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FRACTION 5F TOTALS TN GAS D~19UCTS
BETA FRACTI!YJ=l. 34673F-03
GA~~A FRACTII*I=?. 5QS44C-0!5
TCTAL FRACTI~N=g.?Q32qc-94
FQACT12NAL DFN~TTV 4LL CA$=I055677F-01
DENSITY OF RA910ACTTVE 2AS=5090172F-03
FRACTIONAL GAS 8CTIV17~=2.67544!!-33

DECAY pOWER IN *U “?Q ALL co TS
TOTAL 9ETA Nu=7.Q?77%c-91
TCiTAL GAMNA w=3.56?0’IF-01
TOTAL 9ETAtGA~~A UW=l.150ME+!)9

(MULTIOLY ~EV/F gY 1.1035?E+O1 T’1 GET ~W)

●**Tabular vALuES AQF GIVCN AS FPACT17NS OF ALL NUCLIDES***
NUCLIDE OENSTTV ~t)o Tcs qCTA 14FvfF GAHMA MEv/F B+G MEVfF

z A s
36KR 35 0 9.01991E-!)% ?.675bOF-Q3 1.34572E-03 2.59377E-05 9.29318E-04

TOTAL GAS 2.23966E+9? 7.1Q757E+95 Q.476Q7E-05 8.61855E-07 9.76111E-05
8.35641E+CJ1 (QAOIIACTKVE 5AS OENSITY)

TOTAL FP 1.44033E+134 2.6Q653E+09 7.19403E-02 3.31937E-D2 1.05034E-OL

TOTAL GAS
FRACTIgNS 1055427E-’31 ?.47544?-93 1.34673E-03 2.59644E-05 9.29328E-04

5.90172E-93 (QA~TflIl:TIVE FQ4CTI~N OF TOTAL FPI

NOBLE GAS
FRACTIONS 1.48315E-O! ?.57~43E+3~ 1.3457?E-03 2.59561E-05 9.29324E-04

9.019~zE-f34(N19LE QAOT’3ACTTVE GAS FRACTION OF TOTAL Fp)

T!41-2 IF 0PER4TE0 24K MPS AT 277?. MU C7NT. CINDER-1OILASL)8I79

CVJTENT ?F N19LE GASES AND HALOGENS
(ExrECO?NG 1.390!)OE-32 OEQCENT OF TOTAL GAS)

TIF!E STEfJ 42
ELAPSED T14E=l.25fi?9F+OQ ~EC
COOLING TXME=3.15~6QF+’37 ?!!?
TOTAL ACT IVITY=4.4T!3?:+1Q
CURIES IN ALL Fp= 1.74QOIE+09

IN ALL GAS= 4.’391I7C+95
IN 4ALOGEYS= ?.h?714E+09

IN NIY9LE GAS= 5.QQl14E+n5
TOTAL 3ETA HEV/FIS~=4.976f14F-O?
TOTAL GA~WA ~EvlFIss=l.aGo6aE-9?
TOTAL 8ETA+GAMMA=~05?754E-9?
FRACTIC)N nF TnTALS 7N ta~ oOmnll?TR
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.

9ETA FRACTIOW=loqQOq5E-93
GA~$lA FRACTIOV=4.S?534F-05

TOTAL FRAC,TIT4=l.3Q55qE-03
FACTIONAL !)ENSTTV ALL :A$=l.55417E-01
DENSITY OF RAnIm4:TYVE 54$=5077a15S-03
FRACTIONAL GAS ACTKVTTY=3.9Q7??E-03

0EC4Y POWER IN !iU FmQ &LL FQ IS
TOTdL 9ET4 ~V=5049?OOE-’)l
TOTAL GAWHA ‘4W=2.1342?7C-01
TOTAL BETA+GAw~A ‘v=7.53436E-01

(MIJLTIPLY !4Ev/F RY 1.I035?F+91 T9 GET W}

***T49uL4R VALUES AQF GIVEN 4S F~ACTIINS OF ALL NUCLIOES***
NUCLIOE OENSITY Cu?TES qFTA MEv/F GAMMA MEV/F 9+G MEVfF

z A S
36KR 85 0 8.77397E-04 3.997?1E-03 1.q9995E-03 4.52504E-05 1039O58E-O3

TOTAL GAS 2.23841E+9? 5.9Q117C+05 9.4?952E-05 8.37498E-07 9.49427E-05
8.32?04E+131 (QADI~ACTIVE GAS OFNSITY)

TOTAL FP 1.44026E+94 1.74901E+09 4.Q74$4E-02 1.85069E-02 6.82754E-02

TOTAL GAS
FRACTIONS 1.55417E-01 3.997??E-!13 1.q~995E-03 4.52534E-05 1.39058E-03

5077815E-9~ (@AOf94?TTVE FQ4?TT9N OF TOTAL Fp)

N09LE GAS
FRACTIONS 1.4P300E-01 3.QQ721F-03 10~9fJ95E-03 4.52504E-05 1.39058E-03

13.77389E-94(u~BLE QADI~ACTTVE GAS FRACTION OF TOTAL FP)

TflI-2 IF 9PERATED 25K HOS AT 277?. Uu CgNT. CINDER-10(LA5L)8/79

fl~TCbJT qC ~nQLE GA~i=~ ~No HALoGEYS

(EXC=C9TNG 1.30000E-O? OEQCENT OF TOTAL GAS)

TIME STEP 43
ELAPSED TIKE=l.294Q?E+OQ SF?
CO!3LING TI’4E=3.50P9~E+97 SEC
TOTAL ACTIVITY=5.Q3?53F+1?
CURIES IN ALL Fp= 1.57534E+C19

IN ALL GAS= 6.Q?7S7C+!M
IN H4L3GE’4S= ?.6~>17E+03

IN N09LE GAS= 5.Q7755E+135
TOTAL 3ETA YEV/FIeS=4.47903C-02
TOTAL GAY~A !4EV/FT~S=l.654q3E-02
TOTAL BETA+5h”’4A=5.17494F-O?
FRACT19N OF TOTALS IN GAS pQ90UCT$

J3ETA F~ACTTClN=2.~q419F-9?
GA~MA FRAcTInN.5.n149Qc-05
TflTAL FRA:TIl”=le53697c-’3~
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DECAY 00i4Ea IN ~k’ cnQ 4LL co 1S
TOTAL BETA flW=4.~3279C-91
ToTAL GAPMA WW.~,97515F_91
TOTAL 9ETA+GAY~& ~W=~.T5qQ?F-t’Jl

(~ULTIPLY ~EV/F 4Y 101035ZF+O1 TO GET ~u)

41**T4BULAQ VALUES &QE G!VEN 5S ~QACTT~NS OF ALL NUCL19ES***
NUCL13E DENSITY CIJ?TES 9FTA ~EVIF GAMNA flEV/F 0+6 qEvlF

z A S
34KR 95 0 8.59~21E-f)6 4.3Q445F-03 2.f3Rh10F-Ci3 5.01454E-05 1.536i)2E-03

TOTAL GAS 2.23831F+II? 6.Q?7’37E+05 9.??492E-05 8.29880E-07 9.40791E-05
8.31057E+91 (QA919A:TIVE GAS DENSITYI

TOTAL FP 1044023E+O4 1.57636E+Q9 4.47003E-02 1.65483E-02 6.12486E-02

TCJTAL GAS
FR4CTXONS 1055413E-O1 4.39446E-03 2.0*61~F-03 5.01489E-05 1.53602E-03

5.77029E-O?J (I?A9?IA”TIVE ~Q4CTT~N 9F TOTAL FPJ

NOBLE GAS
FRACTIONS 1.48294E-91 4.?Q465?-93 9.5961OE-O3 5.01456E-05 1.53602E-03

8.69422E-n4(N79LE QdDI04CT[VE GAS FRACTION OF TOTAL FP)

T&RLC C-L7[

TMI-2 IF gPEQATE9 251( UPS QT ?77?. MU ~qqT. cxNDER-lo[LAsL)8t79

clNT~WT ~F N~qLE GAsFS ANo HALoGENs
(EXCFEnTNG 1.3’)OO13E-O? pEQCENT OF TOTAL GASI

TI~E STEP 44
ELAPSEO TIME=l.45~~~c+Oq SEC
COOLIVG TIME=7.20979~+’)7 ~FC
T’YTAL ACTIVITY=3.12?qlC+I0
CUZIES IN ALL FP= ~.44?72’F+I17

IN ALL GAS= 6.43543E+05
IN 9AL9GEMS= 7.fi371?F+09

IV NoBLE GAs= 6.4154!3?+05
TrlTAL qETA WEV/FIS~=?.’377$5F-O?
TOTAL Gh*~A *EVtF1S5=10n37~25-O?
T!3TAL ~ETA+GAMYA=~.ll?99!-O?
FRACTIGN OF TnTALS TN GAS OQIOIJ?TS

BETA FQACTIPN=4.1-979F-23
GA~yA FRAc7r7W.7,4707QF-135
TCJTAL F9ACTI?’J=2.*1OO7E-O3
Fractional DENSITY ALL 3A<=1.55373E-01
DENSITY gf QAf)I~iCTTVc :AS=5.70a?5E-03
Factional GAS ACTTVTTY=7.6?265E-93
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DECAY PCUER IN ‘4W c~Q ALL co TS
T2TAL 9ETA NU=?.?~701E-’)l
TCJTAL GAW~A ‘Y=l.14C94C-91
TEATAL 9ET4+GA””A ~W=3.43295E-!31

(~ULTIpLY ~EV/F qY 1.10?5~c+Ol TCl GET ‘W)

***Tt@uLAQ V4LUE5 41?F GIVEN 4’S FRACTT9’4$ C)F ALL NUCLIDES***
NUCLIDE CENSTTY rll?r~$ 9ETA NcVtF GAIIMA t4EV/F B+G I!EV/F

z A S
36XR @5 O .9.07755F-94 7.6?94?F-D3 4.1T9TqC-03 7,42924E-05 2.81OO7E-O3

TOTAL GAS ?.23745E+93 5.4~54?E+05 q.55?45E-05 7.709Z8E-07 8.73955E-05
9.ZZ163E+Q1 (QADTIA:TIVE GAS nFNSITY)

TOTAL FP 1.44006E+04 9.44?72c+n7 ?.07?45E-OZ 1.0376ZE-02 3011OO8E-OZ

TOT4L GAS
FRACTIOVS 1.55373E-31 7.6??65;-03 4.179795-03 7.4Z979E-05 2.91OO7E-O3

5.70~25E-O? (QA~T9A:TTVE FQACTInN OF TOTAL Fp}

NOBLE GAS
FRACTIONS lo4q251E-01 706??4??-03 4.17Q713F-03 7.4Z924E-05 2.81OO7E-O3

J?.07757E-04(NnqLE ‘J&OY9ACTTvE GAS FRACTION OF TOT4L Fp)

TUI-Z IF C)OEQATED 25K ~Q5 AT ?77?. MU CZJgT. CINDER-10(LASL)8/79

TIHE STEP 45
ELApSED TIWE=.2.734Q?C~Oq SE?
COCALING TIAE=l.!_JOOOnc+5Q SCC
T9TAL ACTIVITY=l.?~65TC+lq
CURIES IN ALL Fo= ~.~a2q~E+OT

IN ALL GAS= 5.150n9E+m5
IN HALgGENS= ?.5371RF+9’)

IN N?9LE GAS= 5.15?~Qc+’)5
TOTAL 9ETA ~EV/FIS~=505??77E-01
TOTAL GA*nA *EV/FTSS=4eQ2945E-03
T~TAL 8ETA+GA~~A=l.’3a4l7E-9?
FRACTION gF TOTAL< IN ?AS 0Q7DIJC7S

9ETA FQACTIO~=l .?5740E-’)?
GA~9A FRACTI~N=l .?5404F-94
T2TAL FQACT17~=~.79R75~-133
FR4CTI13NAL Dc’JfITy ALL 2AS=l.552~9F-01
DENSITY gF ~A’)r~ACTTVF :&~=5.55957C-03
FRACTIONAL GAS 4CTIV11Y=1.4744QE-02
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T9TAL 9ETA+GA~YA Wbl=1015243:-111
(MULTIOLY ~EV/F qY 1.1035?E+O1 Tn GET ~U)

***TABULAR VALUES &QE GKVEN &S FVACTT7NS oF ALL NUcLIDES*** -
NUCLIDE IJENSTTY CIJQ rc~ 9ET4 ~EV/F GAMflA HEV/F B+G IIEVfF

z A S
36KR 85 0 6.47733E-1)4 104744QE-92 1.2573QE-02 1.25593E-04 6.70B75E-03

TOTAL GAS 2.23515E+OI 5.15900E+05 6.Q4431E-05 6.18030E-07 7.00611E-05
7.99091E+01 [sA91T&:TIVE GAS OENSITY)

TOTAL FP 1.43963E+04 3.4QR93E+07 5.52?77E-03 4.92045E-03 1.04432E-02

TOTAL GAS
FRACTIONS 1055259E-9I 104744QE-92 1.?5T40E-02 1.25604E-04 6.70876E-03

5.55067E-03 (Q401~~:TIVE FQACTI13N OF TOTAL FP)

N09LE GAS
FpACTIDNS 1.48134E-01 104744QE-O? 1.?5~39E-02 1025593E-O4 6.7087SE-03

6.47734E-0A(N7qLE P~!)?~ACTTVE GAS FRACTION OF TOTAL Fp)
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T4q LE C-LTV

TIII-2 IF OPERATED 24K WQ~ AT 27720 MW C~NTO CINDER-10(LASL)8/79

SIJMq&Qy nF PQ139LE~ f)uTpuT

POWERS T9TAL C5NTENT~ FTSS !)EN$TTys ACTIVITY

1S ELAPSED TIME (S) ?4Q04SIFTSSION (LAST 4 GROUPS)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

20
21

::
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

:;

4.2494E+06 4.Q795E-1)7 ?03?R1E-01 1.773ZE+01 6.64Z2E+02
9.4992E+06 5.1OI3?F-5? 2.4933F-91 1.9758E+01 3.7098E+02
1.2749E+07 5.l~82E-O? 7.4465E-01 IoQ243E+01 2.7004E+02
10699RE+O7 5.7175C-07 204770E-01 109496E+O1 201754E+02
2.1248E+07 5.75Q1F-O? 2.5004E-01 1.9618E+01 1.9483E+02
2.5498E+07 507Q35F-02 ?.51RQE-01 1.Q657E+01 106226E+O2
.209747E+07 5oa755c-O? ?.5349E-91 1.9639E+01 1.4559E+02
3.3997E+07 5.3549E-02 ?.5464E-01 1.9579E+01 1.3271E+02
308247E+07 5.3??!1C-02 2.5564E-01 10Q49OE+O1 1.2240E+02
402496E+07 5.4’375F-02 2.5451E-01 1.9376E+01 1.1394E+02
4.6746E+07 5.4315F-O? ?.57?1E-01 109245E+O1 100684E+O2
5.0995E+07 5.4541F-O? ?.5778E-01 1.9099E+01 1.0080E+02
5.5245E+07 5.47~4F-02 205Q2ftF-01 1.9941E+01 9.5581E+01
5.9495E+07 5.4a55=-02 7.51?5QF-01 109773E+O1 9.1019E+O1
6.3744E+07 505145F-O? ?.51385E-01 1.9597E+01 8.6993E+01
6.7994E+07 5.5?24E-O? ?05Q03E-01 1.9415E+01 903408E+01
7.2244E+07 5.5695E-O? ?.5913E-131 1.9228E+01 8.0191E+01
7.6493E+07 5.5657F-02 7.5Q16F-01 1.R036E+01 7e7283E+Ol
9.0743F+07 5.5qOQC-02 ?05913E-01 107841E+O1 7.4638E+01
9.4992E+07 5.5953F-O? ?05904E-01 1.7644E+01 702218E+01
J3.9.24?E+07 5.6080C-02 ?.51390E-I’)1 1.7444E+01 6.999?E+01
9.3492E+07 5.6?17f--O2 7.597QF-91 1.7244E+01 6.7935E+01
9.3492E+07 5.5?17E-07 7.5q70E-01 1.7244E+01 607937E+01
9.3492E+07 5.6217C-132 7.5870E-01 1.7?44E+01 6.7942E+01
9.3492E+07 5.A?17C-O? ?.5q70E-01 1.T244E+01 607951E+01
9.3492E+07 5.6717F-O? ?.5870E-!31 1.7244E+01 6,7999E+01
9.3492E+07 506?17F-07 2.5Q70E-91 1.7244E+01 6.8095E+01
9.349?E+07 5.~717E-n? 7.5971E-!31 1.~244E+Ol 6.9563E+01
9.3493E+07 5.5719C-07 ?.5Q71E-01 1.V244E+01 609450E+01
9.3495E+D7 5.621qE-O? ?.5q71E-01 1.7245E+01 702894E+01
9.349~E+07 5.~?lOE-O? ?.5Q77E-01 1.7245E+ol 7.6765E+01
9.351OE+O7 5.4221F-O? 2.5~73E-01 1.7245E+01 8.3893E+01
9.3528E+07 5.4??3E-O? ?. =974E-ol 1.7243E+01 8.6257E+01
9.3564E+07 5.6?~7C-’l? 7.5!377C-131 1.7236E+01 7.7690E+ol
9.3672E+07 5.6?34E-O? ?.5QR3E-01 1.7216E+01 507538E+01
9.3952E+07 5.%745c-n7 ?.5qQ~E-91 1.7201E+01 5.4409E+01
9.4212E+07 5.6265E-02 7.5Q09E-01 1.7193E+01 5.5051E+01
9.5292E+07 5.63145-0? ?.592DF-91 1.721OE+O1 5.5116E+01
9.70Q2E+07 5.6167C-13? ?.5Q49F-01 1.7247E+01 504794E+01
1.0069E+08 5.54??~-O? ?.5Q59F-91 1.7?92E+01 504348E+01
1.1149E+09 505~94E-02 ?.5Q67E-01 X.7257E+01 503953E+01
1.25C3E+Og 5.%73~E-C? 2.5Q~~F-01 107162E+O1 5.3691E+01
1.2~4~E+08 50676?F-02 ?.5941E-01 1.7129E+Ol 5.3529F+01
1.6549E+09 5.5~~5E-O? ?.5970E-01 1.%q96E+21 5.3037E+!31
2.7349E+08 5.4Q7?E-O? ?.54q7E-91 106468E+O1 502119E+01
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TA9LF ?-LV

THI-2 IF OPERATED 26K HQs aT 277?. MU CnNTo CINDER-IO(LASL)8179

SIJHM4RY 13F OI?f19LE~ DUTPUT

EL4PSE0 COgLING
TS TIflE (S) TI~E (S) TITAL NIJC Prss DENS ACTIVITY POUER

L 4.Z4?6ZE+06 O. 7.25575E+t32 3.4?945E+02 4.74255E+20 2.77200E+09
2 9.49924E+06 O. 1.44979F+03 7.24666E+02 4.81J327E+20 2.77200E+09
3 1.274B’?E+07 O. ?.16761F+03 1.99461E+03 40811O5E+2O 2.77200E+09
4 1.69995E+07 O. 2.8Q1Q1F+03 1.$4759E+03 4.80203E+20 2.77200E+09
5 2.1Z491E+07 O. 3.69113E+03 1.7?936E+03 4.78181E+20 2.77200E+09
6 2.54977E+07 O. 4.2Q453E+03 ?.15155E+03 4.75314E+20 2.77200E+09
7 2.97473E+07 O. 6.331?4E+03 ~.5f)192E+03 4.71770E+20 2.77200E+09
9 3.39370E+07 O. 506q391~+03 ?.94879E+03 4.67672E+20 Z.77200E+09
9 3.82466E+07 O. 6.36?27E+03 3.13?15E+03 4.63122E+20 2.77200E+09

10 4,024~42E+07 O. 7.n3519F+07 3.53165E+03 4.59214E+20 2.77200E+09

11 4067458E+07 0. 7.49313?+03 3.q5707E+03 4.53039E+20 2.77200E+09
12 5.09354E+97 0. 8.35399E+03 4.lQq27E+03 4.47684E+20 2.77200E+09
13 5052451E+07 O. a,c)Q>03E+03 4.5?519E+03 4.42234E+20 2.77200E+09

14 5.94947E+07 O. 9.4?477E+!33 4.J34780E+03 4.36766E+20 2.77200E+09
15 6.37443E+07 O. 1.’)751IE+o4 5.l%515E+03 4.31351E+20 2.77200E+09

16 5079939E+07 O. 1.0q7q?E+04 5.4R932E+03 4.26050E+20 2.77?OOE+09

17 7.22435E+37 O. 1.14q63E+96 5.7Q’345E+03 4.20916E+20 2.77200E+09
18 7.6~972E+07 O. 1.9n957F+9G 5.99h69E+03 4.15991E+20 2.77200E+09
19 8.07429Et07 O. 1.2474*F+04 6.3Q924E+03 4.11309E+20 2.77200E+09
20 8.49924E+07 O. 1.325C)OE+04 6049Q29E+03 4.06895E+?J0 2.77?OOE+09
21 8.92420E+07 O. 1.3~357E+04 5.99406E+03 4.02764E+20 2.77200E+09
22 9.34916E+07 C). ~.44745F+04 7.?9678E+03 3.98926E+20 2.77200E+09

23 9.34915E+07 1.090’31YE+0’Y 1.4~745F+9G 7.?q6713E+03 3.0344@E+?0 0.
24 9034916E+07 4.000fI~E+09 1.44045E+04 7.?8578E+03 3.61232E+20 0.
25 9.34917E+!)7 1.000Q3E+’21 1.~~?45E+9~ 7.?QS78E+03 3.38753E+20 0.
26 9.34917E+07 4.00090E+01 1.4~745E+C)4 7029478E+03 2.95022E+20 0.
27 9.34917E+07 loOOOflOc+n? 1.44945F+04 7.7q678E+03 2063663E+20 0.
29 9.3$920E+07 4.00099E+D7 1.64345E+04 7.2q678E+03 2.194?14E+20 O.
29 4.34?25E+07 1.090?0?+0? 1.4~?45E+!14 7.9q578E+03 1.91487E+20 O.
30 9.34952E+07 3.6000nE+03 1.44045E+04 7.28678E+03 1.5231OE+2O 0.
31 9.349@9E+07 7.200!19F+Q3 1.44945c+f)4 7.2q678E+03 1.36000E+20 O.
32 9.35095E+07 1.850!)9F+94 1.44345E+04 7.2q478E+03 1.17958E+20 0,
33 9.35276E+07 3.6000?F+04 1.44345?+04 7.?q678E+03 1.04429E+20 O.
34 9.35635E+07 7.?!OOnnF+n4 1.44945F+?4 T.7qA78E+03 9.03368E+19 O.
35 9036715E+07 1.8GOOOE+05 1.44945F+04 7.??4713E+03 7.24149E+19 O.
36 9.38515E+07 3.60009?+95 1.44145E+04 7.?q678E+03 6.03494E+19 O.
37 9.4Z115E+07 7.20009Ew35 1.44344E+04 7.?a%79E+03 4.92032E+19 O.
38 9.52916E+07 1.80099F+96 1.44544Fw34 7.2q578E+03 3.59195E+19 O.
39 9.70916Et07 3.60’)53F+~5 1.46347E+04 7.?P578E+03 2.69iJ32E+19 O.
40 1.006QZE+9R 7.200nn=+04 1.~4!)40F+06 7.?q%78E+03 1.87185E+19 O.
41 1011492E+O8 1.90090E+I17 1.44933C+04 7.?9478E+03 9.94017E+18 O.
42 1.25029E+O@ 3.15360F+97 1.44326E+04 T.2q478E+03 6.47132E+18 O.
43 1.29492E+99 3.60039?+97 1.447?3f=+134 7.?947PE+03 5.83253E+19 O.
44 1065492E+98 7.20QO~c+9y 1.649a5E+04 7.?qb79E+03 3.12381E+18 0,
45 2.73492E+OP 1.9009’)E+OQ 1.43343!+94 7.7q478E+03 1.29457E+18 O.
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TA9LF C-LV[

T41-2 IF 9PERATED 26K ~0~ AT 777?. WU ~~NTa cINDER-lo(LAsL)8/79

TS

1 o*
2 0.
3 0.
4 0.
5 0.
6 0.
7 0.
8 0.
9 0.

10 00
11 00
12 o*
13 0.
14 o*
15 09
16 0.
17 0.
18 0.
19 o*
20 0.
21 09
22 0.

C02L?NG
TIHE (S) TOTAL DFNS A:TIVTTY ~ETA HEv/F GAMHA NEVIF ToTAL MEv/F

7.25675?+0? 4.74?55F+?I) 5.33997E+O0 6.0$754E+O0 1.23875E+01
1.44970~+O? f+.q03?7F+?9 4.?Q382E+O0 6.00736E+O0 1.23012E+01
2.16761E+133 4.ql105E+22 5.24641E+O0 5.96067E+o0 1.22071E+01
2.881~lF+O? 4.130?03E+73 50?5564E+O0 5.91871E+O0 1.21244E+01
3.5~ll?E+93 4.791~lE+29 %.17077E+O0 5.88137E+O0 1.20518E+01
4.29453E+03 4.T531~c+213 5014082E+O0 5.84718E+O0 1.19880E+01
4.99134F+9a 4.71770C+?0 6.11490E+O0 5081660E+O0 1.19315E+01
5.58091E+I)3 4.67572F+?!) 5oO~225E+O0 5.78899E+O0 1.19811E+01
6.34227C+!)7 4.53127E+?!3 5.07727E+O0 5076345E+O0 1.19359E+01
7.0351ac+53 4.5Q?14E+?f) 4.05443E+O0 5.74051E+O0 1.17Q49E+01
7.6991aF+93 6.53??OE+20 $.9’3931E+o0 5.71914E+Oo 1.17574E+ol
8.35389E+93 4.47584F+?9 4.0?359E+O0 5.69926E+O0 1.17229E+01
@.99903F+f33 4.4??34E+?!J 5.O1OOOE+OO 5.68065E+O0 1.16906E+01
9.63477E+O? 4.357b6E+?9 5.99731E+O0 5.66311E+O0 1.16604E+01
1002611F+O4 4.31351E+20 5.9R536E+o0 5.64649E+oo 1.16319E+ol
1.037q?F+~4 4.76?513E+70 5.97403E+O0 5.63068E+O0 1.16047E+01
1014a53F+04 4.?O~16E+2!J 50953ZOE+O0 5.61558E+O0 1.15788E+01
1,2085TE+04 401~991E+?0 5.Q5?’82E+O0 5060114E+O0 1.15540E+01
1.247~~E+04 4.113C)9E+79 5.94283E+O0 5.58732E+O0 1.15301E+01
1.3Z40nE+04 4.f)4q~5E+25 5.93320E+O0 5.57407E+O0 1015073E+o1
1.39357C+04 4.02754E+?3 5.9?391E+O0 5.56140E+O0 1014953E+O1
1.44045E+d4 ?.QQ??%F+?O 5e91497EtO0 5.54930E+O0 1.14643E+01

23 1.0000OE+OO 1.44045E+94 3.q~$49E~?0 5.43328E+O0 5.18148E+O0 lei614iE+Oi
24 4.0000OE+OO 1.4kOf05c+94 3.519?7~+9tl 4.87381E+O0 4.73Z08E+O0 9.55589E+O0
25 1.0000OE+O1 1.44045!+04 3.3qT53F+?9 4.?4569E+O0 4.32948E+O0 8.59516E+O0
26 4.0000OE+O1 1.44045F+f)4 7.Q59?7E+29 3.?I)?06E+O0 3.57894E+O0 6.89089E+O0
27 L.00300E+OZ 1.44045E+13~ ?.6’i543F+?’3 ?.57754E+O0 3.03673E+O0 5.714Z7E+O0
28 4.0000OE+CIZ 1.44045F+04 2.1Q494C+?0 1.Q1025E+OO Z.34765E+O0 4.25790E+O0
29 1.0GOOOE+03 1.44065E+a4 1.914?7F+20 1.509Z8E+O0 1.94046E+f10 3.45074E+O0
30 3.60000E+03 1.440~5E+O~ 1.5??1OF+?O 1.00q74E+O0 1.36Z56E+O0 2.37130E+O0
31 7.20000E+03 1.44045E+C)4 1.35290F+?9 9.?7019E-01 1.07844E+O0 1.90546E+O0
32 1.80000E+04 1.44045E+94 1.17?99F+?’I %.45973E-01 8.12071E-01 1.45914E+O0
33 3.6i3200E+04 1.4404’E+C14 10’)442QF+2O 5.?57Z8E-01 6.915Z1E-01 1.29725E+O0
34 7.29000E+04 1.$4045E+94 9.0336qE+19 4.?1101E-O1 5.74940E-01 9095941E-01
35 1.dO!300E+05 1.44045C+04 7.541.4QC+19 3.71794E-01 4.53Z79E-01 7075073E-01
36 306000C)E+05 1044045C+O4 b.9?$Q4F+l~ 2.59Q63E-ol 3.71922E-01 6.418d5E-ol
37 7.20000E+05 1.44044E+04 4.9223?E+19 ?.27463E-01 2.91199E-01 5.19561E-01
38 1.90000E+!16 1.44944F+04 1.5~lQ5C+lQ 1.75929E-01 1.89930E-01 3.44958E-OL
39 3.60000E+06 1.4%04?F+04 2.6933?E+19 I.4031OE-O1 102461OE-O1 2064919E-01
40 7.ZOOOOE+96 1.4434~E+04 1.97195E+19 1.!39394E-01 7.73990E-OZ 1096783E-O1
41 1.90000E+07 1.440?~F+54 Q.94’317E+1? 7.IR403E-02 3.31937E-02 1.05034E-01
42 3.15360E+97 1.440~5F+n4 5.47139E+19 4.Q7696E-O? 1.85068E-02 6.82754E-02
43 3.60DOOE+07 1.44073?+04 5.93~53E+lq 4.47003E-02 1.65493E-O? 6.12486E-OZ
44 7.2000CE+07 1.44005C~’14 3.1?3Qlc+lq ?.97745E-02 1.03752E-O? 3.11908E-02
45 1.80000E+08 1.43Q6?~*04 1.20457E+lq 5.5??77E-03 4.92045E-03 1.04432E-02
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T49LE c-LvI[

T141-2 IF g~ERATED 25K HOS AT ?77?. ~w CW4T. CINDER-10(LASL)8I79

NUCLIL)E VALUES

BETA GAMMA TOTAL

1 0. 1.5957C-01 10445E-O? 1.93?F-01 1.9729E-01 2.4428E-01 2.2023E-01
2 0. 1.5773F-’)1 9.71?E-93 1.q65E-01 10923OE-O1 2.3977E-01 Z.154SE-01
3 0. 105717F-0~ H.701C-03 1.9?1E-!I1 1.8834E-01 2.3646E-01 2.1184E-01
6 0. 1.5691E-01 7.4QnF-03 1.79QE-01 1.8507E-01 2.3384E-01 2.0888E-01
5 0. 105675C+31 7.~a7E-03 1.~53F-f)l 1.8227E-01 2.3166E-01 2.0637E-01
6 0. 105656C-91 6.835F-03 1.74?E-01 1.7978E-01 2.2979E-01 200417E-01
7 0. 1.5657E-01 6.666E-03 1.771E-91 1.7753E-01 2.2813E-01 2.0220E-01
8 3. 1.5550E-al 5.547~-0~ 107O5F-I31 107545E-O1 202662E-01 200038E-01
9 0. 1.5643E-01 6.461E-03 1.6Q1E-!31 1.7350E-01 2.2521E-01 1.9868E-01

10 0. 1.5437F-131 5.?09F-O? I0674E-91 1.7166E-01 202388E-01 1.9707E-01
11 o* 1.5630$-91 6035’IC-03 1.56?E-01 1069B8E-O1 2.2241E-01 1.9553E-01
12 0. 1.5624F-01 60314E-03 10649E-OI 1.6818E-01 2.2137E-01 X.9404E-01
13 0. 1.5617E-91 50?Q4E-~3 1.63%F-01 1.6651E-01 2.2017E-01 1.9259E-01
14 09 1.5513E-91 40?5~F-03 I04?4E-01 1.6490E-01 2.1899E-01 109117E-O1
15 0. 105603E-nl 5.259E-03 10612C-OI 1.6331E-01 201783E-01 108978E-01
16 0. 1.5596=-01 6.23qF-03 1.600E-01 106175E-O1 201669E-01 1.8841E-01
17 0. lo5589F-’ll 6.230F-O? 1.5Q9E-91 1.6023E-01 2.1556E-01 1.8706E-01
18 0. 1.55B1C-01 6.??4E-O? 1.577E-01 1.5873E-01 2.1444E-01 108574E-O1
19 !). 1.5574E-I’)1 5.??9E-03 1.564E-01 1.5726E-01 2.1334E-01 1.8443E-01
20 00 105567E-O1 6.?14E-!13 ~0555E-01 1.5581E-01 2.1225E-01 1.8315E-01
21 0. 1.5560F-’II ~.~lqE-01 1.545F-01 1.5440E-01 201118E-01 1.8190E-01
22 0. 1.5553E-01 5.21$?E-03 1.535E-91 1.5303E-01 2.1013E-OL 1.8067E-01
23 1.0000E+OO 1.5553E-01 5.?lqE-03 1.540E-01 1.5640E-01 2.1524E-01 1.8512E-01
24 4.0300E+O0 1.5553C-131 6.?13E-03 1.563E-131 105816E-O1 201980E-01 1.8869E-01
25 1.0000E+O1 1.5553F-91 5.21qE-03 1.57qF-01 1.5907E-ol 2.2352E-ol 1.9153E-ol
26 4.0090E+91 1.5553C-IY1 $.?lq~-c33 le5q!3F-~1 1.5591E-01 20289?E-01 1.9345E-01
27 1000OOE+!)? 1.5553E-01 6.?lqC-03 1.5q4E-01 1.4638E-01 203381E-01 109284E-O1
28 4.0000E+O? 1.5553F-51 5.?lqF-93 1.50’IE-91 1.3163E-01 2.5309E-01 1.9859E-01
29 1.0000E+03 1.5553S-91 4021@F-03 1.654E-01 1.3073E-01 207646E-01 2.1328E-01
30 3.6000E+03 1.5553F-~1 4.716E-f)3 1.I?9?E-!)l 1.4988E-01 3.2558E-01 2.5084E-01
31 7.2000E+03 1.5553F-01 5.213F-03 1.913E-01 105O74E-OI 3.3591E-01 205554E-01
32 10909OE+O4 1.5552E-’I1 ~0~’3~E-!)3 1.745F-91 1.4250E-01 3011O6E-OI 2.3637E-01
33 3.60COE+04 1.5552F-91 4.1Q5F-03 1.739F-01 104462E-O1 2.9165E-01 2.2762E-01
34 702000E+04 1.5551E-01 6.175E-03 1.50QE-01 1.4020E-01 2.6523E-01 201236E-01
35 1.8090E+95 1.5550C-91 6.1?7E-O? 1.351E-01 1.0951E-01 2.1712E-01 1.7244E-OL
36 3.5000E+05 1.554gE-31 4.’355E-O3 1.119E-01 7.9514E-OZ 1.6557E-01 1.2938E-01
37 7.20130E+95 1.5544F-’ll 5.Q5QC-9? 7.7-4E-99 4.6985E-02 9.6810E-02 7.4959E-02
38 1.9000E+06 1.5540F-01 50Q?QF-O? Z.41?E-O? 1.1760E-02 2.1623E-02 106867E-02
39 3.6000E+06 1.5540F-01 5.q09=-O? 4.5*7E-03 2.2911E-03 3.4794E-03 2.8496E-03
40 7.2000E+06 1.554ZF-’31 5,al?E-03 1.574F-03 9.5131E-04 1.5944E-04 6.2276E-04
41 1.8090E+07 1.5563~-’ll S.S9?E-03 ?.575E-133 1.3467E-03 2.5954E-05 9.2933E-04
42 3.1536E+07 1.5542E-91 5.779E-03 3.’?Q7E-O3 1.8909E-03 4.5253E-05 1.3906E-03
43 3.50(15E+07 1.5541F-91 5.7TOF-’)3 4.305F-93 200861E-03 5.014QE-05 1.5360E-03
44 7.2090E+07 1.5537F-01 ~.709F-03 7.52?F-93 4.1798E-03 7.4298E-05 2.8101E-O3
45 1.8000E+08 1.5526E-01 5.551F-O? 1.474E-’)7 1.2574E-02 1.2550E-04 6.7088E-03



TAf3LE C-LVIII

TMI-2 IF OPEQATED Z51( ~Q? 41 ?777. Uw C9NT. cINoER-lo(LAsL )8t79

$u~qAQY CIF DQIY9LE* OUTPUT

NOqLE GtS FQ4CT!’3YS OF TOTAL NUCL19E VALUES

1 0. 1.50+2?-01 4.p55F-03 9.9775-!)? 9.6i122E-02 9.2859E-02 9.4887E-02
2 0. 1.5042E-~1 ~.057C-03 9.474?-9? 9.4276E-02 8.9Q93E-02 9.2180E-02
3 0. 1.5035E-01 3.0q2E-03 9.l~QF-07 9.2253E-02 8.7744E-02 9.0052E-02
4 0. 1.50?6C-01 70691E-53 3.9Q1E-O? 900531E-02 8.5912E-02 B.8302E-02
5 09 1.5017E-01 ?.2q?E-03 ~09?3E-02 8.9141E-02 8.4357E-O? 8.6806E-02
6 0. 1.5007F-91 ?.OqqE-03 ~.4q9E-il? 8.7863E-02 8.2994E-02 8.5493E-02
7 0. 1.4994E-01 1.034E-03 90555F-132 806704E-02 801771E-02 8.4299E-02
8 0. 1.4996E-01 1.914E-93 9.441E-O? 8.5632E-02 8.0649E-02 803204E-02
9 0. 1.4975F-01 1.71qF-03 !303?5C-02 8.4627E-02 7.9599E-02 8.2178E-02

10 00 1.4964E-01 lo6~7E-03 9.?37E-02 803672E-02 7.8606E-02 8.1206E-02
11 0. 1.4953E-01 1.54gF-133 9.14?F-n2 802757E-02 707654E-02 8.0275E-02
12 0. 1.4942E-01 le~lOF-O? 8.’35?E-’3? 8.1873E-02 7.6733E-02 7.9374E-02
13 o* 1.4930F-01 1.453E-03 70964F-f)? 8.1014E-O2 705837E-02 7.8499E-02
14 09 1.4919E-01 1.4L3e-03 7.879E-132 8.0176E-02 7.4960E-02 7.7643E-02
15 0. 1.4907E-01 1.371E-01 7.797E-92 709355E-02 704099E-02 7.6803E-02
16 0. 1.4896E-01 1.334E-03 7.714E-02 7.8549E-02 703249E-02 7.5977E-02
17 0. 1.4845E-01 1.?00=-03 7.6?TE-52 7.7758E-02 7.2411E-02 7.5165E-02
18 3. 1.4873E-91 1.76~E-03 7.56’YF-9? 7.6980E-02 701585E-02 704365E-02
19 0. 1..494?C-91 1.?405-03 7.495E-9? 7.6217E-02 7.0772E-02 7.3578E-02
20 09 1.4851E-01 1.214E-O? 7.411E-O? 705469E-02 6.9971E-!)2 702806E-02
21 o* 1.4840F-nl 1.1S9E-9? 7.349C-02 704737E-02 6.q195E-02 7.2049E-02
22 0. 1.4830E-01 1.165C-O? 7.?70E-O? 7.4023E-02 6.8414E-02 7.1308E-02
23 1.0000E+OO 1.4330E-01 1.155C-03 T.?qQE-9? 7.5448E-02 6.!1526E-02 7.2069E-02
24 4.0950E+O0 1.4830F-01 10155F-!)3 7.2q3F-’32 7.6268E-02 6.8209E-02 7.2277E-02
25 1.0020E+01 1.4930F-01 1.145E-03 7.317E-02 7.7323E-02 608201E-02 7.2729E-02
26 4.0000E+O1 1.4g30e-01 1.165F-03 7.?94E-02”7.6312E-02 6.5819E-02 7.0855E-02
27 1.0000E+02 1.4830E-01 1.155~-03 709136-0? 7.1783E-02 6.2979E-02 6.7104E-O2
28 4.0000E+02 1.~930E-01 1.165’-93 50404’-0? 5.4051E-02 5.7636E-02 5.6028E-02
29 1.0000E+03 1.4330E-01 1.155F-03 5.’351F-!)? 3.7697E-02 5.l160E-02 4.5324E-02
30 306000E+03 1.4830E-!31 Io155E-03 6.1?4E-’3? 3.0395E-02 4.5702E-02 3.9191E-02
31 7.2000E+03 1.4a30F-01 1.165E-n? ~.3~’E-97 2.8930E-02 404957E-02 3.7941E-02
32 1.8000E+04 1.4931F-01 10145E-O3 6.704E-02 2.7971E-02 3.7335E-02 3.3186E-02
33 3.5000E+04 1.4831E-01 1.144E-C)3 6.?41F-9? 3.0150E-02 2.7847E-02 2oa850E-02
34 7,2000E+04 1.4832E-91 1.15QS-03 4.Q56E-’)? 3.Q692E-02 2.1097E-O2 2.511OE-O2
35 109OOOE+O5 1.41333E-01 1.13?E-03 4.367C-97 2.2600E-02 1.4070E-02 1.7611E-02
35 3.6000E+25 1.4833E-01 1oO9I3E-93 ~.7?5C-O? I09640E-02 1.1530E-02 1.4521E-02
37 7.2000E+05 1.4933F-01 1.0?4F-!)3 4.119E-O? 1.3135E-02 8.3697E-03 1oO481E-O2
38 108OOOE+O6 1.4832E-al 9.599?-94 1.171C-9? 3.801aE-03 2.5?49E-03 3.1406E-03
39 3.6000E+06 1.4933F-01 q.394C-~4 ?.055E-’33 9.7492E-04 3.0501E-04 6.59a2E-04
40 7.2000E+96 1.4933F-’?1 ‘?.29?C-04 1.%75F-03 9.0570E-J4 2.3179E-05 5.4000E-04
41 1.8000E+07 1.4!332F-01 9.II?OF-04 2.4755-93 1.3467E-03 ?.5955E-05 9.2932E-04
42 3.1535E+07 1.4830!-91 Q.776C-04 3.QQ75-Q3 1.8909E-03 4.5250E-05 1.3906E-03
43 3.6000E+07 1.4a29E-!)l 9.694E-CJ4 4.395E-03 2.0861E-03 5.0145E-05 1.5360E-03
44 7.2399E+07- 1.4!125C-01 9.~7Q5--O4 7.6??E-93-4.1?99E-03 7..42qZE-O5 2.8101E-O3
45 1.a300E+08 1.6!313F-I’)1 40477E-04 1.474E-02 1.2574E-02 1.2559E-04 5.7088E-03
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APPENDIX D

TMI-2 FUEL DECAY POWER

In order to demonstrate the variation of

SURVEY

decay power with irradiation

and cooling times, a series of calculations have been performed to trace

decay power of 2.96% enriched fuel over the cooling period 1 s : t~10 s
13

following irradiation for periods in the range 1 s < T < 3 years at a p-bwer

density of 33.8 kW/kg. The fuel specifications and power density are equiv-

alent to those used in TMI-2 equilibrium core calculations described in Sec.

VII B. of the text. The results of these calculations are given in Tables

D-I through D-XI, which list actinide, fission-product and total decay power

at 27 cooling times for each of the eleven irradiation cases. The total

decay power values were summarized in Table VIII and Fig. 5 of the text. All

decay power values are normalized to core power prior to shutdown. As in

previous calculations, the EPRI-CINDER code was used to calculate actinide

decay power values at all cooling times using exposure-dependent actinide

cross sections and group flux ratios calculated with EPRI-CELL. The fission-

product decay power values at cooling times t ~ 105 s were also calculated

with this code.

Because of the absence of short-lived nuclides in the EPRI-CINDER fis-

sion-product library, decay power from fission products at short cooling

times may be accurately calculated only with CINDER-10 or DKPOWR, which

employs the pulse functions of ANS 5.1 STANDARD. The nuclide fission history

of each EPRI-CTNDER calculation was used in a companion DKPOWR calculation

of fission-product decay power at cooling times t < 4 x 104 s. As previously

described, the result of neutron absorption by fission-product nuclides

during irradiation is a net increase in fission-product decay power. This

increase is small at short cooling times for all realistic fuel irradiation

histories; the effect is negligible if irradiation and coollng times are both

brief. ANS 5.1 Standard offers an upper-bound absorption correction Gmax,

described in Appendix A, which may be used to account for the absorption

effect in the absence of a specific, documented treatment. In the range of

cooling times 1 s < t < 4 x 104 s, G monotonically increases fission-
max

product decay power by 2% at t = 1 s to 9.8% at t = 4 x 104 se Fission-

product decay power values from DKPOWR tabulated

T <1 week neglect the absorption effect; values
..

here for irradiation times

tabulated for T Z1 month
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include the Gmax absorption correction for cooling times t ~ 4 x 104 s. The

absorption effect is, of course, included in all fission-product decay power

values from EPRI-CTNDER for cooling times t 2 105 s.

Examination of the data of Tables D-I through D-XI, as well as the

summary data of Table VTII and Fig. 5 of the text, lead to several observa-

tions.

~otal decay power diminishes rapidly following brief irradiation periods

due to the absence of a substantial inventory of long-lived fission-product

and actinide nuclides produced in the fuel. Conversely, total decay power

decreases more slowly with cooling time for longer irradiations because of

the buildup of long-lived nuclides. The fractional contribution of actinide

nuclides to the total decay power immediately following shutdown increases

with irradiation time. For shorter irradiation times this may be viewed in

terms of the rapid saturation of some short-lived fission products relative
to 239U ad 239

Np, which strongly dominate actinide decay power during the

first few days of cooling. Actinide decay power following very long irradia-

tions contributes a greater fraction of the total decay power due to a num-

ber of factors. Fission-products are produced at a rate proportional to the

fission rate; actinide nuclides are produced at a rate approximately pro-

portional to the flux level, though diminished by actinide cross-section

self-shielding as inventories increase. During these constant-power cal-

culations the flux level Increases due to depletion and reduced macroscopic

fission cross section. The fission rate, however, slowly decreases due to
239

the growing fission contributions of Pu and
24
$ u, which yield slightly

larger amounts of recoverable energy per fission (Q). Q vazues fora vafi-

ety of ft%s40nabZe nuoZMke and k&lent neutronenerg{es,incZuding“the

appropAzte LWR vaZuesusedin EPRT-CINDER,are ZLsted%n TabZeD-XII. Also,
239

the fission products of Pu following extended irradiation yield consider-

ably lower decay power at small cooling times, as described in Appendix A.

Of the 11 irradiation cases calculated, the l-month irradiation results

in the highest total decay power at cooling times t S60 s. It is interest-

ing to note from the tabulated data that actinide decay power at any cooling

time increases with irradiation time (or exposure). It is the fission-

product contribution to decay power that is responsible for the elevated

heating rate at these cooling times. The description of nuclide fission

rates as functions of irradiation time T could be used with the functional

178



heating rates F(t,T), defined by Eq. (2) and Appendix A, to determine the

irradiation time T for which the fission-product decay power is a maximum.

Such an exercise has not been conducted here.

Total decay power at very long cooling times is dominated by actinide

nuclides in all cases. The general relationship between actinide and fission-

product contributions to decay power is examined for several LWR systems in

Appendix E.

TA8LE D-I

TMI-2 FUEL DECAY POWER SURVEY

DECAYPOWER FRACTIONOF OPERATIONALPOWER FOLLOWING
SUSTAINEDPOWER AT 33.8kW/kg FOR 1 SECOND

Fractionof OperationalPower

cooling

M!?_%@.

l.ooto
4.00+0
1,00+1
4•00+1

1•00+2
4.00+2
1.00+3
4.00+3

1.00+4
4.001-4
1.00+5
4.00+5

1.00+6
4.00+6
1.00+7
4.00+7

1.00+8
4.00+8
1.00+9
4,O(H-9

1.OWIO
4.00+10
1.00+11
4.00+11

1.0W12
4.00+12
1.00+13

Actinides—.—-—.

6.365-07
6.356-I37
6.337-07
6.245-07

6.065-07
5.242-07
3.918-07
9.412-08

1.036-08
5.357-09
4.714-09
2.898-09

2.009-09
1.876-09
1.876-09
1.876-09

1.876-09
1.876-09
1.875-09
1.875-09

1.874-09
1.870-09
1.862-09
1.829-09

1.740-09
1.399-09
9.400-10

Fission
Products

3.176-03
1.569-03
7.195-04
1.750-04

6.415-05
1.176-05
4.711-06
9.716-07

2.887-07
4.563-08
1.188-08
1.928-09

7.831-10
1.545-10
4.807-11
5.149-12

1.166-12
3.238-13
2.025-13
2.076-14

2.347-16
1.973-18
1.943-18
1.840-18

1.652-18
1.009-18
4.918-19

Totai

3*177-03
1.570-03
7.201-04
1.756-04

6.476-05
1.228-05
5.103-06
1.066-06

2.991-07
5.099-08
1.660-08
4.826-09

2.792-09
2.030-09
1.924-09
1.881-09

1.877-09
1.876-09
1.876-09
1.875-09

1.874-09
1.870-09
1.862-09
1.820-09

1.740-09
1.399-09
9.400-10
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TABLE D-II

TMI-2 FUEL DECAY POWER SURVEY

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING
SUSTAINED POWER AT 33.8 kW/kg FOR 10 SECONDS

Fraction of Operational Power

Cooling

m

1.00+0
4.00+0
1.00+1
4•00+1

1.00+2
4.00+2
1.00+3
4.00+3

1.00+4
4.00+4
1.00+5
4.00+5

1.00+6
4.00+6
1.00+7
4.00+7

1.00+8
4.00+8
1.00+9
4.00+9

1.00+10
4.00+10
1.00+11
4•00+11

1.00+12
4.00+12
1.00+13

Actinides

6.334-06
6.325-06
6.306-06
6.215-06

6.035-06
5.213-06
3.892-06
9.224-07

8.657-08
3.669-08
3.026-08
1.210-08

3.209-09
1.876-09
1.876-09
1.876-09

1.876-09
1.876-09
1.876-09
1.875-09

1.874-09
1.870-09
1.862-09
1.820-09

1.740-09
1.399-09
9.400-10

Fission
Products

1.493-02
9.239-03
5.187-03
1.576-03

6.090-04
1.162-04
4.690-05
9.702-06

2.885-06
4.563-07
1.188-07
1.928-08

7.831-09
1.545-09
4.807-10
5.149-11

1.166-11
3.238-12
2.025-12
2.076-13

2.347-15
1.973-17
1.943-17
1.840-17

1.652-17
1.009-17
4.918-18

Total

1.493-02
9.245-03
5.193-03
1.583-03

6.150-04
1.214-04
5.079-05
1.062-05

2.972-06
4.930-07
1.491-07
3.137-08

1.104-08
3.421-09
2.356-09
1.927-09

1.887-09
1.879-09
1.878-09
1.875-09

1.874-09
1.870-09
1.862-09
1.820-09

1.740-09
1.399-09
9.400-10
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TAELE D-III

TMI-2 FUEL DECAY POWER SURVEY

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING
SUSTAINED POWER AT 33.8 kW/kg FOR 100 SECONDS

Fraction of Operational Power

Cooling

Hl!E@

1.00+0
4.00+0
1.00+1
4.00+1

1.00+2
4.00+2
1,00+3
4.00+3

1.00+4
4.00t4
1.00+5
4.00+5

1.00+6
4.00+6
1.00+7
4.00+7

1.00+8
4.00t8
1.00+9
4.00+9

1.00+10
4.00+10
1.00+11
4•00+11

1.00+12
4.00+12
1.00+13

Actintdes

6.195-05
6.186-05
6.168-05
6.078-05

5.903-05
5.099-05
3.807-05
9.015-06

8.388-07
3.500-07
2.857-07
1.041-07

1.520-08
1.881-09
1.877-09
1.877-09

1.877-09
1.877-09
1.877-09
1.876-09

1.876-09
1.871-09
1.863-09
1.821-09

1.741-09
1.399-09
9.401-10

Fission
Products

3.074-02
2.342-02
1.708-02
8.386-03

4.130-03
1.044-03
40493-04
9.560-05

2.868-05
4.556-06
1.188-06
1.927-07

7.831-08
1.545-08
4.806-09
5.149-10

1.166-10
3.238-H
2.025-11
2.076-12

2.347-14
1.973-16
1.943-16
1.840-16

1.652-16
1.009-16
4.918-17

Total

3.080-02
2.348-02
1.714-02
8.447-03

4.189-03
1.095-03
4.873-04
1.046-04

2.952-05
4.906-06
1.473-06
2.968-07

9.351-08
1.733-08
6.683-09
2.392-09

1.994-09
1.909-09
1.897-09
1.878-09

1.876-09
1.871-09
1.863-09
1.821-09

1.741-09
1.399-09
9.401-10
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TAELE D-IV

TMI-2 FUEL DECAY POWER SURVEY

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING
SUSTAINED POWER AT 33.8 kW/kg FOR 1000 SECONDS

Fraction of Operational Power

Cooling

Z&E@

1.OCH-O
4.00+0
1.00+1
4.00+1

1.00+2
4.00+2
1,oot3
4.00+3

1.00+4
4.00+4
1.00+5
4.00t5

1.00+6
4.00+6
1.00+7
4.00+7

1.00t8
4.OCH-8
1.00t9
4.00+9

l.oOtlo
4.00+10
1.00+11
4.00+11

1.00t12
4.oot12
1.00+13

Actinides

5.023-04
5.016-04
5.001-04
4.928-04

4.786-04
4.135-04
3.089-04
7.371-05

7.505-06
3.478-06
2.835-06
1.022-06

1.349-07
1.932-09
1.889-09
1.889-09

1.889-09
1.889-09
1.889-09
1.888-09

1.887-09
1.883-09
1.874-09
1.829-09

1.745-09
1.400-09
9.401-10

Fission
Products

4.258-02
3.509-02
2.841-02
1.838-02

1.235-02
5.877-03
3.242-03
8.361-04

2.710-04
4.490-05
1.181-05
1.925-06

7.827-07
1.545-07
4.806-08
5.149-09

1.166-09
3.238-10
2.025-10
2.076-11

2.347-13
1.973-15
1.943-15
1.839-15

1.652-15
1.009-15
4.915-16

.

Total

4.308-02
3.559-02
2.891-02
1.887-02

1.283-02
6.290-03
3.551-03
9.098-04

2.785-04
4.838-05
1.464-05
2.948-06

9.177-07
1.564-07
4.995-08
7.038-09

3.055-09
2.213-09
1.840-09
1.909-09

1.888-09
1.883-09
1.874-09
1.829-09

1.745-09
1.400-09
9.401-10
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TABLE D-V

T’MI-2FUEL DECAY POWER SURVEY

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING
SUSTAINED POWER AT 33.8 kW/kg FOR 1 HOUR

Fraction of O~erational Power

Cooling

Z&?lS@l

l.OO+O
4.00+0
1.00+1
4.00+1

1.00+2
4.00+2
1,00+3
4.00+3

1.00+4
4.00+4
1.00+5
4.00+5

1.00+6
4.00+6
1.00+7
4.00+7

1.00+8
4.00E8
1.00+9
4.OCH-9

1.00+10
4.00+10
1•00+11
4.00+11

1.00+12
4•00+12
1.00+13

Actinides

1.078-03
1.077-03
1.074-03
1.059-03

1.028-03
8.892-04
6,657-04
1.632-04

2.161-05
1.246-05
1.016-05
3.660-06

4.788-07
2.077-09
1.924-09
1.923-09

1.923-09
1.923-09
1.923-09
1.923-09

1.922-09
1.916-09
1.905-09
1.853-09

1.759-09
1.400-09
9.401-10

Fission
Products

4.836-02
4.086-02
3.416-02
2.402-02

1.779-02
1.050-02
6.734-03
2.246-03

8.440-04
1.552-04
4.182-05
6.907-06

2.814-06
5.558-07
1.730-07
1.854-08

4.199-09
1.166-09
7.289-10
7.474-11

8.451-13
7.096-15
6.989-15
6.617-15

5.942-15
3.626-15
1.765-15

Total

4.944-02
4.193-02
3.524-02
2.508-02

1.882-02
1.138-02
7.400-03
2.409-03

8.656-04
1.677-04
5.198-05
1.057-05

3.293-06
5.579-07
1.749-07
2.046-08

6,122-09
3.089-09
2.652-09
1.997-09

1.922-09
1.916-09
1.905-09
1.853-09

1.759-09
1.400-09
9.401-10
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TABLE D-VI

TMI-2 ~L DEMY POWER SURVEY

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING
SUSTAINED POWER AT 33.8 kW/kg FOR 1 DAY

Fraction of Operational Power

Cooling

m

1.00+0
4.00+0
1.00+1
4.00+1

1.oot2
4.00+2
1.00+3
4.00+3

1,00+4
4.00+4
1.00+5
4,00+5

1.OOt6
4.00+6
1.oot7
4.00t7

1.00+8
4.00+8
1.00+9
4.00+9

1•00+10
4.00+10
l.ootll
4.oO1-11

1.00+12
4.00+12
1.00+13

Actinides

1.582-03
1.580-03
1.577-03
1.558-03

1.521-03
1.353-03
1.083-03
4.744-04

2.981-04
2.606-04
2.124-04
7.653-05

9.988-06
6.534-09
3.026-09
3.023-09

3.023-09
3.023-09
3.022-09
3.019-09

3.011-09
2.976-09
2.909-09
2.616-09

2.200-09
1.429-09
9.402-10

Fission
Products

5.622-02
4.872-02
4.202-02
3.186-02

2.557-02
1.797-02
1.369-02
7.534-03

4.546-03
1.698-03
6.550-04
1.504-04

6.477-05
1.315-05
4.129-06
4.439-07

1.006-07
2.796-08
1.748-08
1.793-09

2.026-11
1.626-13
1.600-13
1.511-13

1.350-13
7.962-14
3.538-14

Total

5.780-02
5.030-02
4.360-02
3.341-02

2.709-02
1.932-02
1.477-02
8.008-03

4.844-03
1.958-03
8.675-04
2.269-04

7.476-05
1.315-05
4.132-06
4.469-07

1.037-07
3.099-08
2.051-08
4.811-09

3.032-09
2.977-09
2.909-09
2.616-09

2.200-09
1.429-09
9.402-10
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TABLE D-VII

TMI-2 FUEL DECAY POWER SURVEY

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING
SUSTAINED POWER AT 33.8 kW/kg FOR 1 WEEK

Fraction of Operational Power

Cooling

Z&E&l

1.00+0
4.Owo
1.Ootl
4.00+1

1.00+2
4.00+2
1.00+3
4.oot3

1.00+4
4.00+4
1•00t5
4.00t5

1.00+6
4.00+6
1.00+7
4.00+7

1.00+8
4.00+8
1.00+9
4•00+9

1.00+10
4.00+10
1.00+11
4.00+11

1•oot12
4.00+12
1.00+13

Actinides

2.265-03
2.264-03
2.260-03
2.241-03

2.205-03
2.040-03
1.773-03
1.169-03

9.816-04
8.778-04
7.157-04
2.581-04

3.385-05
2.826-08
9.861-09
9.848-09

9.848-09
9.849-09
9.847-09
9.823-09

9.773-09
9.544-09
9.116-09
7.312-09

4.905-09
1.603-09
9.411-10

Fission
Products

5.804-02
5.055-02
4.386-02
3.370-02

2.742-02
1.982-02
1.553-02
9.330-03

6.266-03
2.721-03
1.718-03
7.156-04

3.653-04
8.472-05
2.804-05
3.076-06

7.020-07
1.956-07
1.223-07
1.254-08

1.414-10
1.104-12
1.086-12
1.023-12

9.101-13
5.215-13
2.123-13

Total

6.031-02
5.282-02
4.612-02
3.594-02

2.962-02
2.186-02
1,730-02
1.050-02

7.248-03
3.599-03
2.434-03
9.737-04

3.992-04
8.475-05
2.805-05
3.085-06

7.119-07
2.054-07
1.321-07
2.236-08

9.915-09
9.545-09
9.117-09
7.313-09

4.906-09
1.603-09
9.413-10
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TAELE D-VIII

TMI-2 FUEL DECAY POWER SURVEY

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING
SUSTAINED POWER AT 33.8 kW/kg FOR 1 MONTH

Fraction of Operational Power

Cooling

~

1.00+0
4.00+0
1.O(n-1
4.00+1

1.00+2
4.00+2
1.00+3
4.00+3

1.00+4
4.00+4
1.00+5
4.00+5

1.00+6
4.00+6
1.00+7
4.00+7

1.O(H-8
4.00+8
1.00+9
4.00+9

1•00+10
4.00+10
1•00+11
4.00+11

1,00+12
4.00+12
1.00+13

Actinides

2.421-03
2.419-03
2.415-03
2.397-03

2.360-03
2.194-03
1.926-03
1.317-03

1.126-03
1.008-03
8.224-04
2.973-04

3.955-05
7.861-08
3.674-08
3.677-08

3.690-08
3,738-08
3.783-08
3.773-08

3.704-08
3.510-08
3.284-08
2.472-08

1.471-08
2.228-09
9.445-1o

Fission
Products

6.016-02
5.261-02
4.587-02
3.553-02

2.916-02
2.151-02
1.718-02
1.093-02

7.364-03
4.621-03
2.742-03
1.531-03

9.379-04
2.824-05
1.080-04
1.276-05

2.990-06
8.348-07
5.215-07
5.346-08

6.001-10
4.856-12
4.781-12
4.503-12

4.000-12
2.275-12
9.045-13

Total

6.258-02
5.503-02
4.829-02
3.793-02

3.152-02
2.370-02
1.911-02
1.225-02

8,490-03
5.630-03
3.564-03
1.828-03

9.774-04
2.825-04
1.080-04
1.280-05

3.027-06
8.722-07
5.593-07
9.120-08

3.764-08
3.510-08
3.285-08
2.473-08

1.472-08
2.230-09
9.454-1o
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TABLE D-IX

TMI-2 FUEL DECAY POWER SURVEY

DECAY POWER FMCTION OF OPERATIONAL POWER FOLLOWING
SUSTAINED POWER AT 33.8 kW/kg FOR 1 YEAR

Fraction of Operational Power

Cooling

m

1.00+0
4.00+0
1.00+1
4.00+1

1.00+2
4.00+2
1.00+3
4.00+3

1.00+4
4•00+4
1•00+5
4•00+5

1.00+6
4.00+6
1.00+7
4.00+7

1.00+8
4.00+8
1.00+9
4.00+9

1.00+10
4.00+10
1.00+11
4.00+11

1.00+12
4•00+12
1.00+13

Actinides

2.660-03
2.658-03
2.654-03
2.634-03

2.594-03
2.413-03
2.122-03
1.460-03

1.252-03
1.122-03
9.171-04
3.382-04

5.113-05
2.708-06
2.046-06
1.019-06

8.070-07
1.127-06
1.452-06
1.468-06

1.147-06
5.232-07
3.299-07
1.986-07

9.629-08
7.210-09
1.077-09

Fission
Products

5.758-02
5.070-02
4.457-02
3.509-02

2.915-02
2.191-02
1.771-02
1.162-02

8.712-03
5.254-03
3.886-03
2.604-03

1.887-03
9.274-04
4.926-04
1.135-04

3.351-05
9.540-06
5.854-06
5.999-07

6.670-09
7.644-11
7.545-11
7.095-11

6.279-11
3.484-11
1.272-11

Total

6.024-02
5.336-02
4.723-02
3.772-02

3.174-02
2.432-02
1.983-02
1.308-02

9.964-03
6.376-03
4.803-03
2.942-03

1.938-03
9.301-04
4.946-04
1.145-04

3.431-05
1.067-05
7.306-06
2.068-06

1.153-06
5.233-07
3.300-07
1.987-07

9.635-08
7.245-09
1.089-09



TABLE D-X

TMI-2 FUEL DECAY POWER SURVEY

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING
SUSTAINED POWER AT 33.8 kW/kg FOR 2 YEARS

Fraction of Operational Power

cooling

~

1.00+0
4.00+0
1. 00+1
4.00+1

1.00+2
4.00+2
1.00+3
4.00+3

1•00+4
4.00+4
1•00+5
4.00+5

1.00+6
4.00+6
1,00+7
4.00+7

1.00+8
4.00+8
1.00+9
4.00+9

1.00+10
4•00+10
1.O(H-11
4.00+11

1.00+12
4.00+12
1.00+13

Actinldes

3.006-03
3.003-03
2.999-03
2.976-03

2.933-03
2.732-03
2.409-03
1.675-03

1.442-03
1.293-03
1.061-03
4.074-04

8.149-05
2.128-05
1.627-05
5.800-06

3.036-06
3.612-06
4.257-06
3.885-06

2.811-06
1.048-06
5.436-07
2.930-07

1.272-07
9.330-09
1.587-09

Fission
Products

5.548-02
4.895-02
4.316-02
3.414-02

2.844-02
2.146-02
1.736-02
1.139-02

8.586-03
5.786-03
4.012-03
2.731-03

2.006-03
1.049-03
6.118-04
1.889-04

6.335-05
1.822-05
1.096-05
1.120-06

1.255-08
1.731-10
1.709-10
1.606-10

1.419-10
7.793-11
2.735-11

Total

5.848-02
5.196-02
4.616-02
3.711-02

3.137-02
2.419-02
1.976-02
1.307-02

1.003-02
7.079-03
5.073-03
3.138-03

2.087-03
10070-03
6.281-04
1.946-04

6.638-05
2.184-05
1.521-05
5.005-06

2.824-06
1.048-06
5.438-07
2.932-07

1,274-07
9.408-09
1.614-09
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TAELE D-XI

TMI-2 FUEL DECAY POWER SURVEY

DECAY POWER l?MCTION OF OPERATIONAL POWER FOLLOWING
SUSTAINED POWER AT 33.8 kW/kg FOR 3 YEARS

Fraction of Operational Power

Cooling

Z&@&l

1.00+0
4.00+0
1.00+1
4.00+1

1.00+2
4.00+2
1.00+3
4.00+3

1.00+4
4.00+4
1.00+5
4.00+5

1.00+6
4.00t6
1.00+7
4•00+7

1.00t8
4.0(H8
1.00+9
4.00+9

1.00+10
4.00+10
1.00+11
4.00+11

1,00+12
4.00t12
1.00+13

Actinicles

3.384-03
3.382-03
3.377-03
3.352-03

3.304-03
3.082-03
2.726-03
1.916-03

1.658-03
1.487-03
1.225-03
4.948-04

1.301-04
5.713-05
4.425-05
1.627-05

8.482-06
8.223-06
8.039-06
6.058-06

4.071-06
1.404-06
6.794-07
3.436-07

1.378-07
1.067-08
2.427-09

Fission
Products

5.370-02
4.744-02
4.189-02
3.323-02

2.773-02
2.096-02
1.696-02
1.113-02

8.413-03
5.726-03
4.093-03
2.817-03

2.088-03
1.133-03
6.989-04
2.514-04

9.156-05
2.623-05
1.550-05
1.583-06

1.788-08
2.800-10
2.764-10
2.597-10

2.293-10
1.251-10
4.286-11

Total

5.708-02
5.082-02
4.527-02
3.658-02

3.103-02
2.404-02
1.968-02
1.305-02

1.007-02
7.213-03
5.318-03
3.311-03

2.218-03
1.190-03
7.431-04 “
2.677-04

1.000-04
3.445-05
2.354-05
7.641-06

4.089-06
1.404-06
6.797-07
3.438-07

1.381-07
1.079-08
2.470-09

—

189

,. 1! ‘



0u
-l

.-i+
!

N.
s

rjNw04
“ugs.-l

.
s

u-1&+
8

0-4mc-
i

-4
J

.-i4
4

N.-4

w
“

~V
I

0&+
4

m00
“

I
I
u

0
’

lw

l=
’)

N.-i+
1

.

F
!

A
1+

0
-

.+
0

4
“

0“
C

.g

.-i
0
“

0.+.-i

+
4
+
!*

+
1

+
1

+
1
+
1
+
1
+
1
+
1

*+
1

*+
4

+
1

+
I+

l+
lm

1

1
9
0



APPENDIX E

ACTINIDE DECAY POWER IN LWR SYSTEMS

Following the development and approval of the new ANS 5.1 Standard for

decay power, a series of calculations were performed to investigate the

temporal magnitude of actinide decay power. The standard, described in the

text and in Appendix A, incorporated the results of experiments and summation
235 238U fuelS

calculations into useful pulse functions for u/ . However, the

standard provides little information on actinide decay power, limlting dis-
239U and 239

cussion to NP. The graphical results of these calculations,

presented in part in Ref. 15 of the text, are included here to demonstrate

the importance of actinide decay power in general and individual nuclides

in particular.

The fuel cases examined, described in Table E-I, consist of 4 LWR

systems. As in previous calculations, the EPRI-CINDER code was used in

calculating temporal fission histories, flux levels, and actinide decay

power values using exposure-dependent, self-shielded actinide cross-sections

calculated with EPRI-CELL. The nuclide fission histories for case IA, for

example, are shown in Fig. E-1. The EPRI-CINDER code was also used to pro-

vide fission-product decay power values for cooling times t >105 s.

Fission-product decay power values at cooling times t < 4 x 104 s were ob-

tained with DKPOWR using the nuclide fission history from EPRI-CINDER and

the Gmax absorption correction. The fission-product decay power for case

IA, using the nuclide fission history of Fig. E-1, is shown in Fig. E-2.

In the cooling-time range 105 s < t < 109 s within which both solutions of

fission-product decay power are valid, the absorption effect accurately in-

cluded in the EPRI-CINDER calculation is seen to be considerably less than

the Gmax correction to the fission-product decay power calculated with DKPOWR,

using the standard.

The actinide nuclide library of EPRI-CINDER includes all actinide nu-
208T1 to 246

elides from Cm important to a variety of actinide calculations.
235 238

Those nuclides important to decay power in U/ U fuel, ranging from
234U

to 244 238U most
Cm, are shown in Fig. E-3. Because of the high density of

238
9

of the higher-mass actinide production stems from U radiative capture.

The temporal fractional contribution of each actinide nuclide for case IA
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is shown in Fig. E-4, and the aggregate fission-product and actinide decay

power values are compared in Fig. E-5. The fractional contribution of

actinides to decay power in this case is shown in Fig. E-6.

Early calculations performed to estimate TMI-2 decay power assumed an

88-day constant-power history. Actinide-nuclides important to decay power

following this brief power history are fewer in number, as shown in Fig. E-7.

Actinide and fission-product contributions to total decay power, compared in

Fig. E-8, decay more rapidly following the first day of cooling. The slight

increase in actinide decay power at cooling times t > 107
241Am via 24

s is due to the

buildup of >U decay. The case 1 actinide fraction of total

decay power following four irradiation histories are compared in Fig. E-9.

Actinide nuclides important to BWR fuel decay power are examined in

Fig. E-10. In these calculations, self-shielded actinide cross sections

were obtained with EPRI-CELL assuming 40% void in the coolant water. Com-

plexities of BWR design, including void fraction variation with height from

O% toN70%, inhibit the modeling of total

parameters.

The actinide fraction of total decay
238

u fuel following 34 Gwd/t exposure are

core properties using core-averaged

power for the three cases of 235u/

compared in Fig. E-n. With re-

ference to Fig. E-9, the temporal actinide fraction of total decay power

appears to be more strongly related to exposure than initial enrichment,

suggesting a functional approximation to account for actinide decay power

equivalent to G of the standard accounting for fission-product neutron ab-

sorption. The envelope of actinide fractions of all 235U/238U fuel cases

is used to form an “actinide correction factor” and compared to the similar

Gmax of the standard in Fig. E-12. Here the importance of actinide decay

power during early cooling times important to LOCA is clearly much more

significant than the effect of neutron absorption in fission products.

The nuclides Important to actinide decay power in 232Th/233U fuel range

from 208TL and other 232U decay products to
238

Pu, as shown in Fig. E-13. The

temporal contributions of each of these nuclides to actinide decay power are

shown in Fig. E-14 for the case 4 fuel. Fission-product decay power was cal-

culated as before with DKPOWR for t ~ 4 x 104 s using the
235

U pulse function
233U

to represent . This substitution is not specifically sanctioned by the

standard and is used here simply to form an approximate basis for the comparison

with actinide decay power shown in Fig. E-15. The increase in actinide decay
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at cooling times t > 107 s is due to the transient buildup and decay of 232U

following shutdown. The temporal fractional contribution of actinide nuclides

in this 232Th,233
U system is shown in Fig. E-16.

It is shown in the figuresbelow that, at any cooling time, very few nu-

clldes are responsible for actinide decay power in 235U/238U fuel. This has

been emphasized in the comparison with the number of significant fission-

product decay power contributors in Fig. B-1 of Appendix B.

TABLE E–I

SUMMARY OF FUEL CASES STUDIED

1. PWR, 2.56Z U235/U238, 273W/cc

A. 34 GWD/MT (1082 days)

B. 15 GWD/MT (47’7days)

C. 2.765GWD/MT (88 days)

D. 0.1GWD/MT (3.18days)

2. PWR, 3.1% U235/U238, 273W/cc
34 GWD/MT (1082 days)

3. BWR, 2.95% U235/U238, 158w/cc
40% Void
34 GWD/MT (1909 days)

4. PWR, 2.95Z U233/TH232, 328W/cc
C.E.System 80
34 GWD/MT (835 days)
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