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ABSTRACT

This paper presents the results from MELCOR (Version 1.8BC)
calculationsof the Long-TermStation Blackout Accident Sequence,
with failureto depressurizethe reactorvessel,at the Peach Bottom
(BWR Mark I) plant, and presentscomparisonswith Source Term Code
Package (STCP) calculationsof the same sequence. This sequence
assumesthat batteriesare availablefor six hours followingloss of
all power to the plant. Followingbattery failure, the reactor
coolant system (RCS) inventory is boiled off through the relief
valves by continued decay heat generation. This leads to core
uncovery,heatup,clad oxidation,coredegradation,relocation,and,
eventually,vesselfailureat highpressure. STCP has calculatedthe
transientout to 13.5hours aftercore uncovery. MELCORcalculations
have beencarriedout to 16.7hours aftercore uncovery. The results
includethe timing of key events,pressure and temperatureresponse
in the reactorvessel and containment,hydrogen production,and the
releaseof source terms to the environment.

INTRODUCTION

MELCOR is a fully integratedcomputercode that models all phases of the
progressionof severe accidents in nuclear power plants [I]. lt is being
developed for the U.S. Nuclear Regulatory Commission by Sandia National
Laboratories(SNL)and is designedto providean improvedsevereaccident/source
term analysis capability relative to the older Source Term Code Package
(STCP) [2]. BNL has a programwith the NRC to verifyand apply the MELCOR code
to severe accidentanalysisfor severalplants.

This paper presentsthe resultsfrom a MELCOR calculationof a Long-Term
Station BlackoutAccident Sequence with failure to depressurizethe reactor
wssel. PeachBottom,a boilingwater reactorwith Mark I containment,was used
in the analysis. The paper also compares MELCOR predictions with STCP
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calculationsfor the samesequence[3]. Thissequenceassumesthatbatteriesare
available for six hours following loss of all power to the plant. Station
blackoutsequenceshaveoftenbeendeterminedto be importantcontributorsto the
risk from severe accidents[4]. Followingbatteryfailure,the reactorcoolant
system(RCS)inventoryis boiledoff throughthe reliefvalvesby continueddecay
heat generation. This leads to core uncovery,heatup, clad oxidation,core
degradation,relocation,and,eventually,vesselfailureat high pressure. STCP
has calculatedthe transientout to 13.5 hours after core uncovery. MELCOR
calculationshave been carried out to 16.7 hours after core uncovery. The
resultsincludethe timing of key events,pressureand temperatureresponse in
the reactor vessel and containment,hydrogen production,and the release of
sourceterms to the environment.

The main contributionof this paper is in reportinga successfulMELCOR
plant simulationof a severe accidentsequenceresultingin sourceterms to the
environment. MELCOR is a relativelynew code, and every new applicationbrincjs
it into uncharted territory where new code errors are uncovered. This
applicationwas no exception,and after severalcode errors were uncoveredand
resolved,the calculationseventuallywent to completion. These applications
thus allow MELCOR to gain maturity as a source-term analysis tool. The
comparisonswith the older, more widely used STCP, while being a byproductof
this effort,do serve as a usefulyardstickand lend credibilityto the results
from the new code.

MELCOR PLANT MODEL

Figure I is a schematicof the Mark I containmentdesign for the Peach
Bottom plant [5].

Nodalization

The MELCORPeach Bottom model is a modified version of the untested input
deck that was received from Sandia National Laboratory in 1988. lt consists of
19 control volumes (6 for the RCS, 3 for the primary containment, 9 for the
secondary containment,includingrefueling bay, and I for the environment);
33 flow paths (16 in the RCS and primary containmentand 17 in the secondary
containment);and 66 heat structures(20 in the RCS and containmentand the rest
in the secondarycontainment). The reactorcore is modeledwith 33 core cells
(i.e., 3 concentricradial rings and 11 axial levels). Levels 7 through 11
comprise the active core region, and levels I through 6 are tilelower plenum
_ncludingthe core platewhich is Level 6. Figures2 [6] and 3 show the MELCOR
nodalizationfor the Peach Bottom plant and its reactorcore, respectively.

Some Featuresof Simulation

MELCOReitherexplicitlyor parametricallymodelsall key in-vesseland ex-
vessel phenomena. In-vesselphenomenamodeled include the thermal-hydraulic
behavior of the reactor coolant system (RCS), fuel rod heatup, zircaloy
oxidation,and hydrogengeneration,core degradation,and lower head response.
Fission product release, transport, deposition,and revaporizationare also
treated. Ex-vesselphenomena includecore/concreteinteractions,primary and



secondarycontainmentthermal-hydraulicand heat structureresponse,hydrogen
burningand detonation,aerosolbehavior,and the impact of engineeredsafety
features(e.g.,pools_ on thermal-hydraulicsand radionuclidetransport.

Each cell may containone or more types of components,"includingintact
fuel,cladding,canisterwalls (forBWRs),otherstructures,such as controlrods
or guide tubes,and particulatedebris,which may eachcontainseveralir,aterials
(e.g., UO2, Zircaloy, Zr02). Oxidation and heat transfer by radiation,
conduction,and convection are calculated separatelyfor ]ach component. A
simple candling model treats the downward flow and refreezingof molten core
materials,therebyforminglayersof conglomeratedebrison lowercell components
which may lead to flow blockagesand molten pools. Failureof core structures,
such as the core plate as well as lower head heatup and failure followedby
debrisejection,are treatedby simpleparametricmodels. For this simulation,
the failurewas triggeredby a user-specifiedtemperaturecorrespondingto zero
yield strength• Upon vesselfailure,steam and gases are dischargedthroughthe
opening• The default option allows solid debris and molten material to be
dischargedat a rate calculatedfrom the pressuredifference,flow area, and a
loss coefficient.

Models for a broad spectrum of radionuclidebehavior are included in
MELCOR. By defau'It,MELCOR uses the 15 classes recommended in the MELCOR
PhenomenaAssessment [7]. These default classes include two nonradioactive
classesfor bulk material aerosols (H20 and concrete) and are summarized in
Table I. The user may also create new classes to model the stoichiometric
combinationof elements in existingclasses,such as Cs and I.

The releaseof fissionproductsfrom fuel is modeledinMELCOR usingeither
CORSORor CORSOR-M[8]. Dependingon user choice,these rate equationsare then
modifiedfor the appropriatesurfacearea to volume ratio of the fuel/debrisas
comparedto the ratios representedin the experimentson which the models are
based. If the clad is intactas determinedby the gap releasemodel discussed
below,any releasedmaterialis added to the gap inventory. This model is also
used for the releaseof nonradioactivematerial. Releaseof radionuclidefrom
the fuel-cladgap is modeled simplisticallyby a user-specifiedclad failure
temperature (1173K for all calculations in this report). When the clad
temperaturein any cell in a given ring exceedsthis clad failuretemperature,
or if the clad in a cell in this ring melts completelyaway, the entire gap
inventoryfor that ring is instantaneouslyreleased. The elementaland compound
forms of each class are bothconsideredin the releasemodel. For the Cs class,
the elementalform is Cs but the compoundform may be CsOH. The differencein
the elemental and compound molecular weights determines the amount of
nonradioactivematerial that is added to the releasedmass. In the Cs class
example,the mass of OH is added to the total mass of the Cs class.

Releaseduringcore-concretereactionsistreatedby the VANESA [9]models.
; Aerosoldynamics involvingagglomerationand depositionare calculatedwith the

MAEROS[I0] equations, while condensation and evaporation from aerosol and heat
structure surfaces are calculated using the TRAP-MELT[11] models.
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RESULTSAND COMPARISONSWITH STCP

In the base case, MELCOR simulation of the station blackout scenario
presentedhere the maximum allowabletimestep size (At ) is specifiedas 10
seconds,and the fuel releasemodel selected is CORSOR_th surface-to-volume
ratio correction. The containment is assumed to fail in the drywell at a
pressureof 9.1 bars (-132 psia),which is consistentwith the STCP assumption
[I], and with analysisof the steel shell performedby Ames Laboratory [12].
Computingtime required for 60,000 secondsof problemtime was 34,200 seconds
(WARP=I.75)on a VAX 6340 computer.

Kev Even.!_S

Table 2 summarizesthe predictedtimingof key events for the MELCOR and
STCP [I] calculations,startingwith core uncovery when the water level has
dropped to the top of the active fuel. MELCOR predicts clad melting and
relocationto start at about 9g minutes,with fuel melting followingabout 18
minutes later. STCP, on the other hand, does not distinguishbetween the
differentcore components and calculatescore melt to start at 114 minutes.
MELCORmodels the core in 3 radialrings and predictspartialcore collapseto
occur in the innermostring at 154 minutes,while STCP calculatesgross core
collapse at 166.8 minutes. This can explainwhy the predicteddryout of the
lower plenumoccurs so much quickerfor STCP. Vessel failureoccurs in MELCOR
at 274 minutes when the penetrationsin ring I fails, whereas STCP calculates
gross lower head failure at 205 minutes. This difference can be explained
because core relocation occurs more gradually in MELCOR, via "candling" and
debris formation. Note that followingvessel breach, steam, non-condensible
gases, and aerosolsescape from the opening, while ejection of debris to the
cavityoccursmuch later. This MELCOR-predictedtime lag will greatlydiminish
the perceivedprobabilityof occurrenceof DCH followingthis high pressurecore
melt sequence. MELCOR predictsdrywell failure to occur at 7.1 hours, or 40
minutes later than the STCP calculation. This is again relatedto the earlier _
vessel failurepredictedby STCP. Both codes predictdeflagrationsto occur in
the reactorbuildingand refuelingbay, shortlyafter drywellfailure.

In-VesselBehavior

The responseof importantin-vesselparametersas calculatedby MELCOR are
shown in Figures4 through 10. Figure 4 shows the pressure response of the
separator (CV350) and dryer (CV360) regions. The total pressure remains
approximatelyconstantdue to thepressure-relievingoperationof the SRV valves.
However,the sharpdownwardpressurespikein steam partialpressurescorresponds
to a sharp positivepressurespike in the partialpressureof hydrogenwhich is
producedfrom zircaloyoxidation. The sharp drop in total pressurestartingat
-16,500secondscorrespondsto vesselfailureand subsequentdepressurizationof
the vessel. Figure5 shows the swollenliquidlevel in the core (CV340),bypass
(CV330),annulus(CV310),and lower plenum (CV320),as a functionof time. The
rapid level drop in the lower plenum is seen to start at the same time that
partialcore collapse occurs in ring ] (-9,250 seconds),leadingto eventual
lower head dryout at 12,378 seconds. Figures6 and 7 show the cumulativeflow
of steam and hydrogen, respectively, through the SRVlines. The curves taper off
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and become flat for t>16,500seconds,indicatingthat flow throughthese lines
stops followingvessel failureand depressurization.

Figures8 and g showmasses of fuel in variousaxial levelsof the core in
the innermostring. The sharp drop in mass at one level and a corresponding
sharp mass increaseat a lower level indicatesdownward relocation. MELCOR
calculatesthe maximumtemperaturein the core to be 2500 K, occurringin cell
111 -7,000 secondsafter core uncovery. STCP predictspeak core temperatureof
4100°F (-2530K), occurring-6,850 secondsafter core uncovery.

Figure 10 shows the MELCOR-predictedcumulative in-vessel hydrogen
production,which reaches in excess of 1300 kg by the end of the calculation,
60,000 secondsafter core uncovery.

_x-VesselBehayior

The primarycontainmentpressureand temperaturehistoriescalculated by
MELCOR are presentedin Figures11 through17. In Figures11 and 16, it can be
seen that failureof the reactorvesselleadsto rapid pressurizationof both the
drywell and wetwell, but the pressure stays below the nominalfailure level.
Containment failure is calculated to occur at about 426 minutes after core
uncovery due to the combinationof an elevated suppressionpool temperature
(Figure17) and the buildup of non-condensiblegas. The curves from STCP
calculationsshowsimilartrends. Failureof the primarycontainmentis followed
shortly by severalhydrogen burns in the reactor building and refuelingbay.
Their timings relativeto containmentfailureare similarfor both MELCOR and
STCP. The predicteddurationofdeflagrationis longerforMELCORthan for STCP.
This is becausethe MELCORplantmodelconsidersmany compartmentsin the reactor
building,withdelaysin burn propagationfromone compartmentto the next,while
STCP models the entire reactorbuildingas one volume.

Figure 18 shows the temperaturehistory of metallic and oxidic debris
layersin the cavityand Figure19 showsthe cumulativemassesof non-condensible
gases releasedfrom core-concreteinteractions.

FissionProductTransportand Releaseto Environment

The overall behavior of fission products and decay heat calculated by
MELCOR is shownin Figures20 through23. Figure20 showsthe cumulativerelease
of radioactivefission product mass from the fuel, along with deposited and
releasedmass of aerosoland vapor components. Total relezsedradioactivemass
in-vesselis about 800 kg. Figures21 and 22 show the in-vesseland ex-vessel
releases,respectively,of CsOH, Te, and CsI. Note that in CsOH, only Cs is the
radioactivecomponent, lt can be seen from the figures that the Cs and I
releasesoccur predominantlyin-vessel,whereasmore of the Te releaseoccursex-
vessel. Figure 23 shows the locationhistoryof decay heat, both in- and ex-
vessel, lt can be seen that, with successivepenetrationfailuresin the three
rings, the core decay heat drops in steps, as cavity decay heat increasesin
steps,while total decay heat decreasesgraduallywith time.
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Prior to vessel failure, fission products are transported to the
suppressionpool via the SRV lines, and thereafter,they enter the drywell
directly. Followingcontainmentfailure,fissionproductsleak fromthe drywell
into the reactor building,where they travel throughthe variouscompartments,
and the refueling bay. Table 3 shows the fractionaldistributionof fission
products in variousregionsof the plant and the environmentat the end of the
calculationfrom bothMELCORand STCP. Note thatthe Cs fractionsfor MELCORin
the table were obtainedby weightedadditionof Cs fractionsin Csl form (Class
16) and in CsOH form (Class2), as follows:

f(Cs) = O.92f(Class2) + O.08f(Class16) (i)

The coefficients,0.92 and 0.08, in Eq. (I), were obtained from the
distributionof Cs betweenthe two classes. MELCOR-calculatedI mass in the form
of free l,)dine(Class4)was seen to be severalordersof magnittldesmallerthan
I mass in the form of Csl (Class16). Hence,MELCOR-calculatedI fractionsin
Table 3 were assumedequal to the fractionsof CsI.

A comparisonof environmentalreleases between MELCOR and STCP reveals
significant differences. MELCOR predicts much lower environmentalrelease
fractionsof Sr, La, Ce, and Ba, and STCP predictslower fractionsof I, Cs, and
Ru. MELCOR and STCP predictsimilarreleaseand retentionof I and Cs from the
fuel during in-vesselcore meltdown;however,the higher environmentalrelease
fractionsof I and Cs fromMELCOR can be attributedto late revaporizationfrom
the RCS after the core debrispenetratesthe reactorvessel. This phenumenonis
not modeled in STCP, and, therefore, the revaporizationmodel in MELCOR
representsan importantadvancein modelingcapability. Note that since Te is
mostlyassociatedwith ex-vesselreleasedue to core/concreteinteractions,the
revaporizationof Te from the RCS has no impact on its total release to the
environment. The lowerrefractoryreleasesis becauseMELCOR calculatesdebris
ejectioninto the cavityover a much longerperiodof time, based on successive
penetration'Failuresin the three rings, while STCP assumes the releaseof all
of the core at the timeof vesselbreach. The MELCORmeltdownmodel, therefore,
resultsin less vigorouscore concreteinteractionsthan STCP, leadingto lower
release of the fission products associatedwith this phase of the accident.
These two models represent credible variations on possible core meltdown
configurationsand shouldbe taken intoaccountas partof an uncertaintystudy.
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Table I
MaterialClassesin MELCOR [2]

,,i li ii iri.,..' ,, , ' ................... "'"",, i L ' ',i, T-

.Class Name .Representative Member Elements

I. Noble Gases Xe He, Ne. Ar, Kr, Xe, Rn,
H, N

i i , j, ,, , ,, ,

2. AlkaliMetals Cs Li, Na, K, Rb, Cs, Fr, Cui ,ii, i , ,

3. AlkalineEarths Ba Be, Mg, Ca, Sr, Ba, Ra,
Es, Fmi i i

..4.. HaloQens . . . I F, Cl, Br, I, At

..5.. Chalco_le.ns Te . 0,...S, Se, Te,...Po

6. Platinoids Ru Ru,.Rh,Pb, Re, Os, lr,
.... Pt, Au, Nii , ,

7. Early TransitionElements Mo V, Cr, Fe, Co, Mn, Nb,
.,.MR.., Tc, Ta.,W .....

8. Tetravalents Ce Ti, Zr, Hf, Ce, Th, Pa,
, , Np, Pu, C ...

9. Trivalents La Al, Sc, V, La, Ac, Pr,
, Nd, Pm, Sm, Eu, Gd, Tb,

Dy, Ho, Er, Tm, Yb, Lu,
Am, Cm, Bk, Cfw,, , J , , ,

10. Uranium U U
,,, , ,,,, , ,, ,

11. More VolatileMain Group Cd Cd, Hg, Zn, As, Sb, Pb,
Tl, Bi--,,, i ,,,, i ,

12. Less VolatileMain Group Sn Ga, Ge, In, Sn,.A9 .

13. Boron B B, Si, P

.I4. Water HpO HpO

15. Concrete ......
,, ,,, , ,, ,,,



Table 2
MELCOR and STCP-PredictedTiming of Key Events

iii i i i ii i L i , I II ] I i i I i|.lm I i/ I i

Key Event ., T.!me,,(min),

MELCOR STCP
i ,ll , i i i .. ,,

,Coreuncover_........ _,,,0"0..... O.0 ' ,, ,

Start zircaloyoxidation ...... 76.0 ...........

First _ap release,Of fissionproducts .... 76.8 ......... _

Start melt and relocation 117.0 114.0
i i i , i , i i

Core collapse 154.4 166.8
(partial)
ring Ii .m.

Lower plenum dryout , 206.3 ......, ,176.3, ,,,..

Vessel failure 274.0 205.0
i i i i i ,, .,, , .., ,

Reactorvessel depressurized 275.1 ..............

Start,debrisejectionto cavity , 341.2 . 205.1 ,

Drywell failure ,,426.0..... 386.0

Start def,lagrationsin reactorbu.ilding 426.,.,4.... 386.5 ,,,

End deflaclrationsin reactorbuil,,din9 427.6 386.9,.

Start defla.qratio,.sin refueling,,,bay' 429.4....... 390.6 ,

End deflagrationsin refuelingbay 430.8 390.7
i , ifT, , ' "
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PIPE TUNNEL

Figure 1 Schematic uf _;,e Containment Design for the Peach Bottom
Plant [8]





J UPPER PLENUM

- • l L ,, ,,, . _
tD

, ,i ,, ,,,

i CORE CELL
..............

107

CORE
SHROUD

FLATE " ms ....

m

I04

LOWER
PLENUM

io2 2_2 ,_02

DI 201 ,_I

s LOWER HEAD

Figure 3 Reactor Core Nodalization



9.0 '", . ' ,' _ ' ' _ ' ' _ , , ,,,'. . ,, , . , . ,., _----__

$

7.0 .-,- II

= I
_ s.0
O.

_ t.0-
@,,.
t_

0

o.o , , , - " '_-"e'--_--,', ....n") & ,,','l,,,
o.o ,_.o _o.o zs.o 20.0 _.o _.o _s.o _o.o _s.o so.o _s.o 6o.o

TIME {103 Bl

--_.-CVH-P,350
-E,- cv,-P.3so Figure 4 Total and Steam Partial Pressures

CVtI-PPFIRT.3.360
--+--- CVH-PPF_RT.3.3SO , in the RPV Separator and Dryer

Regions Calculated by HELCOR

I0.0 .... , ,,,., _ , ,, .

lt

7.11. -_

\

[,_ _ ,,,

"i

-1

' i1

' It

2.3 " ('_.?

l
, \

TJ_fi(I03_j

-_ _- '-.'II-LlOI.EV._'I,O
...... ,.i_-i,!r2!_LV._-.C]

.... =-- . ....L:_:_._....:..z,_ Figure 5 Vessel l.laterLevel Calculated by

.............,,-_.'c,..:,,.]:s MELCOR



!
140.0 ' ' ' ' ' ' ' ' '-_--- "- ' /

j_
1:_3,0 •

/
II0,0. I.

%_ ,ro.o- i

¢n _.0 - I
.

Ii" 80.0"' I

,oo- i
.,.Jno

=_ m.o- i
rr 50.0 -

,, /F..-,

z 40.0 - /

30.,0 - /

Zo. o / t

10.0 /

0.0 ' 'V
o.o s.o ,_.o ,;.o _.o _°o :_.o _.o ,_.o _.o _.o _.o _.o

TIrE {lO3 oi

...... rE.L-DROPLETS Figure 6 MELCOR-Calculated Cumulative Steam
.- ,,.L-Sr,nM Flow Through the SRV Line "

6_0.0 I .....' ...... " ' ' ' '
i

.................... _.... _o.°. .... .°.. .............. ...°.. ........ ,o....... ..,

600.0

550.0

500,0 +

450.0-

w
_o0.0

350.0

7
,J 3co.o-

tj
+-..,

_-_ 2S3.0

:_.3. C -4

;GO.L)

-- _ .;. '_.,

0 O _ ..... ' 45.0 50.0 55.0_.o :,+o ,;.o_ _o.o 2_.o _.o _;.o 4;.o-_--'----_o.0
TImE 1103 sl

.............. FL"I-_'FLOI'6"362 Figure 7 PIELCOR-Calculated Cumulative
Hydrogen Flow Through the SRV Line



45.0 i ml ii i i

q

40,0-

(l
35.0 -

1
J

30.0 -

v _

=J

2_

-.tri

m.o 1 ]
s.o

o.o- . ;_", 0-7_+--_ C , ] ........,=,'_I ,..""C,,,,_I . "..C ,_Z,
O.O 5.0 tO,O tS.0 20.0 25.0 30.D 35.0 10.0 15.0 50.0 55,0 60.0

TIMEIlO3 sl

-e- CELL_o7 _ CeLL111
-.o- CELL_Oa Figure 8 Fuel Massin Core Cells

CELL 109

---+--- CELL]10 107 - Iii (Active Core)

60,0 i el
i

II I ;!

55.0 - i

50.0

45,0 [

40,0

35.0 -

30.0-
:.rr
{,.._

,._ 2S.0 -
L,.

::.o- [

_050_01 '_:_'I .I

_.o _,o m.o :_,o _o.o _s,o m.o _.o _o.o _.o '_o.o s_.o _o,o

TIME ( _0 _ sl

--;.-- LKI,'. 1(]1 _ (;ELL 105

...... i_ l_ _-- _[_ IuG Figure 9 Fuel Mass in Core Cells
"-:'r- 'F.L.L _r'3
....... ,.i.i:. 1ot 101 - 106 (Lower Plenum)



/

,, ,,.,. , , _ , , ,,,,,. ,,,, __

| ._ ...... o_ .....................
_O0 p_

1.1 o,

1.!

-- 1,0 _

_ o,g-

Z 0,8 _
('.3

(-J' 0,7
:223 o
r_

g_
_. 0.6

i

_ 0,$ ,
C_

_ 0,I-

0._-

0.2 ._ ;.
/

o.i
i

D.O i " .... , ....... , ....... , ........

S5.0 60.0

TII_ 110 3 el

...... COR-OrlH2-TOT,O] Figure I0 Cumulative Hydrogen Production
Calculated by MELCOR

0 l II

, , , , _, , , , , , , , -
o.

..o Ie

eoo.o ',I ; .I
! = i "q

,oo.o !_ ._, !

600.0-

_4
SCO. O -Q_

_ .°°.o
(,I

-,., '_00.0 -

b-
, oO

_0.0

_:

i......... Ii.-"0 " r_.. _J

'.:-_i_I I- ----_._._.=. ......... \
_ ..._._,]-'_-._.

Q.O t------ ,

_'._ b.O lO.O 1_.0 2G.O 2;,0 v _--'r-----_,..._..r..__ , ,--
30.0 35.0 _O,O 45.D 50.0 55,D 60.0

TI_[ IlO 3 'G,_

I ...... F:'.'_I-P.IF;O Figure 11 Total and Steam Partial Pressurer .,l_-pt_F_r._T.3. I00

1 History in the Drywell



IGO.O ..... , ..... _ .... .-v_ , , ' "' ' ' ' Y------" tl

140.0

I_0.0

/

'_ ioo.o

,,r, eo.o

0,,. -""

._ _o.o ,',/d

N , ;
i

.,o.o , ,,, ,,! /
" i :"IQ 'I

,,Ct :
i / i i

_0.0- 00 ,,,u ,•....
.' '

{ #1.1 'laldtI'p

_,_,° .! #..o,'_"

0,0 , -,---. , , , '. ...... "; .... _'".... _--
o.o s.o m.o Js.o 20.0 zs.o 3o.o 3s.o _o.o _s.o so.o s_.o eo.o

TIMF: (103 el

l ...... CVH-FPART.6.]O0J Figure 12 Pressure History of Hydrogen
in the Drywell

,..o ,, , , , .._.,....,_;, ,.., .

710.0- _' I "N H G

°'°°- i /ii

6_oo- :: / ,,I"

soo.o- : / ":

9--_'j ' : :
z_ 550,0
I--.

(_ ', I

510.0
..J
_J

LJ :

_;0.0 ' ', ....

c.o 3.3 ;_.0 15.0 23,0 25.0 30.0 _5.0 iO.O 15.0 '_0,0 55.0 (50.0

TIME (I0] al

i ' ,", ''rP ','" I
: .... : 2 " " " Figure 13 Temperature of Atmosphere in Drywell



II

6oo.o , , '",....... , ' ' ' ' "' ' ' 'd
i

1

575.O //, ,

'=° it I-- 52S.0. /

;.,. ] \,,,._,/
"_,.._,,o.o //_IS

ld _,_.o /
td
_ 1511.0,

_J _

_ 425.0 -

375.0 " , , '"I
350.0 - --o.o s,o ,;.oI;.o_.o _.o _.o _.o _.o 4_.os_.os;.o6o.o

TIME {103 sl

....... .CLCO_-UP.r'EU.
--.- HELCOR-LO.PED. Figure 14 Temperature Response of the Upper

and Lower Reactor Pedestal

r IJ

6ZO. a /

! ,/
_ /s_o.o
' .j
: /

: _o.o i /
- ] i

i\I\ I i_i 530,0 -
I,-,,-,

'77" j'_ 5C0.0 ,,,, "---.e

- /._.} '170.0

44,3.0

: /
4:9.0 I "-'-- """_ :"----"""'""" _''"" "''" ""

f!:rl 0 "I
........... --

"'i fJ

__- _.u ,._ ,0.o ,_.o _,O,u.S,o _.;.o _;.o _o.o _;.o ,.;.o 'L.o _o.o
TIr_C{I03 el

i .... ;:!:1. I.I'_CR, -- ,,, f,,;r;_ Figure 15 Temperature Response of the Drywell
....... Liner and Floor



m

9OO.o

" s"

4 ;
eoo,o • /i

It',.. j

7C0.0

6NI. 0
t_

O

0

F-
O

t.J 300.0 -

I ,,

, .o° ..j._.,°o,

2GO.0 "
,_'

-I \
,_o.o i,.-/.-./ , "_._

0,0 ....

o.o s'.o &o I_.o _.o 2_.o _.c_ 3_.o ,_.o &o s_.o _.o _o.o
Tj'tiC (lO 3 el

- [ ...... cw-P.200 I__: C','ItPPnRT.3,200 Figure 16 Total and Steam Partial Pressure
History in the Wetwell

397.5- I_

... ,_--.. , ,

- 395.0

39o,o ',

1,1

'\
:,32.5 ,.,., *,

- .'",'). O

/,,' "_ '( ',,,\Ld

,._, . /J ,,, \ ,\l '1
::': . , / ', x..... "_',-,.-_ [ .

- _'_'; I _/

f

= I
= ,:, ,;.o ,,,.o,'1o_;o _s.o_G.o_;.o_;.o ,_,o s;.od.o _o.o
- TIhC (I03 _1

..... --],':, :, Li,.:,_, Figure 17 Temperature Response of the Wetwell
: Pool and Liner



_i i̧ ,,

2.50 ' " , , t '' ', , '. , , , _
jJ_

2.111:1-
i

1,75-

1.50

2 (

,.oo- ]
I..-.

0,75-

._

O.SO -

0.25
[

u.u_ _.,_.._--_-',--E_ -, "'' ' ' sG.o s_.o c,o.oo.o s.o mo.o is.o _o.o 25.0 ]o,o 35.0 4o.o qs.o

TIME (103 el

--El--IIETAL

-_- ,,_,,vyoxloc Figure 18 Temperature History of Debris and--.._r-L.IGHTOXIDC
--+-- _nTL:P,LAiCR Water Layers in the Cavity

'I'_O.0 -

4C0.0 /h

3
V
t.I

._ ._n.o

.." LL_

,_ _;0.0

"_ 2_3 0

/

'. b.(] /

3

z.J

';_ __:]-T_,-,'_---- -"" -': _ , ,- <-"
,,.o 5,0 I0.0 15.o ;0.o 25,0 3o.o 35.o 4o.o 45.0 50.0 _5.0 GO.O

TIME (103 el

.,,,,j,,,:,_n<Ir,E Figure 19 Cumulative Mass of Non-Condensible..........i:,:_DIS,'ILC
• Gases Released from Core-Concrete

Interaction



I

BO0oO- • ....... '_ _._

--EP------
c

/
/
/

i
/

/

40o.o /

o,o.E- "/_ '---
u.o s.o zo.o _s.o 20.0 2s,o m.o 3s.o 40,0 _s.o so,o ss,o _.o

'TIME{_03 si

--o- TOTnLMRSSRELCnSEO
--(-,_- l(nOAFROSOLtIB55 Figure 20 Cumulative In-Vessel Released and---_---Ri!DFP VAPOR _IR55
--+-- £F_DDEPO5ITEO MA55 Deposited Mass of Radioactive

Fission Products

-- - • " i '", .... T "' , ' v.... i v -- "'"Y' ! ! ' ....

.....rl [] []

3oo. o

G

4 /°1(;(}.0

/

, /
I

11-- {i] [] O,----

,. _ , .. {,._ L:.i ' -,----C) --'__ : ,_ "---_') _, ....... ;*q _ , , ('-_'i--
... _o m,o n_,o zo,o _,o m.o _so _o,o 4s.o ,.o,o ss.o ,o,o

TIME (I03 el

I
--.. i-- ' '.''4 }. , -

; Figure 21 Cumulative In-Vessel Released Mass of
.... " CsOH, Te, and Csl



U,O _,0 |0,0 15.0 ,20.0 25,0 :ZO_O ]5.0 40,0 4S.O 50.0 5_i.0 60.0

TIl'lC 1103 el

--[3- CSOH

--e--rE Figure 22 Cumulative Ex-Vessel Released Mass of--F_]--CSf

CsOH, Te, and CsI

_,0 L F _ I [..... ] II ] ...... i ] I 11 II i I ,

a2,5

., 20,0

,7.s. "--__

% _5.o- _ .

12,5 -

a

L.J

z

7,$

L,,() ',.0 IU.O I'a,O ;.O,O _CJ,O :_O,Q 35.0 4U.O 'l_,O S,J,U 55,0 _0,0

TIrlC(I03 GI

-t i - I,qTlll.. ---:-.'-- flTtlf15

,, ,_,,f. -->-. _'UUL Figure 23 Location History of Decay Heat....,":- '_(ITT
, . ...I._.,.-_ITCD,, In-Vessel and Ex-Vessel

-

=

_



t °.




