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!ABSTRACT

Dis report calculates the risk benent associated with potential perfonnance improve- j

mens for the large dry pressurized water reactor (PWR) containment.De analysis is based ;

on the June 1989 drah NUREG-l!50 moults for the Zion commercial nuclear reactor. Sim. l

I''

plined containment event trees and the large accident progression event trees from drah .
'

'

J NUREG-11$0 we used to evalt's.te the e#ects of potential improvements on the response of i

the Zion containmem to dominet sevem accidem sequences. Source terms am generated -
parametrically using the ZISOR code and offsite consequences are calculated with the -,,

MELCOR Accident Consequence Code System (MACCS).Dese results give point esti- ;

mates of the risk adu~ ion associa*4d with endi containmes improvement identified by. ,
i

Brookhaven National udwatory in their draft Issues Characterizmion Repon.
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EXECUTIVE SUMMARY

This report provides a quantitative analysis of the event trees used for the June 1989 Zion draft
risk seduction potential associated with the contain- NUREG-1150 analysis. In some cases, dependencies
ment performance improvements identified in the among questions in the accideot progression eve nt trees
drah lasues Characterization Report for the dry PWR made the une of simplified event trees impracticable, in
containment. These improvements are as follows: these cases, the draft NUREG-IISO computer codes
(1) enhanced reactor depressurization to mitigate were used to analyze tie improvements, with tle Zion
direct containment heating (DCH),(2) addition of a accident progression event trees used as input files.
cavity flooding syr. tem to ensure that the reactor cavity
is flooded at the time of vessel breach,(3) improve- Table ES-1 presents a summary of the calculated '

mems in the hydrogen control system,(4) containment results of the risk benefit analysis. !
- venting, and (5) modifications to reduce the frequency
of the interfacing systems loss-of-coolant accident Table ES-2 shows the relative contribution of the
(LOCA). The last two improvements [!tems (4) and various modes of containment failure to two of the off..
(5)] are not evaluated in this report. site risk measures in the base case, the 50- and - ;

1000-mile population doses.These contributions are a ;

ne quantitative analysis in this report relied exclu- weighted average of the contributions from each plant
'

sively upon the June 1989 draft NUREG-il50 analy. damage state group.
sis of the Zion plant, herefore, the findings in this j

-

report are necessarily specific to the Zion plant. %ese The following conclusiors can be drawn from the
results should not be applied to oder dry PWR con- analysis performed for this report he above caveat i
tainments without further analysis, whh due consider. about tle plant-specific nature of the results should be
ation given to plant-specific and site-specific features
that can affect the results.

'

kept in mind.
,

'

The benefits to risk ofintentionaloperator depressu. ]
Simplified containment event trees were used rization cannot befudged conclusively. Vessel depres. '

wherever possible to analyze the containtnent response, surization appears to have both positive and negative
They were derived from the large accident progression efrects. First, vessel breach may te prevented in some -

Table ES- 1. Composite annual risk results

Mean 50-Mile Mean 1000-Mile Mean Offsite
Mean Early Mean Latent Dose Dose ''osts i

Fatalities Fatalities (Person-Rem) (Person-Rem) ($) !

Base case 33iB-05 139B-02 263 84.6 5.99E+04

Depressurization 3.185-05 1385-02 26.2 83.9 5.93E+04 |

via PORVs

Fulldepressurization 4.12E.05 139E-02 263 84.4 5.98E+44
#1 (no ID'ME) '

.

Fulldepressurization 1.60E-05 1.095-02 18.7 65.2 5.23E+04
#2 (no HPME)* ;

Cavity floodmg 3.12E45 1.28 5-02 24.0 76.5 5.58E+G4

H control 331E-05 1395-02 263 84.6 5.99E+012

a. This case includes the use of a point estimate a mode failure probability of 8.0E-04,

iv
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: Table ES- 1. Containment failure mode coratibution to offsite dose (base case)
D

Contribution to 50-Mile Dose Contnbution to 1000-Mile Dose"

Containmera Failure Mode ( W) (9 )
i

U DCH 2.1 1.7'

71.5 75.0a-
Bypass 26.1 23.1

Late overpressure - c c
'

Basemat meh-through c c

4
t . c = negligible

sequences by intentional depressurization, because lyrovements m reduce thefrequency of contain-'

depressurization may allow injection from available ment bypass arquences would provide the grearcsr"

low pressure systems. This is the case, for example, in tangible risA reduction benefit. Contairunent bypass

nequences where AC power is availabic. Depressu- sequences, both the so-called interfacing systems''

L rization also climinates temperature-induced steam LOCA ar.d staam generator tube rupture (SGTR),

generator tube ruptures, which bypass the contain- contribute very significantly to the annual offsite risk

ment. However, depressurization reduces but does not at I. ion. " Front-end" improvements to reduce the
climinate DCH failures for Zion, because the capacity incidence of bypass initiators have not been analyzed,

of the pressurizer pilot-operated relief valves However, any reductions in bypass frequency would
(PORVs) has not been shown to be suflicient to fully provide a corresponding reduction in all risk measures,

depressurire the reactor (<200 peig). Finally,if the In addition, a preliminary report from Sandia National

conditional probabilities of a mode failure (contain- Laboratory (SNL) mentions two possible mitigative
ment failure as the result of an in-vessel steam explo- strategies, based on a plant visit to Surry. 7hc first of
sion) developed for draft NUREG-il50 are used, then tiese strategies is to ci,sure that tie break location in
the berefits of depressurization may be offset by an in- the interfacing systems LOCA is submerged. The
creased probability of early containment failure, second is a suggestion to reflood tie steam generators
because NUREG-1150 has judged a mode failure to in the case o JGTR,to ensure that the release from tie

be more likcly at low reactor coolant system (RCS) RCS is scrubbed through a volume of water. Neither of
*

pressures, these suggestions has been evaluated in this report.
because the sneans to do so were unavailable. A

. l'he addition of a cavity flooding system yleids a preliminary evaluation of these improvements for

slight reduction in risk but may increase the prob- Surry by SNL found a significant reduction in the early

ability o/DClifailart in some sequences.The e ffect of ami latent fatality risk (no doses or offsite costs were

a flooded cavity on the threat from DCH is not known. calculated). Both may have the potential to generically
'

The discussion in the draft Issues ("naracterization reduce the bypass sequence risk. However, the efficacy

Report for the dry PWR contaim. ent appears to and cost-effectiveness of these strategies is best

indicate that the effect muy be plant-specific, determined on a plam-specific basis,

enhancing the threat at some plants while mitigating it
at others. At any rate, the risk reduction is not
signylcantfor Zion. Flooding the cavity does increase Gradual overpressurization by noncondensible
the conditional probabililty oi an en-vessel steam eK' gases (including steam) is not a threat to contairvnent

plosion; however, because ex-vessel steam explosions integrity for Zion. Containment failure by eventual
aie an insignificant threat to containment integrity at overpressurization (time scale of one or more days)
Zion, tids effect does not increase offsite risk. was predicted only in the APET runs made for the

LOCA plant damage : tate group. Even in these cases,,

*

Improvements in the hydrogen controlsystems are of the conditional probability of eventual overpressuriza-

no benefit in terms ofrist.'!his result is very specific to tion was very small. Again, this result is Zion-specific.

Zion. Other plants, particularly those with smaller sub- A relatively high probability of containment failure at-

atmospleric containments, might realize a more sig- tributable to basemat melt-through (BMT)was found;

nificant risk reduction from hydrogen control however, these failures are negligible contributors to

offsite risk.improvements.

"
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FOREWORD
,

SECY-88-> 47. dated May 25,1988, presented the NRC staff's program plan to evaluate
generic sevene accident containment vulnerabilities via the Containment Performance

s - Improvement (CPI) program. This effort was predicated on the assumption that there are
; generic severe accident challenges for each light water reactor (LWR) containment type .

that should be addressed to determine whether additional regulatory guidance or
requirements concerning needed contaitunent features are warranted, and to confimi the
adequacy of the existing Commission policy. The bases for the assumption that such
assessments w re reeded included the uncertainty in the ability of some LWR containments
to successfully survive some severe accident challenges, as indicated in draft
NUREG-1150. All LWR containnent types have been assessed beginning with the boiling
water reactors (BWRs) with Mark I containments. 'Ihis effort was closely integrated with
the Individual Plant Examination (IPE) program arul is intended to focus on sesolution of
hardware and procedural issues related to generic containment challenges. ,

,

'Ihis report documents the results of NRC-sponsored research related to severe accident
challenges and potential =h-ents that could improve containment performance. The'

s

purpose of this report is to provide pressurized water reactor (PWR) dry containment
'

.
owters with information they may find useful in their IPE. No requirements are contained
in this report; it is provided for information only.L'
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QUANTITATIVE ANALYSIS OF POTENTIAL!

PERFORMANCE IMPROVEMENTS FOR THE DRY
PRESSURIZED WATER REACTOR CONTAINMENT

1. INTRODUCTION

in SECY-88-147, dated May 25,1988, the where,

NRC staff premersed to the Commission its program
the risk associated with conse-plan to evaluate generic severe acciders containment RISKt =

vulnerabilities in the Containment Performance quence measure k

Improvement (CPI) program. This effort is predicated
the frequency of accident sequence ion the presumption that there are generic aevere acci- FREQ, =

dent challenges to each light water reactor (LWR) con-
tainment type that should be assessed to determine CRMP j = the conditional probability of con-i

whether additional regulatory guidance or require- tainment release mode j, given acci-

ments concerning needed containment features are dent sequence i

warranted, and to confirm the adequacy of the custing
fission product source term for con-Commission policy. The bases for the presumption FP =y

that such assessments are needed include the uncer- tainment release mode j of accident

tainty in the ability of LWR contairunents to success- sequence i

fully survive some severe accident challenges, as
indicated by draft NUREG-il50.' CONSs mean magnitude of consequence k,a

given fission product source term
(FP,j) for release mode j and

This report incuses on dominant severe accident sequence i.
challenges, as identified by the most recent
NUREG-1150 research, which can conceivably Consequently, all factors affecting plant risk should he
threaten dry PWR containment integrity. Potential considered in a program to improve containment
improvements froen the draft issues Characterization erfomiance.

2Report are evaluated for their ability to arrest core
damage, prevent or delay contairunent failure during Because of time and budget constraints, this report
postuinted severe accidents, or mitigate the offsite analyns only PWR containments that operate at atmo-
health consequences of a fission product release. spheric pressure, with Zion being chosen as tie refer.
Accordingly, a risk analysis has to be performed i ence plant. Subatmospheric containments such as
correlate containment challenges, resulting conse- Surry are not specifically analyzed in this report,
quences, sequence frequencies, and potential improve- although some of the conclusions reached may also be
ment benefits. Potential improveme:nts and benefits applicable to this type of PWR containment as well.
are considered for each contamment :ballenge. The fact that Zion was used as the reference plant for

the atmospheric PWR containment should also be
stressed. As a result of this choice, some of the results

A quantitative risk analysis is presented to correlate may be specific to Zion; applicability to otler sites
severe accident sequence frequencies, containment

would have to be verified on a plant-specific basis.
failure mode probabilities, and the magnitude of the
offsite consequences. As seen in Equauon 1.1, the risk

The analyses in this report are based on tle June
from operation of a nuclear power plant stems from all 1989 draft NUREG-il50 analysis of the Zion
these factors:

plant.1M The methodology used is explained in detail
in Section 2. Brictly, simphfied containment event
trees (SCETs), each consisting of 14-15 top events,

RISK. = (FREQ, * CRMP., were developed from the large 72-question accident

i ri progression event trees ( APET) used to analyze the
Zion containment response for draft NUKEG-1150. A
base case SCET was constructed for each of tie domi-

{ * CONS, tFP,')) ( l .1 ) nant Zion plant damage states: (I) loss-of-coolant

i

. . - - .-
. _ .

._ . . . . . . _



accidento (LOCAs), (3) station blockout (SBO), MACCS code genercles conditional offsite con-
(3) transients (including anticipated transients widu sequences for each set of source terms input from
out scram), and (4) contaimnent bypass. Each of these ZlSOR, gererally for each accident progression bin.
plant damage states is defined in draft NUREG/ These conditional consequences are the last input
CR 4550 for Zion? 'Ihe SCETs were utilized to the needed to calculate risk using Equation 1.1. For this
greatest extent possible in analyr.ing the effects of the report, Ove risk measures are reported: (1) the mean
potential improvements on containment response. The nurnber of early (acute) fatalities per reactor-year of
details of how this was donc are provided in Section 2. operation, (2) the mean number of latent cancer

fatahties per reactor-year of operation,(3) the mean

To reduce tte number of source term calculations, dose (in persorwrem per reactor-year) within 50 miles

tte end states of the SCETh were grouped icto accident of the plant, (4) the mean dose (in person-rem per

progression bins in accordance with the binning reactor-year) over the entis r 1000-mile MACCS

scheme presented in draft NUREG/CR-4551 for calculational grid, and (5) ti.e 'nean of f site costs

Zion.d This scheme groups together end states that 6 per reactor-yeart
|

have similar characteristics of containment failure
mode, type of reactor vessel breach, amount of core _ The authors would like to emphasize that polar

concrete interaction (CCI), etc. The details of the estimates of nsk were calculated for this report. There

scheme used to bin the SCET end states are presented is an uncenainty range associated with each of these
riumbers, either because of stochastic variations or

in Section 2.
lack of knowledge. These uncertainties have not been
fully evaluated for this report, sinn a full unattainty

For each accident progression bin produced by analysis was beyond the specified scope of work. In
grouping the SCET cnd states, a source term must be some instances, sensitivity cases have been run in an
calculated so that offsite consequences can te deter- attempt to provide an estimate of ur certainty. How-

{ mined. As in the draft NUREG-1150 analysis of Zion, ever, the reader should keep this limitation in mind
the ZISOR parametric source term generation code when using any of the risk estimates in this repon.
was used to do this.d For each accident progression
bin, ZISOR parametrically calculates imponant char. A word of caution should likewise be added about
acteristics of the containment release. Examples of the numter of significant figures associated with the
these characteristics are the time and duration of the re- values in this report. In rr.ost cases, the codes used in
lease, the release fractions of the various nuclide de analysis provide two or more significan' figures.
groups, and tie energy of the release,in all of the cases The authors generally have reported all values using
in this report, point estimates of the source terms were two or three significant figures. However, this does
obtained using ZISOR. This is an important technical- not sigrufy high confidence in these values to this level
ity that will be discussed in more detail in later of precision. On the contrary. our level of knowledge is
secuons. hmited to, at most, one significant figure. The impor-

tant point is that tte reader should oot take the values
The source terms generated with the ZISOR code in this report literally to the second or third place after

are input to the MELCOR Accident Consequence the decimal, tecause the values are not really accurate-
Code System (MACCS), along with site data from ly known to that level. As an example, a reported value
the Zion draft NUREG-1150 MACCS deck. The of 0.167 should probably be interpreted as 0.2.

2
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2. METHODOLOGY

This section desenbes in some detail the method- The full 72-question APET for the Zion LOCA
ology used to construct and quantify the SCETs It also PDS is listed in Appendix A for reierence. The first
describes the process used to bin the SCET end states step in conatructing the SCET ts to select the summary

into accident progression birn, the use of the ZlSOR questions from the APET that will represent the top
code to generate source terms, and the use of the everas in the SCET. For me LOCA PDS, tte following

MACCS code to calculate consequences. Readers in- questions were chosen (the question numbers refer to

terested primarily in the results of the analysis rather tte APET listed in Appendix A).
than the details of the analysis itself may omit this
section. 1. C1 - #11: Event Cl questions whether there

'

is pre-existing containment leakage.

2.1 Construction of SCETs 2. vB - #23: Event VB questions whether
reactor vessel breach occurs.

SThe EVNTRE event progression analysis code 3. E-SPRY - #24: Event E-SPRY questions
provided the essential tool for developing SCETh from whether containment sprays are available
the large APETh used for Reference 4 The Zion APET prior to vessel breach.
consists of 72 questions or top events, with most ques-
tions having multiple branches (see Appendix A for a 4. FLD - #31: Event FLD questions whether

"

listing of a representative Zion APET). Because the the reactor cavitv 's flooded or dry at the time
APLT is so large and complex,it cannot be graphically of vessel breach.
represented; it exists oe' r as a computer input file. The
APET's complexity makes it very useful for detailed 5. HPME - #35; Event HPME questions
evaluations of containment response but die analysis is whether high pressure melt ejection occurs at
similarly complicated and the results can be difficult to the time of vessel breach. :

interpret without highly detailed knowledge of the
analysis. One of the goals of this analysis was to con- 6. EVSE - #40: Event EVSE questions
dense the information contained in the APET into a whether a significant ex-vessel steam explo-
form that can be graphically displayed so that individ- sion occurs following vessel breach.
ual paths through tle event tree can he visually traced
out. Thus, there was a need to construct SCETs. 7. E--CF- #42: Event B-CF quer. ions wheth-

er contairunent failure occurs at, or shortly af-
ter, vessel breach.

Rathe? than the 72 questions in die Zion APET, the
SCEh each have at most 10-20 questions. In addition,

8. Sl'RY - #43: Event SPRY questions theall branching in the SCETs is binary. Tertiary and high-
*r order branching was eliminated in order to simphfy avadability of containment sprays following

vessel breach.L ue paths through the tree to the greatest possible
.

#" 4 CCI - #50.55: Event CCI questions wheth-
er there is either a prompt or delayed core-

2.1.1 Branching Structure Determination. concrete interaction (CCI) following vessel
The skeletal structure of each SCET was developed by breach.
using the sorting feature in the EVNTRE code. This
featere allows the user to select summary questions 10.1 -OP- #64: Event L-OP questions wheth-
displaying the relevant accident progression phenome- er late overpressure containment Iaiture

,

nology from the APET and sort the output of the APET occurs.
on dese questions. The result of this sortmg is a great.
ly simplified event tree, whose top events are simply 11. BMT- #68: Event BMT questions whether
die summary questions arranged according to the order basemat melt-through occurs.

specified in the sort. The sorted output file from
EVNTRE provides the branching structure for the To obtain the sorted output file that contains the
SCET. To make this concept more concrete, the base branch structure information for the SCET, the
case SCET for the LOCA plant damage state (PDS)is EVNTRE code is run usmg die LOCA APET as die
developed in this w : tion as an example. tree input file, with a binning input file constructed to

3
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A in

sert the output on the above !! questions. The a point estunate run can te drastically different from
EVf(TRE code irntially had to be run in de point esti- results obtained in the sampling mode. However, this>

mate mode (mode 2), because the post-processors limitation was overcome to a degree, as will be ex-
needed to evaluate output from the sampling mode plained shortly. The bmmng input file and the sorted
were not available at the beguming of this project.'Ihis output from the point estimate run for the LOCA PDS
can te a fairly severe limitation, tecause the results of will be presented Erst.

Zion 1AX'A Input dinnlag Fue

il Cl Vit E-SPRY FLD HPME EVSE E-CF SPRY
* CCI IAP BMT

2 2 C1 -Cl $ Pre-existing cont. leakage
1 1 11

1

Cl
1 2 11

/1
No-Cl

2 2 VB No-VB $ Wsnelbreach
i I 23

/1
VB

1 2 23
1

No-VB
2 2 E-SPRY noE-SPRY $ Eady sprays
! I 24

1

E-SPRY
l 2 24

/1
noE-SPRY

2 2 FLD Dry $ Amount of water in cavity
1 1 31

1

Wet
1 2 31

/1
Dry

2 2 HPME No-HPME $ High pressure melt ejection
1 1 35

1

PrEj
1 2 35

/1
nPrEj

2 2 EVSE nEVSE $ Ex-vessel steam explosion
1 1 40

1

EVSE
I 2 40

/1
nEVSE

4
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Eien thCA lapet Binning Flee (continued) ' |
. :

' o

2 . 2 ' E-CF " noE-CF. $ Early Cont. Failure ;
I - 1 42

~

j

/4 . 4

E-CF= '

1 2 '42 e

j4. >

noE-CF i

2 2'. SPRY noSPRY 5 Sprays aher vesselbreach i

1 1' 43 |i

1 :
' SPRY j,

i- 1 2 43 r

/1 i
noSPRY ;

2 2 CO NcCO $ Core-concrete irneraction |
2 1 50 55 |

1 + 1

PrmCO DidCCI 1

2 2 50 55 ,

/1 /1
~

noPrmptCO noDelydCCI I

2 2 IM)P noL-OP $ Late overpressure cont, failure 1

1 1 64

/5
OP- COr

,

1. 2 64 r

5
'

!

noOP-CC
2. 2 BMT noBMT 5 Basemat meli 4hrough

*

1 1 68 ;

/3 :
BMT

1 2' 68 ,

3

!.
.1

noBMT

11 1 2 3 '4 5 6 7 8- 9 10 11

CI VB E-SPRY PLD HPME EVSE E-CF SPRY !
CCI L-OP BMT

h
.

$

,

O

P

P
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Sorted Outped for LOCA FDS -

--

1

.a
_

Q VB E-SPRY- FLD HPME nEVSE no&CF SPRY CG noL-OP noBMT '
IA323&ot tA323&o4 IA323FA4

' CI VB E-SPRY FLD IIPME nEVSE ne6CF SPRY- NcCO notM neRMT
~

2.8646 5 04 2.864A&os 2.8646FA4 2.8646rA4 IA323&o4 . I A323&et - I A323rA4 -
G VB E-SPRY FID NMIPME - EVSE noEX F SPRY CCI noL-OP . noBMT

!.1598 & O3 1.13mt&O3. 1.3,waFA3 e

C VB E-STRY FLD No4tPME EVSE nob-CF SPRY ~ NaCG noL-CP neBMT
23396FA3 2.31965-03 2.3396E-03 : 1.1599 5 03 1.1598E43 1.33ang.c3 -'

C VB E-SPRY FLD No-IIPME - nEVSE E-CF noSPRY CCI not OP neBMT

- G VB E-SPRY FID No4tPME nEVSE no&CF SPRY CO
~

34333E-05 - - 3.6333&o$3.63328-05 -3.6333&c5 3.6333E-05 -

nal OP noBMT '
2.0925 5 03 2D925&o3 2D925&O3

CI VB LSPRY FLD No-tIPME nEVSE anB-G SPRY NcCG ~ .. net OP noBMT

G VB ESPRY Dry No-IIPME hEVSE
~ 23292E-03 23292& O3 2.3674E-04 23674E-04 2.3674 & o445716B-03 4.6832B-03 2.3655FA3

B-CF noSPRY CCI noL-OP noBMT
2.2624 & o7 2.26246 07 - 2.26245-07 2.2624E-07 2.2624E-07

E-SPRY Dry NMIPME nEVSE no&CF SPRY CG not OP noBMTG VB
_4.9999 5 03 2.8280FAS 2.82805 45 2.8280E-05 2.8054 5-05 2.8054 & o5 ' 2.805454A5 2.80545 45 2.8054E-054.9999FA3

C No VB E-SPRY FI.D No-HPME nEVSE nob-CF SPRY NaCG noL-OP neBMT
73904& o8 7.39048-08 73904E-08 73904G08 7.3904E-08 7.3904 & o8 7.3904 & o8 7.3904E-C

G No VB E-SPRY Dry No4tPME nEVSE rw&G SPRY NeCCI nal OP naBMT .
5D000FA 3 8.4088E 08 8A088FA8 ID184508 D 845-08 :A184&O8 1D184&os tDI84&os IDI84&o8 IAf84&Os 1D1845 0s
NW VB B-SPPY FID . HPME =EVSE no&CF SPRY CCI not OP BMT

3.7005FA3
e No-CI VB ESPRY FID HPME nEVSE no&CF SFRY CG noL-OP noBMT

2.8502FA2 2.8502E 02 2.2n02FA2
No-CI VB E-SPRY FID HPME nEVSE no&CF SPRY NeCCI not-OP noBMT

* 5.70055-02 5.7005E 42 5.7005E-02 5.7005& 42 2.8502E-02 2.85025-02 2_85025 42
No-CI VB E-SPRY FLD No4IPME "Ev5E no&CF SPRY CO - noL-OP BMT

6.9241FA2
No-CI "9 E-SN.Y FLD No-HPME EVSE no&CF SPRY CG not. OP nob M

23080E0I 2.30805 48 f.615AE-01
No-G VB GSPRY FID No-HPME EVSE noE-CF SPRY NeCCI nel OP noBMT

4.6361&ol 4.6161 6 0I 4.616tE-01 - 2308 t E-01 230815 41 2J08tFAI~

No-CI VB E-SPRY FID No/rIPME nEVSE E-CF noSPRY CCI nal-OP nob M
7.2302 5 03 7 23025-03 7.23n2503 7.2302&e3 7.2302E-03

No-CI VB E:.3 PRY FID No-4IPME nEVSE noE- G SPRY CG not OP BMT
3.6A37&Of

No-CI VB E-SPRY FLD NMIPME =EVSE noE-CF Silty CCI not OP naBMT
4.164n501 4.1640&ol 23003& 41

No-CI VB E-SPRY FLD NMIPME nEVSE no&CF SPRY NeCG not OP noBMT

No-CI VB ESPRY Dry No-HPME nEVSE LG noSPRY CCI '
4.73115-02 4.713 8E-02 -9.89365-01 93235B-01 4.7074E-01 4.635:5-01 4.63515 48 4.71115 42
not OP noBMT

.4.5021 5 05 4.502iLOS 4.502IFAS 4302IE-05 4.502iFA5 >
No-CI VB GSPRY Dry No-HPME nEVSE no&CF SPRY G'I not OP SMT

2.233tE-03
No-G VB LSPRY ~ Dry No-HPME nEvSE no&CF SPRY 'CG anL-OP nob M

_

9.9498 & 01 9.94988-01 5.6277503 5.6277B A3 '5.62775-03 5.58278-03 5.58275 43 5.58275 03 5.5827& e3 33494E-03
No-CI No VB SSPRY FLD No-HPMt mEVSE no&CF SPRY NcCCI not OP noBMT

IA707E-05 tA707&o5 tA707FA 5 tA707E 05 tA7075 45 IA70'E 05 IA707&o5 tA797E 05 .
No-G No VB ESPRY Dry NM{Phe nEVSE noE-CP . SPRY ~ NeCG not OP noBMT

9.9500&Ot f.67335-05 1.67335 05 _ 22267E-06 2D267&o6 2.01675 06 2D267E 06 222675 06 222675 46 2D267E-06. 2D267&en '

.

-

9 ed-w' y ,.g - ,.y- -. W $ gW gi g-,.} , y ,,+.m_, .m g-m,, ~,%_____ ._ m_ mm ____ m __,a



_ _ - - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ .

he SCET branching structure is obtained from this accurately model the APET results. An example of this
soned output by tracing lines through the output, stan- type of problem is seen in the comhtional probability
ing at the lower left hand comer, with brarrhes at each of early contaitunent failure antibutable to direct con-
point where the conditional pmbabihty changes. The tamment heating (DCH). Le point estimate evalua-
first nveral branches for the LOCA SCET have beer. tion of the APET does not predict any failures of this
outlined in the sorted output above to illustrate this type. On the other hand, Reference 4 indicates that the
procedure. The split fraction at each branch is calcu- conditional probability of DCH failure, given the
lated by dividing the sequence fraction at the branch m occurrence of the LOCA PDS,is -1.7 x 10-3. Because

question by the fraction at the preceding point in the the post-processors needed to extract a composite
SCET. For larger SCETs with more top events upon soned output from an APET evaluated in the samphng
which to sort the APET output, this procedure quickly mode were not initially available, a method was devel-
becomes unwieldy to perfonn by hand. To automate oped to reduce tle impact of having to sort the APET
the construction of tre SCETt from the soned output, in the point estimate mode. The key to this method is
use was made of an interface code currently under the use of t% TVNTRE frequen y output file gener-
development by Science Applications International ated fruin a sampling mode evaluation of the APITT.
Corporation (SAIC) called ET-LOAD.6 This code This file, as discussed in Reference 5, provides the
reads the sorted output file from EVNTRE and con- reahzed split fractions for each question in the APET.
structs the SCET using SAlf"5 ETA-Il event tree A particular split fraction in this file is actually the
code.7 The branching structure and split fractions are conditional probabili:y of taking that particu'ar branch
determined automatically by ET-LOAD. Note that the of the APET. By referring to the appropriate question
soned output indicates ths urly containment sprays in the APLT, the corxlitional probabihty of DCH fail-
are always available in the LOCA PDS. Derefore, in ure, vessel breach, basemat melt-through (BMT), and
order to further simplify se event tree, the column other parameters of interest can be determined. The
headed by event E-SPRY was deleted. frequency output file for the base case LOCA PDS is

shown in Appendix B.

There is a further limitation in that the EVNTRE
code is set up to son upon at most ten questions. his F gure 2.1 shows the LOCA SCET obtained from
limitation was overcome by making a modification to

3 p g
the EVNTRE source code to allo ~ use of up to 20 son g gg g f
parameters. However, this same hmitation also exists the SCET in Figure 2.1 to obtain agreement with the
in the version of ET-LOAD obtained from S AIC.

sampled frequency output.
Because the source code for ET-LOAD was un-
available, the allowed number of sort parameters could
not be increased. Therefore, for larger SCETs, the 2.1.3 Blnning of SCET End States. The text
branching structure and split fractions for the last few step in the analysis is to map the end states of the SCET
questions had to be input by hand. into the set of accident progression bins defited in

Reference 4. his mapping is required in using the
2.1.2 Split Fraction Evaluation. As mentioned ZISOR code to generate source terms for the con-
above, the pomt estimate split fractions are calculated sequence calculations. Binning the SCLT end states is
by dividing the sequence fraction at the branch in ques- a two-step process. First, an i!VNTRE input file must
tion by the fraction at the preceding point in the SCET. be created to describe the SCET.This file is analogous
However, because these split fractions were obtained to the APET file listed in Appendix A but it desenbes
from a point estimare evaluation of the APET, the the SCET instead of the 72-<1uestion APET. De file
SCET with these split fractions may not always that describes the LOCA SCET is listed as follows:

Zion Simplified Containment Event 'the (SCET)

10

NQ
l 1.000

LOCA
I ls there pre-existing containment leakage?

2 CL ncCL
i 1 2

0.005 0.995

*/

* *
.

.
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Zion Simpiined CMininment Event 1he (SCET)(continued)

:: . . ~ .
a

2 s Does the scactor pressure vessel fail? 9
O 2. .VB- . ncVB, - .

i 1. '2
0.9999832 : 0.0000168-

3 Is the reactor cavity flooded?'
<

. 2; FLD, noE D--
~

2 li- 2.
,2 -, m ,

'

:1 22'

'
1.,

- n. . - VB --
0.9943 ~ 0.0057-

' Nherwise-

' 0.879 = 0.121-

M . 4 -| M HPME occur at vessel failure?
2 HPME ' noHPME '- .

12 - 1 2-
'2

'
> ,

'2 : 21 - 3
>

- 1- e:g
.W VB: FLD
v 5.80E-02 9.42E-01

Otherwisc
, , . . .0.000: .1.000-

' 15 : Does a large ex-vessel steam explosion occur?
,

2 EVSE - noEVSE.
-2 1-' 2

.a. :
,

2-
-3 2' 3 4-

.. l' * 1 * 2
'VB- .FLD , noHPME

,

' 4.95E-01 5.05E-01
Otherwise - ..

0.000 .1.000
6' Does'early containment failure occur?-

2' F,-CF nob-CF
2 1 2

9. 4 *

n- 5- l' 2 3 4 5
2 + t o 1: * 1 *.2-

i noCL VB FLD HPME noEVSE
2.50E-02 9.75E-01

4 2 3 4- 5
1 * 1 :* 2 . * 2

VB FLD noHPME- noEVSE
- 1.50E-02 9.85E-01

12. 2 3, - -

,iM I *2'

.-" VB noFLD -
a 8.00E-03 9.92E-01
}U Otherwise

0.000 -1.000
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'
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A Einn Simpiined Containment Event he (SCET) (contimmed) -f 4
,

,
,

tr e
, Sprays aher vessel beach? -

- o

t7
. . :t y t, _ , .

>.
.. .

i ''

# 2: ' 'SPRYc : noSPRY ',

2; '1 2 > '. .-

2 lF. ,g. .+
,

"

J _. 2 E ' L 4. ,6'
'

!2 - *, .1 f q'
,

,
_

'?4 '* noHPMEi ''E-CF-
.

,

O.000- 1.000 - . -

Otherwisc . .

,i C e
.

' -

. 0,000 ; i
E* : e.

.

,1,000' :, .< ,

8- Does core-concrete interaction occur? t
2' 4 CCI - , noCCI -.,1

(, > , -2 e i :1- 2[ _

'

,

0
''

. :q }' ..

t 1- a- 4
'

--HPME--

-b 5.00FA1: 5.00E-01 - 4 '

Ni.'a
'

l' 5
M :lJ H'

4 -

'EVSE .

i,- -

t- 5.00E-01 5.00FAI Ln;
~A .5' 2. 3 4: :5 6~
,c ,- 1: ;*'l' * 2 *:2 * 2 , a

,

t -VB FLD noHPME - noEVSE noE-CP'.,

b ' 8.98FAl - 1.02E-01.' a'

2- y-
n,.-

1, s

v-

2
,

noVB
o . L 0.000 . 'l.000
.. Otherwise -
''- ='l.000 - 0.000-. ..

.

9. Does late containment overpressure failure occur?<

.2 1AOP- . nole-OP - '

7- If .2'
'

'

G- l' .

2 -* I
6 8 *

:2 ?*
JnoCL noE-C CCI --

'9F d-04 9.991B-01
w..

1.000 ',
,

,f i nat melt-through occur?.s

m. T noBMT'

1 2
--a

.;

'

<1 2 4 6 8' 9o 5-s
2 :* l- *: 1 * 2 * 1 * 2

'

'noCL - VB . HPME noE-CF CCI noL-OP
, 2.0E-01 8.0 F A I-

.. !7- 'l 2 4 5 6 8 9
& 2 * 1 * 2 * .1 * 2 * 1 * -2

/ s- :noCL VB noHPME EVSE noE-CF CCI nole OP
nit ,

. 3.0FAI ~ 7.0E-01"'

7 1 2 4.- 5 6 8 9
2 * 1 2 * 2 * 2 * 1 * 2'

noCL VB noHPME ' noEVSE noE-CF CCI noL-OP
4.0FA1 6.0E-01

4 Otherwise
'

' O.000 1.000
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~ iDe second step is to construct a binning file that . represents a characteristic of the sequence that may j, .

assigns each end state of the SCET to one of the acci- affect the source term (see Table 2.4-1 in Reference 4 ' |J
<

+
. (dent progression bins denned in Reference 4.This file for a descripuon of these characters). De Sie used to ;

'

^.,
M ,will serve as the input binning $le for evaluating the assign these character vectors to the end states of the . J- =|

T . SCET Sie above using the EVNTRE code. his is ex- LOCA APET in Reference 4 is shown in Appendix C. =
actly analogous to what was done initially with the full ' L.isted below is the analogous buvung file developed : 1

'

APET. De only difference is that now the SCET is ' for the LOCA SCET. De question numbers in this file'-
being evaluated. Reference 4 uses 12-dimensional refer to the questions in the SCET, with the questions ']

.

,

character vectors to identify the Zion acadent progres- numbered consecutively from left to right, starting ;
7 sion bias. Each of the 12 components of the vector - with question 1.

'*

26on SCET Binning - 12 Characteristics -]y ,

[ .12 CF 'nme - Sprays . CCI RCS-Pres VB-Mode . SGTR . Amt-CCI . Zr-Ox HPME - CF-Size
"

||- RCS-Hole CD 'nme.
:7 - 7 : A. B L C D E F G

'

$ Char,1, Cont. Failure Time

' '
2 1 - l' -1 $ A Not Applicable |

.

1 /1
'

; Evem V, not submerged -
2 .2 '1: 1. $. B Not Applicable -

! , /1 . -

j":' Event V, submerged I
-

2- 3-! .6- $ C Early-CF 1
!- 1 2' g

CF before VB l
.1 - 4T 6~ $D CF-at-VB'

;
9 q; 1 :-

CFat VB
1 5 9 $E VLate-CF ''

3-
L-OP' l

- 1 6 ,10 $ F : Final-CF
l'
BMT'

'4 7 1 6 :9 10' $ - G - No-CF |;

2*2*2*2-
"SGTR or NoCF _ .

8- 8 ~A B C D E;F G H. $ Char. 2, Spray Status - 4I
1 1 7E $A Early sprays only; sprays fail at vessel visch. 1

2
esp only

:2 '2: 1 1 $ B Not Applicable
1. /1 .;
esp & ImSp only .

i
~ 2 3 '1 1 $C Not Applicable -

1 ' /1
. . esp,ImSp, & LSp only

1 4 7 $' D
1-
Sprays always available'

2 5 1 1 $ E Not Applicable>

l I /1
LSP only

:
t1

i2
1

_._____._._.__________m__._________.___.__.____________m_ _ _ _ _ _ _ _ . _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ .-- - _-
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Y Zion SCET Bhvhg- 12 Characterdics (coadinued) ;
' *

_

- '

.
v 2 . 6 -. ; l 11 $. F. Not Applicable -

,

' > -

'g' I L-/l;; ,,

4 LSp & VLSp only -

- $_G Not Applicable ~'
i.2, 7 1 _1?

'

.

1 ' ' /1 -4 1

VLSp only
: 2 i -- 8 L 1EI . $H Not Applictble..4

|4 1 ? /1
'

; No sprays -' '

.
i

. 60AlBJ.C'D E F . $ Chat.3,CCI !'W" . L6
t 2J l!3- 8 $A Prmpt CCIin dry cavity, -,

2~ 'l: ,

-|PmiptDry|
.. 2. : I - 1L = $ B: Not Applicable E2,'

| 1. - /1 -

..

- Prmpt CCIin shallow pool'

gy ~ 1.. 3 - 8_ -
'

.$ C4

2'

. NoCCI't

'
. .

4-3: 7e8: $-D-13
-1 1 -I

' ^
\

. 5 / l. 1 $ E Not Applicable
; Pimpt CCIin wet cavity _

22

- l < /1 -yn :__ ,
~

Short delay CCl-cavity not replenished -, ,

n; - o
13,.6-3 :7 8- $F CCI occurs after a long delay; cavity not replenished,,

- - -

'2-11

4 "LDlyd-Dry
.

4 ~ 4 Al- B C D' -$ Char.4, RCS Pressure before VB
-

I !=2' $A'
,

'2-
.

System setpoint pressure -

1
-

2,|211 1 $ B Not Applicable
q gj.a -

1
_

, High Pressure

#
.,

2' :3 2 :4- $C-

ili d 'l l''

i Intermediatee 3

W '2':4=2 4 $ D.-

5!? I .- 2 -
1 Low pressure

$' 6 6 _ AT B C'D E F $ Char. 5, Mode of VB

!!; ci- . I '. 4 $ -A
1:
PrEj

g." '

~ 3 .- 2 21 4 6 $ B
. 31 '1 22,, ,

+;
,

_ ; Gravity pour
! y;'[p i2' 3 'l- 1 $ C Not Applicable

.1 /1 -"4

Gross failure of bottom head<-

&,c ni.
. ,

,

|L

13"

%
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E6en SCET Bamming - 12 Charate (coatissed) -74
s

'

,

' ;( j f. ' '

gp 'g-.3:2 L" 4( 4 ~ 6 $.D:
._

"

O,l .2 V I .
.

'

,

, -

1 Alpha mode '
s !2, 5.I 1 . $ _ E. Not Applicable

' ~

.g , , 11 /1 - .
' .^ "

Rocket failure -j
__

~$F.!' -6-2,

~2 ;'

'
, -

. NoVB!
.

;31-13' A':B f C ' $ Char. 6, SGTR'

Qf,| -2: igo 3 :: =$ A Not Applicable
'M ' I _ ' /l '-

7.'4 SGTR 'w/no SORVs ' . .

h" 2)\2L1? 1- $ - B Not ApplicableE
-

' '

s , ? 1 i /1 . .. .
. SGTR w/ SORVs

2 3: 1 1, SC SGTR never occurs for LOCA PDS e
'

? 1 + 2"
$r, c

.

' NoSGTRL
'-

~

! 4 . 4 - A' B C 'D .

, $ ' Char. 7, Amt. of cose in CCI .

: m |6; ;-! 4 8? .4-5 6 8. _$.A-1

''

_l' 1 -+ (2 ~ 2 2 1)',

: 70-100% of core in CCI
'5 2 5 -- 8 :4 .5 6- $ -' B '-

'l'1;+(2 2 ,: 1 );i -

' '

. .
- 30-70% of core in CCI'

'

12' 3~l 'I< $C Not Applicable
1- /1 'd

I0-30% of cote in CCI
1. 4'8 $D-

'
i 2 ,

'No CCI -

W -2 -: 2_ A B -- $ Char.8 Zroxidation
1 -2 1<-l' -1- $A Not Applicable

1 i /t -
. Low Zr oxidation in-vessel .,

-_ e

.. 2 1: 1 $' B2
.

: -

1+ 2
Hi Zr oxidation in-vessel

'4 ~4 A--B C D $ Char. 9, HPME
Y. 1 14' $A

1

>40% of core
"

. 2 . 2'.: 1 1' $B Not Applicable
,

-l' /1 -

Moderate fraction (24-40%)<

,

~ 3'1 I $C Not Applicable
'

2
1 /l
Low fraction ( <20% )

g '1|.4f4 $D
1 2'

/ .NoHPME

I4
im

'

.I',
,

- I I' .

-,t
.

' 'i 1t
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in- |
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,
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1 6
' '

' Eion SCET Stanleg- 12 Characteristics (contiemed) |j
. p > ' g?

-

i ,1

..

,. 4
, ,

. -
f

. '
i? 70 ::7 A B;C'D,E:P.GL $'7Cher.10, Type of cont. failure t 3e

9( : 2L l' ! = 11 =$' , ' A Not Applicable - ',
'

,
,' *

1: /1- .

. y
,

L < 1C=c==--f i guptuse
.

'

,

_ 2L 4 < 6
'

. $ : B.'2. -

'

2 . 1,

Rupture .
'

"
.

a:
'

f L l+(: l" 1)+ 1
~

$C4' '3 1. 4 6 s 9: .
~

:
-

-|<

1

, , . 1.4ak ~ i. !L " .M
$' # 2 L4 1 -1. $'D Not Applicable :

];|1;J~ - 1. /l :
lb ' Shear <

b l 5 10- $E 1-

p' .I {
' '

BMT' . .. .

,

H 12- 6Jl' 1 $ F. Not Applicable-
1 !/1 .

, i'5m
!L ,. Bypass (SGTR) .

.4 7 'l 6. 9 10 $0 ~!

2 * .2 * 2 * ' 2 -' +

'

NoCF
12 2 . A B $ Char.11, No. oIholes in RCS - ,

, s

J '21 1 1'l $ A ' Not Applicable ]
'

l- ' /1 G
1 hole ';}

'

2 2 :1 J1, $B ^

a: 1+2
, .

#' 2 holes -

2 2oA:B $ Char.12 Time of core damage
'

$ A . Not Applicable q2 1: .1- 1' ,

li /1 1

Early CD
3

2;2 1 I - $B .

-

1+'2~ >
. . .

' Late CD j l
.

'

Di
,

q

y &

Comparing this file to the APET binning f'le in amount of CCI. Wherever possible in these cases, |

$ . Appendix C, it is clear that not all of the characters characters were eliminated based on their conditional R

could be used. 'Ihe reason for this is that some details probability of occurrence in the sampled frequency
of the accident prognession are unavoidably lost in the output file. !;

;

'

transition from the full 72-question APET to the :,

0, decidedly smaller SCET (the mapping of end states to Once the binning file is constructed, the EVNTRE
accident progression bins isinto rather than onto). code is run, with the file describing the SCET as input,: .

+: Examples where a reduction sometimes had to be along with the binning file needed to assign character: 1

made in the number of characters used to describe a vectors to the SCET end states. *Ihe result of this is an
vector dimension are the time of core damage, the output file that lists each accident progression bin
number of holes in the reactor coolant system (RCS), (identified by a unique 12-dimensional character j
the amount of zirconium oxidiud in-vessel, and the vector) and its conditional probability of occurrence. 1

p

.
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gy 4} ;2y ' ' fi
a t e o<

g This file forms the input for the ZISOR' source term ' Wctor Character - Description
! calculation. The ZISOR base case LOCA input file is g

[' 'shown as followsi TA1 70-100% of core participates in V'

W l core-concrete interaction -,
'

K .

SCET LOCA Accident Progressiosi Bins . a'
1

B; Large amount of rarcoruum ouda-
1q

h . Conditional Probability . Wctor tion occursirsvessel

2.8272B-05 :CDADBCABDCBB' D- No high pressure melt ejection -
. '8.4000&O8 L CDCAFCDBDCBB from the failed reactor vessel '

..
1.4417B-04 CDCCACDBACBB

1" 1.3967 & O3 <CDCDBCDBDCBB - C Contain;nent rupture L.,

" 1.4417&O4; CDDCACABACBB
. 2.0919B-03 - CDDDBCABDCBB B Two holes in the RCS,

'

j 1.1591B-03 - .CDDDBCBBDCBB

L4.5599B-05 | DAADDCBBDBBB,

B Core damage occurs late.,

7.0949 5 03 DAFDDCBBDBBB,

7.1725&D4 DDCCACDBACBB
' Die end state birming process was eninneed near the' '

7.1725 & O4 DDDCACABACBB.
5.0634 & O6 EDADBCABDCBB end of tie project wten the PSTEVNT post-processor

code became available.s The use of this code to auto :2.5176B-05 EDDCACABACBB.
3.74656-04 EDDDBCABDCBB matically map the end states of the SCET into ZlSOR

2.0759B-04 = EDDDBCBBDCBB accident progression bins is described in Section 4.

, 2.2484 5 03 FDADBCABDEBB
5.5895B-03 FDDCACABAEBB 2.2 Source Term Generation,

1.6636&O1 FDDDBCABDEBB"

6.9134 & O2 FDDDBCBBDEBB
"

3.3726B-03 - GDADBCABDGBB' A source term was calculated for each SCET acci-
1.6716 405~ GDCAFCDBDGBB dent progression bin using the ZISOR pararnetric
2.7973 & O2 GDCCACDBAGBB t.ourceterm generationcode 4Asmentionedcarlier,the,

2.7794B-01 GDCDBCDBDGBB= ' " input to this code is the file listing the accident pro--

2.2358B-02 GDDCACABAGBD gression bins and their conditional probabilities of ..1

,p 2.4954 & 01 GDDDBCABDGBB . occurrence (these probabilities are not actually used in dj '
.1.6131B-01 GDDDBCBBDGBB , the ZISOR code). As in the previom case of EVNTRE,

! A only peint estimates of the source terms could bei

A descr!ption for the first of these vectors, w obtained from ZISOR, since the necessary post-
L _ CDADBCABDCBB,is provided twre for reference, w processor (the PARTITION code)9 was not available. i

Further discussion can be found in Reference 4. * This limitation is discussed further in the paragraphs :|
'

!. ,which follow. I

Vector Character Description .
. 'i

Figures 3.5-1 through 3.5-4 in Reference 4 show a 1

C Containment failure before vessel comparison of the ZISOR results with those from the
W breach Source Tenn Code Package (STCP) for four accident

seque nces. As these figures illustrate, the point estimate q
D'' Contairunent sprays available isotopic ielease fractions calculated by ZISOR can dif-

a]throughout sequence fer markedly from the mean release fractions deter-
mined with ZISOR when using a Latin Hypercube

A Prompt core-concrete interaction Sampling (LHS) routine. In most cases, the point esti-
occurs in dry reactor cavity mate is lower than the sampling mean, sometimes by j

several orders ofmagnitude. Because of this, the condi-
D RCS pressure low (<200 psig) at tional consequences calculated with the M ACCS code, G

time of vessel failure using point estimate inputs from ZISOR, tend to be
'

,

lower than the consequence results pub!!shed in a
B- Gravity pour of debris from failed Reference 4.This is an inescapable problem, though not i

reactor vessel a severe one, that should be recognized when com- '

paring the CPI results in this report to the Zion results
C NoSGTR published in the June 1989 draft of NUREG-il50.,

<
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[Y'd For each accident progression bin, ZISOR calcu - Row 2/3: 1) Energyaclease rate cf first/secsnd ? [$''

' > ' - lases the characteristics of the release and the isotopic ; plunn in watts. . . . . .. .. Y %p
i'

:: lease fractions for each of the two allowable release : . 2) r raction_ of Xe and Kr released in thef''

g '%.
plumes. 'the ZISOR ou:put for the LOCA SCET acci. - first/second plume. .. , J

"'
:

U ' dent progression bins is shown below. Foilowing eact. 3) Fraction of iodine released in the first/. d'

. "
' ~ 12-dimensior.d character vector are three rows of ,

second plume.- .. ..

. - numbers, which lepresent the characteristics of the L 4) Fraction of cesiur.1 released in the "nt/f
second plume.: release, The meaning of each of these numbers (from -

5) Fraction of tellurium released in Ihe
,

,

4 ' left to right by row)is listed here for easy reference.
first/second plume, d

.6) . Fraction of strontium released in the i j

Rowli 1) Warning time in seconds; usually the nrst/second plume. O
, , "

time of core collapse. 7) Fraction of ruthenium released in the
: 2)L Time of beginning of early release in first/second plume.. .

seconds < 8) Fraction oflanthanum released in the '!
3) Duration of early release in Seconds. first/second plume. c;

~

4). Time of beginning oflate release in 9) Fraction of cerium released in the first/ t

' seconds. second plume. ,
. ,c

? 5) Duration oflate release in seconds. 10) Fraction of barium released in the first/ ,

6) Elevation of the release in meters. second plume." 4

4

ZISOR Point Estimate Results for SCET LOCA Accident Progression Bins'

I CDADBCABDCBB l
.lA40& N ' l.800E+N - IJ00E+03 1.980E4N 5.600E+04 1.000E+01

3.llib051 1.000E+00 8.653E-03 8.C33503 6.972E-03 1.001403 7.700 5 09 - 7.7005-10 7.700E-10 1401FA3 . 1
''

1.600E+06 J 0.000h00 OA00E 00 0.000E+00 2.132FA4 3.8MSO4 . 4.037508 : 2.180E-06 . 2.180506 ' 3.864&o4
1 CDCAFCDBDCBB .;

-lA40E+08, 1.800E+04 IJ00E+03'.l.980E+N 3.600E+04 ID00E+01 -!
3.IllE# t.000E+00 1.188&O3 ' 9.900&M ~ 6.300SO4 - 7.150&OS 5.000 5 10 5400611 5.000 & ll 7.150tAS 1-

~ .000D00 ' O.000E+00 OD00E+00 0200E+00 0.000E+00 0.000E 00 0.000E+00 CD00E400 -;l.600E On. 0.000E+00 0
4I CDCCACDBACBB

1A40E+GI- 18006 04 1300E+03 1.980E468' 3.600E+04 1200E+0i 1

3.IllE+05 1.000h00 . 4.950S03 4.950FA3 1.680& O4 4A20SO4 3A00E-09 3A00&lo 3A00&l0 4A20&ol = .

1,600606- 0.000&OO Oh00E+00 0.000 6 00 OD00E+00 0.000E+00 0.000D00 0.000E 00 0.000E+00 0.000E400
'b1CDCDBCDBDCBB-,;

I l.4WE+N 1.800 6 04 1.8006 03 1.980E+08 3.600 6 04 1.000E+0!
l; 3.lilE+05 . th00 BOO 8.613 5 03 8.613FA3 ' 6.972E-03 1.00llM3 7.700!M9 7.700 & I0 7.700&l0 - I A01&O3 i

,

|- 1.600D 06 0.000E+00 OS00E+00 0.000E+00 0400E+00 0.000E+00 0.000 BOO 0.000E+00 0.000E 00 0.000600 -

|.
?!CDDCACABACBB.
IA40b al 1.800& ol 1.800E+03 1.980E404 3.600E+04 1.000E+0i ,

' . 3.lilE+05, 1.000E+00 4.974 5 03 4.974FA3 1.680&ol 4A20&ol 3A00609 3A00E-10 3A00&lo 4A20E-M
1.600E+06 OD00E+00 OD00E+00- 0.000E+00 1.283& O4 2.326&ol 2A3|E-08 1.313& O6 1.313506- 2.326E on s

1 CDDDBCABDCBB
1A40& ol I.800E+04 1.800E+03 1.980E+N 3.600E+04 1.000E+01 ;

3.1IIDOS l.000E+00 8.653FA3 8.653E-03 6.972E-03 1.001E-03 7.700 5 09 7.700 5 10 7.700 6 10 140IFA3 ;

I.600606 0.000E+00 0.000&oo 0.000E400 2.132SO4 3.8M&o4 4.0375 08 2.180 6 06 2.180E06 3.864&ol
I CDDOBCBBDCBB ~'

iA40E+Gl 1.8006 04 1.800E+03 1.9806 08 3.600E+68 1.000E+01

3.lilbo5 . 1.000 BOO . 8.637503 8.637FA 3 '6.972 5 03 1.00lS03 7.700 5 09 7.700 S.10 7.700 & l0 IA01FA3 ;

1.600E+06 0.000h00 0.000 & 00 0.000E+00 1.254E 04 2.273&ol 2.3755-08 1.282FA 6 1.282E-06 2.273SO4
< l.DAADDCBBDBBB

1A40E+64 1.800E+44 9.000E+02 1.890E+al 3.600E404 th00E+01
6.222D05 1.000E+00 1.735FA2 1.735S02 1.239FA 2 1.780503 1.369 408 1.369E-09 1.3695 09 1.'80FA3
1.600th06 0.000 LOO 0.000E+00 0.000E400 ID78S02 1.955 & O2 2.082 5 06 'l.1035 04 1.103 & ol I.955SO2

e . I DAFDDCBBDBBBr

'lA40G G4 I.800E+N 9200E+02 1.890604 3.600E+48 ID00E+01
6.222E+05 1.000E400 1.53|S 02 1.5315 02 1.239502 1.780lM3 1.369508 1.3691M9 1.369509 t.780E03 7<

1.600E+06 0.000 BOO 2.0425 03 2D42FA3 ID78S02 1.955 S 02 2.082 6 06 1.103&o4 1.103& ol I.955E-02
l DDCCACDBACBB
IA40E+04 1.800E+04 1.800E+03 1.980E404 3.600E+44 ID00E+01
3.lilE405 1.000E+00 1.100lW3 1.100603 3.733 5 05 9.822 6 05 7.556&lo 7.556 & 11 7.556 5 11 9.822E-05
1.600606 0.000E+00 0.000E+00 OD00 LOO 0.000E+00 0400E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

,
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EISOR Point Es8imate Results for SCET LOCA Accident Progression Ginsjcontinued)

Y . 1 'l DDDCACABACBB"
'' '

..1.800E403 2 't.980E404 ' 3A00E4N ' . ID00E+01 .
.

1 A40E+04 : 1.800E+04 i->

: 3.lllE+05 ; ~ lD00E+00. 1.124FA3 < ' l.124fM3 J 3.73E05 -i 9.822S05 - -. 7.556510 ' , 7.556 Nil . 7.556 Nil ~ 9.822505 J,

IA00E+06 . 0.000b00 - 0.000Edm : OD00E 00 1.283SO4 ? 23261M4 J 2.431tbO8 - 1313FA6 - 1313FA6 2.326FA4 -
.I EDADBCABDCBB
1.440E+04 4.320E+04 - 1.800E+03 4300E404 ' 3.600E+04 - .1000601.

'

l.944E+04 - 0ADE+00 OD00FA0 CD00E400 OAE+00 OD00E+00 - 0.000E40 . 0J10011410 0000E40 OD00E+00
.l.944E+05- 1200b00 ; iS69tM6 . l.969S06 2.140E-04 s 8.899E-06 4.038 SOS 1 4.9551L08 - 4.955408. ' 8.899FA6,

# - 1EDDCACABACBB
I A40E+04 ^ 4320bN - 1.800E+03 4300E404 - ' 3.600E+04 ID00E+01- . . .

l.944 b M 0.000D00 0.000E+00 OA10D00 : OD00E+00 OD00E+00 0 AIDE 4 0 - DA10E+00 OAOD00 OD00D00
1.944E+05 ID00b00 ' l.158406 : 1.158 S 06 1.284FA M $338E-06 2A311M8 2S83 FAB 2.983FA8 5.338FA6
iEDDDBCABDCBB
IA40E+N 4320E+04 1.800E+03 4.500E404 - 3.600E+04 ID00E+01-
1.944 b N 0.000E+00 0.000'!410 .OD00E+00- OD00E400 OD00E+00 OA10E+00 0*E410 0.000D00 OD00E+00

- 1.944E+05 - ID00 BOO l 969tM6 I969506 2.140EM4 8.8995 06 4J08&O8 ' 4.955408 4.955 5 08 8.899S06
1 EDDDBCBBDCBB.,

' 3.600E4N ID00E+01
'

1A40E 44 4320E+N . l.800E403 4300E+04 -
- 1.944bO4 ~ 0.000E4to 0.000 BOO - OJMOE+00 DD00 BOO 0.000 BOO OAiob00 OJX10E410 - 0.000D00 OD00Ei+00
1.944b OS 1.000b OO l.573506 1.573E-06 ..l.2621M4 5.283FA 6' 2375FA8 2.915FA8 . 2.91508 5.283f M 6

-1FDADBCABDEBBi

1 A40E44 8.MOE+04 - 1.800E+03 i 8.820E404 3400E404 . OD00E 00
0.000E+00 0D00E+00 0.000E+00 OD00Ea00 . 0D00E410 OD00E+00 OA10D 00. 0A0E410 OR E 40 DD00E400
0.000E+00 - 5.0005 03 1.941E-09 1.941E-09 ~l.691FA 9 4.800 4 10 2.863 5 14 1 A54Nl2 l AS4Ll2 . 4.000Eblo
I FDDCACABAEBB
IA40E+04 8.MOE 04 1.800E+03 8.820E+N 3.600EMM OD00lldo
0.000E+00 0.000E+00 = 0.000E+00 0AE+00 OD00E410 OD00 BOO 0.000E+00 OAinEdo OR E +00 OD00E+00
OD00E410 5.000 4 03 . l.Il6tkO9 1.1164 09 1.229N10 2.533 S 10 l.696 414 8.751 & l3 835tbl3 2.533610

-1FDDDBCABDEBB
I A40E+N - 8.640bN 1.8006 03 8.820 6 04 : 3A00E4N 0.000600
0.000E+00 - 0.000 BOO OD00E400 OD00E+00 OD00E400 : OD00E+00 OA10E+00 OA10E40 ' DA10E+00 0.000E400
0.000Edn 5.000!bO3 IS41E-09 1.941509 1.69tFA 9 4.800 6 10 2.86584 I AS4612 . I A54N12 4.800Ebl0
iFDDDBCBBDEBB.
IA40E+N : 8.640 b N : 1.800603 8.820EMM 3.600E44 OD00E+00

'O.000E+00 0.000b00 0.000E+00 OD00E400 ' 0D00E4x) OD00E40 Oniob00 . _0D00E410 OA0E400 0.000E400 :
OD00600 SD00fkO3.-1.930l%09 1.930FA9 l.633409 3.740L10 1J54484 8.552Sl3 8.552 & l3 3J40tbl0:
1GDADBCABDGBB
l.250E+03 3.650E+03 1.800603 ^ ID25E+04 2.160E4N OD00E+00
3J00E+06 0.000E+00 : 0.000E+00 - 0.000D00 -- OD00E+00 0.000E+00 0.000 b 00 OJXX1E+00 OA10E+00 0.000E+00
IJ00E+05 5.000FA3 1.941409 1.941E-09 1491SO9 4.800N10 2.86Ll4 IA54 N12 I AS4S12 4.800G10
1 GDCAICDBDGBB
1.250E+03 ' 3.650bO3 .l.800E+03 ID25E404 2.160E404 0.000E400
3300E+06 OD00E+00 nacE+00 0.000E*00 ' O.000E400 ' OJXX)E400 0.000E+00 OJK E +00 0.000EM 0.000b00
IJ00E+05 - 5.000S03 2.640Ebl0' 2.200Gl0 . l A00N10 -1.589 Nil I.111 5 86' l.IllE-17 1.111 4 17 1.589 Wil
i GDCCACDBAGBB-
1.250bO3 3.6MbO3 J 1.8006 03 1D2SE 48 2.160bm 08 E +00

" 3300E+06 : ~ 0.000E+00 OAX)E+00 0.000D00 OD00E+00 OD00b00 = 0000 EMU OA)0D00 > -0A10E+00 OD00E+00
IJ00E+05 -5.000S 03 1.100lbo9 1.100FA 9 3.73 Ell 9.822&ll - 7.556 & l6 7 556 & l7 7.556NI7 9.822Lil
1GDCDBCDBDGBB
1.250E403 3.650E+03 - 1.800E+03 . ID25E44 2.160E48 0.000E+00
3300E+06 - 0.000E+00 0.000E+00 0.000E+00 0.000E >00 0.000 BOO Onob00 : 0.000E+(0 OA10E+00 0.000E+00
'lJ00E+05 5.000E-03 ISl4SO9 1.914fM9 'I.549409 2.224N10 1311 515 1311N16 IJilbl6 2.224G10
11 GDDCACADAGBB
1.250603 ' 3A50E+03 1.800E+03 . lD25E+N 2.160E44 0.000E410
3J00606 0.000 BOO OJ000E+00 0.000E400 0000600 0.000b00 0.000b00 DA0E410 0000E+00 0.000E+00

'1 IJ00E+05 5A100503 1.116509 1.ll6SO9 1.229 &lo 2.533Nto 1.696E-14 835tGl3 8351 4 13 2.533 & lo
IGDDDBCABDGBB
1.250E+03 3450bO3 , 1.800E+03 ID25E44 2.160bm 0.000E+00

' 3300E 06 0.000E+00 0.000 6 00 0.000E+00 0.000 6 00 OD00E4x) 0A10E 00 ORE 410 0.000Edo 0.000E400
1300E+05 5.000FA3 1.941409 1.941609 1.691 & O9 4.800L10 2.86514 1 A54W12 I A54Ll2 - 4.800Wlo
iGDDDDCBBDGBB,

1.250E+03 3.650E+03 1.800E+03 ID25E+04 2.160E 44 OJM)0 BOO
3.700E+06 0.000E+00 0.000E 00 OD00E+00 0.000E+00 0.000E410 0.000EHU ORE 40 OAiOE400 0.000E410
IJ00E+05 5AnS03 1.9305 09 1.930S O9 1.633fM 9 3340610 IJ54S14 8.552NI3 8.552 & l3 3J40Nio
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? 2.3: Consequence Calculations 2.4: Evaluation of Potential
Containment Improvements

v

' A PC-based version of the MACCS codel0 was

used to calculate conditional offsite consequence:s for There remain two goals of the CPI program that:,

the source terms generated by I.lSOR. In order to limit affected the way in which potential containment -
'

' the computer time required for the consequence analy- improvements were evaluated. De first is simplicity:
; sis to approximately 12 hours for each PDS, accident the SCET for each PDS should be small enough to

. progression bins with similar source terms were _ allow the render to visualize each path through the tree .

grouped together before running MACCS. . and to perform desired sensitivity calculations more ,

quickly and easily than could be done with the full
APET. The second is a desire that.the results of the -

ne MACCS code is composed of three modules: SCET analysis be as close as possible to the published -

ATMOS EARLY, and CHRONC,which are exercised draft NUREG-Il50 results. %e purpose for the first
,

sa sequence. %is set of modules has been developed goal is clear enough. The purpose of the second is to .
~

lend a measure of credibility to the CPI analysis, since .
. for the purpose of evaluating the severe accident con,

it is by nature a " simplified" evaluation of a very com-
,

' sequences at commercial LWR power plants. MACCS
plex and uncertain problem. However, difficulties can

1.5.11 incorporates several improvements over carh.er. arise in trying to meet both of these goals simul-
- versions of MACCS arid codes like CRAC2 in the taneously. One such problem, the limitations of point
treatment of variable and long-term releases, deposi- estimate calculations of source temis, has already been
tion modeling, dosimetry, emergency response, long- discussed. Another closely related problem arises
temi mitigative actions, radiological health effects, when attempting to determine the risk benefit of a
and economic impacts, potential containment improvement.

ATMOS treats the atmospheric transport and de- As an example, the authors considered the sug-
position of material. EARLY models the effects on the gestion of intentional operator depressurization of the

surrounding arca during the emergency action period, reactor to prevent DCH. Because this issue is>

examined more thoroughly in a later section of thewhich can be up to one week in length. CHRONC mod. ,

report, it will only be briefly summarized here. The
,

els the effects of the accident in the time following the >

end of the emergency action period. Atmospheric trans. simple approach in evaluating this issue would be to"

merely eliminate high pressure melt ejection from theport is modeled in ATMOS using a straight line m
+ SCET by setting the conditional probability of the

Gaussian treatment of the plume. Plume depletion oc- 9 lower branch of event HPME to 1.0 for all cases. By
curs during transport as a result of radioactive decay and doing this, vessel failure at other than low pressure is

,

deposition onto the ground. Wet and dry depos. ion are eliminated r.ad early containment failure as a result ofit

treated as independent processes in ATMOS.The same DCH is eliminated. The conditional probability of
. initial seed was used to generate the pseudorandom early containment failure from in-vessel steam ex-
weather sampling for all of the MACCS calculations plosion (a mode failure) increases, because a mode
performed for this analysis. Rus, the weather pattem fa lure is judged by most experts to be more likely at
imposed by MACCS is the same for each release. Iow vessel pressure. However, the complete climina-

tion of DCH by depressurization through the pres-
surizer pilot-operated relief valves (PORVs)is

- As mentioned earlier, five offsite consequences are .

generally not predicted by the Zion APET constructed
used as risk measures in this report: (1) the mean num.

ber of early fatalities,(2) the mean number oflatent fa- fg the draft NUREG-ll50 analysis. The reason for
this is that opening the PORVs to depressuitze the

tah. .ues,(3 and 4) the mean population dose over 50 and reactor vessel does not always reduce the vessel pres-
t. 1000 miles, and (5) the mean offsite costs. Each of these sure sufficiently to prevent DCH. There must also be'

risk measures is reported per reactor-year of operation. an accompanying break in the reactor coolant system
as calculated using Equation 1.1.The conditional con. (RCS) equivalent in size to a medium LOCA
sr.quences calcul:'ted by MACCS fami one of the inputs (S2 break), such as an S2 initiating event or induced
to this equation. The actual calculation is done with a failure of the pressurizer surge line. Another result pre.
PC-based spreadsheet, using Lotus 1-2-3 software.Il dicted by the APET is that induced steam generator
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: tube rupture (SGTR)is climinated by operator depres. ~ (refer ts Reference 5 for the details of how to modify , |
'

surization. In addition, opening the PORVs can sig- the sampling input file). This modification was neces-'

.

' nifwantly affect the conditional probability of vessel cary to prevent the sampling routine from overriding

[- breach for some PDS groups. ' the split fraction specifwd in the APET.The modifwd
APET was then evaluated with EVNTRE in the sam-ts

! '1 pling mode (mode 3). The frequency output file' gen-'

The first means of coping with discrepancies ( erated by this evaluation was then used to adjust tie
'

: between the SCET results and those predicted by the split fractions in the SCET so that the results matched
'' APET is once again the frequency output file showing ' - those from the APET evaluation as closely as possible.

,

the realized split fractions for each event in the APET, For example,in the LOCA PDS, the APET evaluation -

[which is obtained by evaluating the APET in the . predicted that depressurization during core melt would
samplhg mode. For operator depressurization,' eliminate induced SGTR, The split fraction for event , '!

_ Question 16 in the Zion APET was modified as fol. SGTR in the SCET used to evaluate vessel depressuri- ;

lows (refer to Appendix A for the base case APET). zation was appropriately modified to reflect this, s
8First, the split fraction for this event was changed to Wien the PSTEVNT post-processor codc became ,

,

- allow a constant conditional probability of 1.0 for available, it provided a second, more automated - .j

oepressurization. Secondly, the sampling input file approach for handling this problem. The use of . ;

. was modified so that Question 16 was not sampled PSTEVNT is discussed further in Section 4. |
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. LOSS-0F-COOLANT-ACCIDENTS
. . .

3.9

De LOCA PDS group ai Zion is generally charac- meteorological Ales were used for these calculations.,
,

|, teriaed by a loss of RCS iruegrity prior to the time of ; he conditional consequences for each accident pro- '
,

core uncovery 8 However, two sequences initiated by gsessian bin are shown in Table 3.2.
'

;.
'U a mation blackout (SB0) are included in the SBO PDS

,

S

L even though they lead to induced failure of the reactor
These conditional consequences are now used incoolant pump (RCP) seals. Not all of the breakse

Equation 1.1 to obtain the annual LOCA risk for Zion.
. depsessurim the RCS enough to allow the low pressure Tele 3.3 compares he cdculed annud risk from se - ,J
injection system (LPIS) to mject. Therefore, some 2SCETs with the published values in Reference 4.
LOCA sequences will mvolve vessel failure at a pres- j

sure above the shutog head of the LPIS pumps unless I

a temperature-induced break of the RCS occurs or the As shown in Table 3.3, the risk calculated from the

RCS is intentionally depressurized. SCET is significantly less than that obtained in
Reference 4. Recall, however, that the conditional con-

i
tainment failure probabilities from the SCET do not i31 LOCA. Core Damage dige,,, ady from me pubiiew vaues.nerefore, the |

Frequency mas =(s) fw me dige=nce lie in me or more of me 1
# following areas. First, there could be a loss of infor-

|mation in binning the SCET end states into accident |

For this analysis, we have used the LOCA core dam * progression bins. Secos.dly, ZISOR could be under.
age frequency of 2.6 x 104 per reacem-year reponed est mating the source terms. Finally, a later revision of

.

; in Table 2.2-3 of Reference 4.
the M ACCS code was used for this report which
differed from that used for Reference 4. nis disparity j

3.2 LOCA SCET Results could ossibly lead to lower values for the chosen riskP
measures. Each of these possible causes is examined _

,

J

below.
De base case LOCA SCETis shown in Figure 3.1.

This SCET was constructed using the methodology
outlined in Section 2. Table 3.1 shows the contamment
failure probabilities, conditional on the occurrence of . was I st in the binning process was examined by per-

,

,

tie LOCA PDS, calculated from this SCET and com- f rming sensitivity studies on the cases where a choicc '
*

. pares them with the probabilities from Reference 4. had to be made from among allowed values of the b, -m
ning parameters. Bis choice clinunated some of the
parameters used in Reference 4. An example would be

. As this table shows, the conditional containment the time of core damage (dimension 12), in the
failure probabilities predicted by the SCET agree quite Reference 4 binning scheme, this dimension had two

s

well with the published Zion results. Note that the - allowable parameter values: early or late core damage -
most probable end states of the SCETinvolve eitherno (A or B, respectively). Since the SCET does not model I
containment failure or basemat melt-through (BMT). the time of core damage, a choice had to be m'ade ' -i

ine conditional probability of early containment fail- between these two allowed values for this report. %e
use (at or near the time of reactor vessel breach)is low, decision was made to assign all end states a value of B
'with the majority of early failures caused by et mode in dimension 12 in the vector describing t12 accident

'steam explosions. progression bin. In the sensitivity study for this case,
the opposite choice was made; all end states were

3.3 Base Case LOCA binned with a va ue f A in dunensi n 12. The differ-
ence in binnmg for this case, as well as the others that

' ~

' Consequence Results were run, was found to have inde or no egeet on the
'

annual LOCA risk. Thus, the limitations of the SCET

The SCET end states were binned into accident pro- binning scheme do not appear to significandy influ-
ence the anual risk for se WCA ES.

; gression bins and the ZISOR code was used to gener-

L ate source terms for these bins as described in
Section 2. %e ZISOR source terms were then further The next possibility is that ZISOR could be under-,

binned in order to reduce the required number of esumating the sourm term for the donunant accident
MACCS calculations. Conditional consequences were progression bins. As discussed in Section 2.2, only
then obtained for each accident progression bin group point estimates of the source tenns could be obtained
using the MACCS code. The Zion site data and from ZISOR.This leads to the use of source terms that
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- 4 iTatde' 3.1.' ' Corwistional cont:inment failure probabilities for the LOCA PDS
'

' '

Containment ConditionalProbability ConditionalProbability

* 1 Failure Mode (SCET) (Reference 4)'

7.43E-01 737001;T No containment 71

failure .

DCH- 1.43E-03 1.71E-03 +
,

cx mode . - 7.15E-03 8.15603-
.

Bypass' ' 4.97E-03 5.00B-03- ,

Late overpressure 6.13604 8.78E-04
,

BMT. 2.43E-01 2.46E-0I'

a. Bypass failuresinvolve pre-existingleakage.
.s

Table 3.2. Conditional consequences for the LOCA accident progression bins

;

Accident Mean 50-Mile Mean 1000-Mile Mean Offsite
Progression Mean Early Mean Latent Dose . - Dose ' Costs

Bin. Fatalities Fatalities (person-rem) (person-rem) ($) -
,

'CDADBCABDCBB 1.1E+00 . 6.0E+02 1.7E+06 3.51E+06 : .63E+08<

CDCAFCDBDCBB 63B-01 1.2E+02 3.9E+05 6.63E+05 6.2E+07

=CDCCACDBACBB 73E-01 4.0E+02 1.1E+06 231E+06 : 3.1E+08

CDCDBCDBDCBB 1,1E+00 6.0Et 02 1.7E+06 3.51F+06 - ' 63E+08 '
CDDCACABACBB 73 601 4.0E+02 1.lE+06 231E+06 3.1E+08 -

CDDDBCABDCBB' 'l.1E+00 6.0E+02 1.7E+06 3.51E+06 : 63E+08 -
CDDDBCBBDCBB- 1.lE+00_ 6.0E+02 1.7E+06 3.51E+06 63E+08
DAADDCBBDBBB- 1.4E+00 .1.4E+03 3.6E+06 9.09E+06 ' 3.2E+09
DAFDDCBBDBBB. 1.4E+00 1.5E+03 3.7E+06 9.28E+06 3.1E+09 -

DDCCACDBACBB 6.2E-01 1.4E402 43E+05 7.77E+05 8.0E+07

DDDCACABACBB 6.2601 1.4E+02 43E+05 7.77E+05 - 8.0E+07 :

EDADBCABDCBB 0.0E+00 3.lE+00 1.0E+04 1.91E+04 , 2.9E+05

EDDCACABACBB 0.0E+00 3.lE+00 1.0E+04 1.91E+04 2.9E+05 -

EDDDBCABDCBB 0.0E+00 3.1E+00 1.0E+04 1.91E+04 2.9E+05

'EDDDBCBBDCBB 0.0E+00 3. lE+00 1.0E+04 1.91E+04 2.9E+05

FDADBCABDEBB ' O.0E+00 8.6E-03 23E+01 5.17E+01 0.0E+00

FDDCACABAEBB 0.0E+00 8.6E-03 23E+01 5.17E+0! 0.0E+00
FDDDBCABDEBB 0.0E+00 8.6LO3 23E+0! 5.17E+01 0.0E+00
FDDDBCBBDEBB 0.0E+00 8.6 6-03 23E+01 5.17E+0! 0.0E+00

'GDADBCABDGBB 0.0E+00 2.6E-02 9.7E+01 138E+02 0.0E+00
'GDCAFCDBDGBB. C.0E+00 2.6602- 9.7E+01 138E+02 0.0E+00
GDCCACDBAGBB 0.0E+00 2.6E02 9.7E+01 138E+02 0.0E+00

GDCDBCDBDGBB 0.0E+00 2.6E-02 9.7E+01 138E+02 0.0E+00
GDDCACABAGBB 0.0E+00 2.6E-02 9.7E+01 138E+02 0.0E+00
GDDDBCABDGBB 0.0E+00 2.6 S 02 9.7E+01 138E+02 0.0E400
GDDDBCBBDGBB 0.0E+00 2.6602 9.7E+01 138E+02 0.0E+00
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E iTalde 3_3. '. Annual base cue LOCA risk!t

Mean 54-Mile" 'Mean 1000-Mile - Mean Offsite
Mean Early . ' Mean 1.mtent .

.

Dose L , ' Dose .
.

Costs
.4 ' '

Fatalities _ Fatalities . - (persort-rem) - (person-rem) > ($)

SCET :4Er06 ' 4Fr.03 - 9 22 6.48E+03

' Reference 4' 9E-05 2E-02 41 98 1.31E+05

L Relative change ! 22.5 5 4.6 4.5 20.2-
,

__

me in many cases one or more orders dmagnitude less 3.4 Risk Benefit of Potential , ,

than the mean source terms calculated in Referena J. - .

However, there is also the possibility that enors could b OOII
exist in the version of ZISOR used for the SCET analy- |

sis in this report. To check this possibility, ZlSOR was Reference 2 identified several improvements that
run on the four sequences for which Reference 4 pro. have the potential to enhana the performance of the !

vides source term distrioutions. The results matched large dry PWR containment during a severe accidem. |
the point estimate ZISOR source terms showr. in Dese improvements are as follows: (1) enhanced ' j

Reference 4. %us, the version of ZlSOR used for this reactor vessel depressurization capability, (2) cavity '

report was cornidered to be working correctly, flooding, (3) prevention of hydrogen bums in contain- i!
ment,- (4) containment venting, and (5) modifications ,

De final possibility for the risk discrepancy is that to reduce the frequency of the interfacing systems
,

the version of MACCS used for this analysis gives sig- LOCA (V sequence). De risk benent d the Erst fw - j
nificantly different'results than the version used for of these improvements is evaluated in this section for' |

Reference 4. MACCS 1.5.11 was used for this analy- the LOCA PDS. The fifth improvement is not
,

sis, whereas Reference 4 used MACCS 1.5.5. This evaluated, as it affects only the V sequence, not the
conventional LOCA. No effort was made to evaluatepossibility was discussed with an individual involved ..;

with verification of the MACCS code. This individual, the feasibility of any of the potentialimprovements, ,

who was familiar with the changes made to the code in tinis was hond the scope dthe prop j

'

progressing from version 1.5.5 to version 1.5.11,
3.4.1 Enhanced Reactor Vessel Depressuri-thought that the results between the two versions might

differ by 5-10%, but was not artain how the magni. ** tion C8Pability. The ability to depressurize the

tude of the tendts would change. reactoryessNng a seme cme eninge acc&nt is - t
~

desirous from the standpoint of reducing the threat to
containment integrity presented by DCH at the time of

Based on these findings, the Autners' conclusion is vessel failure. Intentional depressurization was mod-
~

,_

L that the majority of the difference in magnitude be- eled in the LOCA SCET by eliminating event HPMB
tween the SCET risk results and those published in fmm consideration; stl sequences in which core dam-
Reference 4 is due to the limitations of using a point age A not arrested involve vessel failure at low pres-,

| cstimate source term rather than a mean value calcu- sure (<200 psig) only. In the Zion APET, vessel failure
|

lated from a distribution. at low pressure does not present a DCH challenge to

|' .
the containment. Figure 3.2 shows the SCET that

"

|| The contribution of each containment failure mode models intentional depressurization.
to the offsite population dose is listed in Table 3.4. As
this table shows, a mode failure and bypass are the Table 3.5 shows the change in the conditional con-
largest contributors to offsite dose for the LOCA PDS. tainment failure probabilities effected by intentional
DCH and late failures are insignificant in comparison. depressurization.

.
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- Table 3.4. Contamment failme mode contribuuon to offsite dose for the LOCA PDS
(from SCET)

s

~

' Contribution to 50w-Mile - Contribuuon to 1000-Mile

: Containment Dose - Dose

Failure Mode (%)- - (%)'

DCH 1.7 - 1.3

, ,

a 74.5 78.3 ~'

Bypass * 23.6 . 20.2

.14 e overpressure c - t

BMT' c1 c

J a. . . Bypass failures involve pre-existing containment leakage.
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Figure 3.2. LOCA SCET for intentional depressurization.o
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As shown in Tele 3.5, depmssurization eliminates : of e i, Mnce on vessel pressure was examined in t

>; ' DCH failures, but leads to a slight increase in the con . . a sensnivity case in which the conditional probability of
,

!
Editional probability of a mode failure. This occurs a mode containment failure, given vessel breach, was -

because the mean probability of a mode failure used in - taken to be 8.0 x IF (the mean value with the RCS at -
'

the Zion APET is a factor of ten higher at low vessel - - high pressure), regan11ess of vessel pressure at the time. ,: |

. pressure (8 x 10-3) than it is at intermediate or higher 'of vessel failuse.This revised APET was evaluated with
,.

' pressures (8 x 10 ) The effect of this change in no sampling on Question 34 (a mode contamment fail- id

containment failure probability on risk is shown - me) and the split fractions in the LOCA SCET with de- : ;

in Table 3.6. pressurization were adjusted to fit the results of the '
. frequency output file generated by EVNTRE. This
revised SCET is shown in Figure 3.3.

. Because of the increase in the conditional probability
6 ~ of a mode contamment failure brought about by depses. Ihe revised conditional containment failure prob-

- surization, there is a small increase in all risk measures abilities from this SCET are shown in Table 3.7.
'

apart from the mean number of early fatalities, which
decrease very slightly. To reiterate, this result hinges As expected, the conditional probability of a mode ,

; spon the pressure-dependent probabilities assigned to failure is significantly reduced (by one order of
a mode failure in the Zion APET (Question 34). These . magnitude) from the base case' probability.The calcu.

,

probabilities are highly uncertain; therefose, the eIfect - lated risk for this case is shown in Table 3.8,

,o Table 3.5. Conditional containment failure probabdities for the LOCA PDS with operator depressurization

f
Containment CondwaonalProbability Base Case

Failure Mode (SCET) ConditionalProbability
a. . .

,

/ No contamment . 7.35E-01 7.43E-01 1
I failure -

*
,.

DCH 0.00 1.43FA 3m

i

a mode 7.58FA3 7.15E-03

Bypass * 4.90E .03 4.97E-03
|

|: ' Late overpressure 6.23E-04 6.13E-04
,

'BMT 2.53E-01 2.436-01 4'
*

r

4 a. . Bypass failures involve pre-existing containment leakage.
H
/
,

Table 3.6.' ' Annual LOCA risk with operator depressurization
'

,

Mean 50-Mile Mean 1000-Mile - Mean Offsite
Mean Early - Mean Latent Dose Dose Costs
Fatalities Fatalities (person-rem) (person-rem) ($)

[ ' Base case 4.llE-06 3.47E-03 9.22 21.74 6.48E+03

L
SCET 4.06FA6 3.59E-03 9.52 - 22.58 6.82E+03

I- % change -1.22 3.46 3.25 3.86 5.25

|'

L

i
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$T Table 3.7. , Conditional containment failute probablit es or t eh LOCA PDS with operator dipsessurization :
.

ii f
- and piessuve-independent point estimate probability of a mode containment failure ! '<

Containment = Revised . Base Case i' ,
'

Failure Mode Conditional Probability - ConditionalProbability :

No containment . 7.47E-01 7.43FA1'

'

failure -
.

,DCH 1.43E-03 1.43FA 3'

d a mode . 7.15E-04 - 7.15FA3
>

. Bypass * ' 5.00E-03 4.9?F- 113
'

', Late overpressure . 6.18E-04 .6.13FA4

-BMT 2.46E-01 2.43E-01
.,

a.' Bypass failures involve pre-existing containment leakage,
-

e,.

ITatne'3.8. Annual LOCA nsk with depressurization and pressure-independent poirs estimate probability of

: a mode failure

i

Mean 50-Mile Mean 1000-Mile - Mean Offsite a

Mean Early Mean Latent Dose . Dose. Costs

Fatalities Fatalities (person-rem) (person-rem) -($)

Basecase 4.1IE-06 3.47E-03 9.22 21.74 . 6.48E+03

i ' SCET .1.70E-06 - 1.06E-03 2.98 6.35 1.4iE+03
.-

% change -58.6 -69.6 -67.6 -70.8 -78.2 -

,

i !

,
''

<
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The' risk red:cilon associated with the decreased i tainment caused by the production cf noncondensible .
'

probability of ce mode failure is significant. Because : ; gases during CCI. The flooded cavity could cause an s
~

! a mode failure is so dominant in the base case; this . Initial steam spike at the time of vessel failure, but ;
~

issue was investigated in a sensitivity case, where the i . would not be expected to threaten containment in->

.'effecis of depressurization were isolated from the tegrity.2 in analyzing the cavity flooding improve.'

" uncertainty in the a mode failure probability This in.7 ment, the base case probabilities of having a coolable'

e
I' vestigation was conducted by serunning the base case - debris geometsy were retained. These probabilities are ;

with the conditional probability of a mode failure in : listed here for reference: (1) given et mode or rocket

4 the APET set at the point estimate value of 8.0 x 10 , failure of the containment, the probability is 0.7 that4'

'

4

: with no sampling on Question 34. (It is possible, of the debris is coolable,(2) given HPME or EVSE,

- course, that the probabilities of a mode failure in there is150% chance that the debris e, cw bl. (3) if

NUREG-Il50 are too low, in which case a mode fail. there is a gravity pour with no EVS51,11 v. 's my a L

T ure would be an even larger contributor to offsite risk.) , 10% chance of having a coolable debr:s t:r+

- The conditional containment failure probabilities for. The revised SCET u .ed to analyr.n 11 i cddhia , . .
this sensitivity are shown in Table 3.9. cavity flooding system is shown in Fig ( i4.E

Table 3.11 shows the conditional cersvnern M1ne
The annual offsite risk for this sensitivity case is probabilities calculated from this trec.

- shown in Table 3.10.-
As Table 3.1I shows,the addition of a cavhy flooding . j

.
,

,

3.4.2' Cavity. Flooding. The purpose of a reactor ' system does not significantly affect the conditional
cavity flooding system would be to provide a flow of probabilities of containment failure.The reason for this ='

water to core debris released into the cavity at the time is that most of the base case LOCA sequences already. -
of vessel f ilure. This water could quench the debris have a wet cavityet the time of vessel breach; therefore,

' and maintain a coolable configuration, reducing CCI . there is little effect from the addition of the flooding : j!
and mitigating any gradual overpressurization of con.; system.The effects on risk are shown in Table 3.12.

Table 3.9. ~ Conditional containment failure probabilities for the base case LOCA PDS with i i:,

. pressure-independent point estimate probability of a mode containment failure j
J Containment t .. Revised . .

Conditional ProbabilityFailure Mode ' Conditional Probability
_ ~ Base Case -.

- No containment . 739E-01 7.35E-01
failure

DCH 0.00 0.00 ,

. a mode 7.58E-04 7.58E-03 -

' Bypass * 5.00E-03 4.%E-03 s

Late overpressure 6.28E-04 6.23E-04
|-

BMT 2.55E.-01 2.53E-01'

j-

a.' - Bypass failures involve pre-existing containment leakage.
|,

a

f Table 3.10. Annual base case LOCA risk with pressure-independent point estimate probability of a mode .;
L ' failure

'

Mean 50-Mile Mean 1000-Mile Mean Offsite
Mean Early Mean Latent Dose Dose Costs
iF,atalities Fatalities (person-rem) (person-rem) ($)

_

Base case ' 4.1IE-06 3.47E-03 9.22 21.74 6.48E+03

SCET 1.88E-06 1.08E-03 3.05 6.44 138E+03

- % change -54.3 -68.9 -66.9 -70.4 -78.7

P
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, TtWe 3.11. _ t am Icintainmem failun probabilities for the LOCA PDS with cavity floodmg system
J,

:i

h* t' h Condaional Prot.abihty Bane Case - j'
Pedum Mode (SCET) ConditionalProbability

|

,

/ No == lament 7.435-01- 7.43E-01
1

0 i gone,
>

l

DOI 1.43E 03 1.44E-03
1

wt mode 7.15E 04 7.14E-03 ).

Bypass 4.97E-03 4.97E-03
a

J

Lane overpresswe 6.13E-04 6.11 5-04 I
Ic

.|BMT 2.43E-01 2.42F-01

a. Bypass failures involve pre-existing containment leakage.

.

Tatdo 3.12. Annual LOCA risk with cavity Gooding system
*

l
1

Mean 50-Kle Mean 1000-Mile Mean Offsite j'
Mean Early Mean Lasent Dose Dose Costs

p Fatalities Fatalities
4

(. person-rem) (person-rem) ($) i

iBase cane 4.llE-06 3.47E-03 9.22 21.74 6.48E+03 {
JSCET 4.03E-06 2.47E-03 7.18 14.56 2.92E+03 :

% change -1.9 -28.7 -22.0 -33.0 -55,0
W

i
|

3.4.3 Hydrogen Control. '!he base case nsults
~ discussed in Reference 2, late venting may have poten-

)show a very small protability oflase overpressum fail. tial benefit in preventing an uncontrolled release of ;ute of the containment following CCI. However, as the radioactivity as a sesult of gmas containment suucturai
realized split fractions for Question 62 show (see failure. However, because late overpressure contain.

,

;
Appendix B), these overpressure failures are not the ment failure contributes only marginally to the risk j
msuit of a hydrogen burit 'therefore, there appears to associated with the LOCA PDS, there is essentially no
be no tangible risk berzfit associated with enhanced her.efit to late unfiltered venting. In addition, the

,

di
hydrogen control for the LOCA PDS group at Zion. current revision of the Westinghouse Owners Group l

Note that only global hydrogen bums were canaidered Emergency Procedure Guidelines does not direct the
,

in the NUREG-!!50 model for Zion. operator to vent the containment, because of the con- J

cem over an unfiltered release of 6ssion products to
3.4.4 Containment Venting. Because there is no the environment. An evaluation of fihered contain-

. jnternal means of providing for a scrubbed release ment verting is beyond the scope of this analysis. :'

when venting from the large dry PWR containment However, the high cott associated with installing an .!
(such as a suppression pool or ice c=taaaar), there is external filtered containment venting system is likely
probably no risk benefit to early containment ventag to greatly outweigh any potential berefit in terms of
unless some type of external filter is employed. As risk reduction.

+
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4. TRANSIENTS AND ANTICIPATED TRANSIENTS WITHOUT
SCRAM (ATWS)

~!he transient + ATWS PDS group at Zion is made These conditional consequences are used in
up of sequences in which the RCS is iruact at the time Equation 1.1 to ootain the annual transient + ATWS
of core un:overy and AC power is available. risk for Zion. Table 4.3 compares the calculated annual

risk from the SCETs with the published values

4.1 Transient + ATWS Core in Reference d-

Damage Frcquency As in the i OCA PDS, the risk calculated with
the SCET is lower than the published valuca in

'Ihe transien' + ATWS PDS group is composed of Reference 4, although the differences are less in the
11 individual plant damage states, with a combined transient + ATWS case. Again, oiis is to be expected
frequency of 1.18 x 10-5 per reactor-year, as reported when calculating risk based on point estimate source
inTable 2.2-3 of Reference 4. terms generated by ZISOR.

4.2 Transient + ATWS SCET Tabic 4 4 lists ** matributia of each camiamem
failure mode to the offsite dose. DCH failures are

Results sughdy more significam dian in de LOCA PDS. How-
ever, tie largest contributor to offsite dose is now con-

The base case transient + ATWS SCET is shown in tainment bypass instead of a mode failure, although
Figure 4.1.This SCET,like the LOCA SCET, was con- de contribution from the latter is still significam. The
structed using the metimdology outliacd in Section 2- contribution of a mode failure is down because the
Table 4.1 shows the containment failure probabilities, RCS is more likely to be at high pressure at tie time of
conditional on the occurrence of the transient + vessel breach than in the LOCA PDS group. Late con-
ATWS PDS, calculated from this SCET and compares tainment failures are again an insignificant contributor
them with de probabilities from Reference 4. to offsite dose.

The conditional containmem failure probabihties 4.4 Risk Benefit of Potential
calculated from the SCET agree well with those pub-
listed in Reference 4. As in the LOCA PDS, early con- ImpfoVementa
tainmem failura is not likely; however, in the
transient + ATWS PDS, DCH is slightly more domi- The risk benefit of the potential containment per-
nant than a mode failure. Late overpressure failures formance improvements idemified in Reference 2 is w

as a result of hydrogen burns are not likely and the calculated in this section.

probability of eventual overpressure failure from the
buildup of steam and noncondensible gases is vanish- 4,4,1 Enhanced Reactor Vessel Depressurl.
ingly small, as it was for LOCAs. Again, there is a sig- zation Capability. With no accompanying break
nificant chance of basemat melt-through. But as for equivalent in size to an S2 LOCA, opening the pressur-

LOCAs, tie most probable end states involve a con- izer PORVs at Zion has not been shown to reduce RCS
tainment that is structurally intact, pressure below the DCH cutoff used in Reference 4.

However,if intentionally opening tte PORVs induces

4.3 Base Case Transient + a failure of the pressurizer surge line, then RCS pres-
sure will be reduced to <200 psig at the ume of vessel

ATWS Consequences fanure and DCH win noi be n ovent io comainment in-
tegrity. To model intentional depressurization via de

The SCET cad states were binned into accident pro. PORVs, an additional event to represent intentional
gression bins and the ZISOR code was again used to opening of the PORVs could te added to tie base case
generate source terms for these bins (see desenpuon m SCET and the conditional probability for the lower
Section 2). Conditional consequences were then calcu- branch of this event could be changed to 0.0 to
lated for each accident progression bin with the represent opening of the PORVs 100% of the time.
MACCS code. As for LOCAs, tie Zion site data and Tests indicated that this approach was too simplistic
meteorological files were used for tNsc calculations. because it did not model the dependencies between
The canditional consequences for each accident pro- depressurization and vessel breach that exist in
gression bin are shown in Table 4.2. the APET. A number of attempts were made to

33
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Tatde 4.1. Conditional containmut fdluse probabilities for the transiesa + ATWS PDS

Containmera CoeulitionalProbability Condsanal Probabihty
' Failme Mode (SCET) (Reference 4)

No containment 7.90D01 7.90&Ol
failure

DCH 4.14603 5.19 & O3

a mode 3.66E-03 3.5iLO3

Bypass * 8.94E-03 9.15 & O3

Late overpressure 1.49E-04 1.48604

BMT 1.93601 1.93 LO1

a. Bypass failures include pre-existing leakage and induced SOTR.

Tatdo 4.2. Conditional consequences for the transient + ATWS accident progression bins

Accident Mean 50-Mile Mean 1000-Mile Mean Offsite
Progression Mean Early Mean Latent Done Dose Costa

Bin Fatalities Fatalities (person-rem) _ (person-rem) ($)

CDACAAABACBB 9.55E+00 4.24E+03 8.21E+06 2.49E+07 1.51E+10
CDACACABACBB 730E01 3.98E+02 1.13E+06 231E+06 3.08E+08
CDADBAABDCBB 9.55E400 4.24E+03 8.21E+06 2.49E+07 1.51E+10
CDADBCABDCBB 1.12E+00 5.98E+02 1.74E+06 3.51E+06 630E408
CDCCAADBACBB 9.55E+00 4.24E+03 8.21E406 2.49E+07 1.51E+10
CDCCACDBACBB 730E4)1 3.98E+02 1.13E+06 231E+06 3.08E+08
CDCDBCDBDCBB 1.12E+00 5.98E+02 1.74E+06 3.51E+06 630E+08
CDCDFADBDCBB 9.54E+00 4.23E+03 8.18E+06 2.48E+07 1.51E+10
CDCDFCDBDCBB 730EM)1 3.98E+02 1.13E406 231E+06 3.08E+08
CDDCACABACBB 730E-01 3.98E+02 1.13E+06 231E+06 3.08E+08
CDDDBCABDCBB 1.12E+00 5.98E+02 1.74E+06 3.51E+06 630E+08
CHACACABACBB 1.47E+01 4.41E+03 8.06E+06 2.65E+07 1.90E+10
CHADBCABDCBB 1.26E+02 7.04E+03 1.35E+07 4.12E+07 2.79E+10
CHFCACABACBB 1.47E+01 4.41 E+03 8.06E+06 2.65E+07 1.90E+10
DAADDABBDBBB 1.01E+01 4.50E+03 8.91E+06 2.71E+07 1.70E+10
DAADDCBBDBBB 1.45E+00 1.42E+03 3.64E+06 9.09E+06 3.20E+09
DAFDDABBDBBB 1.01E+01 4.50E+03 8.91E+06 2.71E+07 1.70E+10
DAFDDCBBDBBB 1.35E+00 1.45E+03 3.73E+06 9.28E+06 3.09E+09
DDACACABACBB 6.17E4)1 138E+02 432E+05 7.77E+05 7.97E+07
DHACACABACBB 6.43&OI 2.1IE+03 4.55E+06 1.2SE+07 5.95E+09
DHADDCBBDBBB 4.37E+02 9.56E+03 1.94E+07 5.67E+07 4.4 t E+10
EHACACABAG B 0.00E400 1.46E+02 4.75E+05 8.75E+05 1.01E+08
EHADBCABDCBD 838bO6 239E+02 7.51E+05 1.44E+06 1.78E+08
EHFCACABACBB 8381s 46 239E+02 7.51E+05 1.44E+06 1.78E+08
EHFDBCABDCBB 8.82 SO4 5.99E+02 1.54E+06 4.06E+06 8.59E+08
FDACACABAEBB 0.00E+00 8.63 & O3 2.2EE+01 5.I7E+01 0.00E+00
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{ Table 41. . (coruinued)
)

W Accident' Mean 50-Mile ' Mean 1000-Mile Mean Offsite-

; Progression Mean Early Mean Latent Dose Dose Costs

-Bin Fatalities Fatalities (person-rem) (person-rem) ($)
_

FDADBCABDEBB 0.00E+00 - 8.63 & O3 2.28E+01 5.17E+01 0.00E+00

FPDCACABAEBB 0.00E+00 8.635-03 2.28E+01 5.17E+01 .0.00E+00

TSDDBCABDEBB 0.00E+00 8.63503 2.28E+01 5.17E+01 0.00E+00

FMACACABAEBB: 0.00E+00 7.84 & O2 3.18E+02 4.61E+02 1.10E+03'

FHADBCABDEBB 0.00E+00 131&Ol 538E+02 7.72E+02 3.42E403

FHFCACABAEBB 0/J0E+00 7.84 & O2 3.18E+02 4.6tE+02 1.10E+03

FHFDBCABDEBB 0.00E+00 131501 538E+02 7.72E+02 3.42E+03

GDACAAABAEBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10

GDACAAABAFBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10

GDACACABAGBB 0.00E+00 2.63E-02 9.67E+0! 138E+02 0.00E+00

GDADBAABDEBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10

GDADBAABDFBB 8,42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10

GDADBCABDGBB 0.00E+00 2.63B-02 9.67E+01 138E+02 0.00E+00

GDCCAADBAFBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10

GDCCACDBAGBB 0.00E+00 2.63B-42 9.67E+01 138E+02 0.00E+00

GDCDBADBDFBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10

GDCDBCDBDGBB 0.00E+00 2.63 & O2 9.67E+0! 138E+02 0.00E+00

GDCDFADBDFBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10

GDCDFCDBDGBB 0.00E+00 2.63B-02 9.67E+0! 138E+02 0.00E+00

GDDCAAABAEBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10

GDDCAAABAFBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10

GDDCACABAGBB 0.00E+00 2.635-02 9.67E+01 138E+02 0.00E+00

GDDDBAABDEBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.$1E+10

GDDDBAABDFBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.5tE+10

GDDDBCABDGBB 0.00E+00 2.63602 9.67E+01 138E+02 0.00E+00

GHACACABAGBB 0.00E+00 1.525-01 6.17E+02 8.77E+02 3.80E+03

GHADBAABDCBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10

GHADBAABDEBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10

GRADBCABDGBB 0.00E+00 1.52B-01 6,17E+02 8.77E+02 3.80E+03

GHFCACABAGBB 0.00E+00- 1.52501 6.17E+02 8.77E+02 3.80E+03 !

GHFDBCABDGBB 0.00E+00 1.52501 6.17E402 8.77E+02 3.80E+03

' Table 4.3. Annual base case transient + ATWS risk

Mean 50-Mile Mean 1000-Mile Mean Offsin
Mean Early Mean Latent Dose Dose Costs

Fatalities . Fatalities .(person-tem) (person-rem) ($)
_

SCET 6507 3B-04 0.7 1.8 9E+02

Reference 4 4B-06 5B-04 1.2 2.7. 3E+03

'

Relative change 6.7 1.7 1.7 1.5 33

i
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Contairmnent failuse mode contribution to offshe dose for the tranciert o ATWS PDS -
"

t Tat /O 4.4.T >
-

I _ (from SCET)E ~

-

W_m
g = !c s

[ Contribution to 50-Mile . Contribution to 1000-Mile
'

'

6 Centairunent Done ' Done
'

Failure Mode (%) (%)

DCH , 3.4 2.3

,' ca 24.6 22.6

Bypass * . 71.8 74.9,

L Laie overpressure c t

|
! .BMT t c

+|
a. Bypass failures include pre-existing containment leaks and induced SGTR.' j<

g
i

i

approximate this dependency by including more top 3. Run PSTEVNT to generate composiac sorted . :;

[ events in the SCET. However. none of these attempts - output from which the revised SCET is ';
proved successful; the SCET results still did not agree constructed. _|
very well with those predicted by the APET. |

'niis rnodeling problem appears to be a limitation of 4 Run PSTEVfC again to generate the ZIHJR

the SCET methodology. Wasel breach is a critical top accedent progression bins and ticit condition- '

event in the SCET and its complicated dependencies al probabilities of occurrence. .|
on earlier events b the APET carmot be completely |
modeled without making the SCET excessively large

.Ihe remaining steps in the risk calculation are the
and complicated. At this point, a choice had to be made

were described in Section 2. ' I
between simplicity and accuracy. The decision was

i(made to give up some of the simplicity of analyzing
depressurization on the SCET in order to accurately Intentional opening of the PORVs was modeled *

I model the deperulencies in tie APET. SCED were stin in the APET by adjusting the split frar:. tion for !

(._ produced to show the revised pathways through the Question 16 to 0.0/1,0 and tuming off sampling for
'

L APET. but depressurization itself was modeled by this yt.estion. The resulting SCET is shown in ;
adjusting split fractions in the APET. Figure 4.2. '!he revised conditional containment fail- ;

use probabilities are shown in Table 4,5. '|
| This decision was influenced by the fortuitous avail-
L ability of the PSTEVNT post-processor code at this i

|. point in the project.8 PSTEVNT allowed processing As Table 4.5 shows, opening the PORVs signifi-
,

of output from EVlGRE runs made in the sampling cantly reduces the probability of DCH-irxtuced early ;;

mode (mode 3), as was done for draft NUREG-il50. containment failure. Also, the probability of bypass |
'

Use of PSTEVNT also automated the binning of SCET failure is reduced by the elimination of temperature- 4
erxl states into the ZISOR accident progression bins. induced SGTR. However, tNre is a slight increase in

,'

The steps in the revised process are as follows: theprobability oflate failuit he increase inlate over-
pressure failure is probabi ttributable to a larger ,

l. . Run EVNTRE in the sampling mode amount of hydrogen being g. ; rated in the case where I

(mode 3) to analyze improvements modeled the PORVs are intentionam opened during core
in the full 72-<luestion APET. degradation. The reason for the slight increase in the ,

probability of BMT is not known. The effects ofinten-
2. Use tie binning output file from EVNTRE as tional RCS depressurization on offsite risk are shown

,

input to PSTEVNT. in Table 4.6.

<
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,' Table . 4.5. Conscional centanament failun probabilities for the transient + ATWS PDS with
; innemaional 1, . eision(MPME not eliminated),

Containment ConditionalProbability Base Canc>
,

Pailuw M ode (SCET) ConditionalProbability

No centainment 7.895-01 7.905-01
failure

DCH- 2.2iLO3 4.14E43

a mode 3.$8FA3 3.66E-03
N

Bypass 4.97bO3 8.'94E03a

late overpeessure 1.675 04 1.49FA 4

Bhfr 1.99501 1.93b01

a. Bypass failures include pm-<xisting leakage and induced SGTR.
,f

Taide 4.6. Annual transient + A7WS risk with intentional RCS depressurisation
(HPME not eliminated)

Mean 50-Mile Mean 1000-Mile Mean Offsite
Mean Early Mean Laient Dose Done Costs '
Fatalities Fatalities (persorumm) (persorwem)

_
($)

Base case 6.22E-07 3,00E-04 0.66 1,79 892

SCET 2.10bO7 9.67B-05 0.26 0.60 176

% change -66.3 -67.8 -60.6 -66.6 -80.3

As Table 4.6 shows, the decrease in the conditional SCET to 0.0, because redving vessel pressure affects
probability of early containment failure effected by the conditional probability of vessel breach (event VB)
opening the PORVs more than offsets the slight in- as well. Accordingly, a modified APET was evaluated
crease in the conditional probability of late failure. and the split fractions in the SCET were adjusted to
This finding is consistent with the results in match those calculated with de APET, Also, as dis.
Reference 4, where offsite risk is completely domi- cussed in Section 3. the Zion APET uses a probability
noted by early containment failure. for a mode failure that is dependent upon RCS pres.

sure at the time of vessel breach. If the pressure is
Because de reducu.onin DCH containment failures >200 psig, the mean conditional probability of

ef4cted by opening the PORVs is a resuh that is very
specific to Zion, a sensitivity case was run under the a mode failure is 8.0 x 10d. However,if RCS res-

.

P

' Nmption that opening the PORVs would completely sum is <200 psig, de nwan pmbaMu.y is 8.0 x IM.

'nate HPME, that is, that de RCS pressure at t!w Because some experts may question the use of such a

sf vessel breach would always be <200 psig. high probability of a mode failure, a sensitivity case
ever, this case could not be modeled simply by for full depressurisation to <200 psig was also
ig the pr . 'aility of event HPME in the base case run with a pressure-independent a mode failure
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probability of B.0 a I& , with no sampling of somewhat by the use of tic pressure-dependent prob-d

Question 34 in the APET. The revised SCETs for abihty distnbution for a mode failure developed for
these cases are shown in Figures 4.3 and 4.4. The draft NUREG-II5O
containment failure probabilities calculated for ttese
cases are shown in Tables 4.7 and 4.8. 4.4.2 Cavity Flooding. Tie addition of a cavity

Goodmg system was analyted by appropriately
rnodifying the split fraction of Question 31 in the

Eliminating HPME eliminates DCH failures, as ex-
Zion APET, turning off sampling for tins question,

pected. The conditiceal probability of a mode failure and running EVNTP.E arxl PSTEVNT to generate the
increases if the pressure-dependent probability distri- revised SCET atxt ZISOR accident progression bins.
bution frorn draft NUREG-il50 is used but is de- Figure 4.5 shows the revised SCET for transient +
creased sigtsficantly if a pressure-irxleperdent point ATWS with tie addition of a cavity Gooding system.
estimate is used. Table 4.9 shows the armual offsite risk Table 4.11 shows the revised corxhuonal contauunent
for the fully depressurized case with the a mode failure probabilities.
probabilities from draft NUREG-Il50 and Table 4.10
shows the risk for the fully depressurized case with tic Cavity flooding leads to an increase in the prob-
pressure-irdeperxlent point estimate probability of abihty of DCH failure. There is an expected reduction
a mode fauurc. in the probability of BMT. Table 4.12 shows the effect

of cavity flooding on offsite risk. For further details,
Note that the risk reduction for both of the fully see Section 5.4.2

depressurized cases is quite large, ahhough it is less
where a pressure-dependent a mode probability is 4.4.3 Hydrogen Control. Improved hydrogen
used. This is attributable to seveial factors. First, control was modeled in the SCET by eliminating late

depressurir.ing allows injection from low pressure overpressure containment failure, that is, by setting the
systems, tecause AC power is available. Tlus reduces probability of the lower branch of event 1,-OP to 1.0
the conditional probability of vessel breach. Secorxily, for all sequences. The new corxhtional containment
depressunration eliminates temperature-induced failure probabihties ar shown in Table 4.13.
SGTR, which is a significant contributor to the base
case transient + ATWS risk, as shown in Table 4.4. Elimination of hydrogen burns pnxluced no reduc-
Thirdly, the use of a point estimate probability of tion in any of the risk measures used in this report.
a mode failure that is indeperxlent of the RCS pres- This firxiing is consistent with Reference 4, where late

sure at tie time of vessel breach climinates failnres overpressure containment failure was a negligible

produced by sampling from the " tail" of the a mode contributor to risk
failure distribution. In summary, the primary benents
of depressurization for the transient + ATWS PDS 4.4.4 Containment Venting. As in the LOCA
group are the climination of temperature-induced PDS, containment venting is not evaluated for
SGTR and the increased probability of recovering the transient + ATWS. See the discussion of containment

sequence in-vessel. These benefits are diminished venting in Section 3.4.4.
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Tahde 4.7. Conditional containment failure probabilities for the transient o ATWS PDS with operator<

deposaurination and pressure-dependers a mode probabilityp
' "

- (no HPME)L
L

t Containment Conditional Probability Base Cane
Failure Mode (SCET) ConditionalProbability

No containment 8.05E-01 7.905 4i,

failure

DCH 0.00 4.14E-03

'
'

a mode 5.28E-03 3.66bO3

*
Bypass * 4.97E-03 8.94E-03

1 ate overpressure 1.41E-04 1.49& 44.

BMT 1.85501 1.93501

a. Bypass failures involve pre-existing containment leakage.

Table 4.8. Conditional containment failure probabilities for the transient + ATWS PDS with operator
depressurization and pressure-independent point estimate a mode probability
(no HPME)

Contairunent ConditionalProbability Base Case
Failure Mode (SCET) Conditional Probability

No containment 8.08E-01 7.90FA1a

failure

DCil 0.00 4.14bO3

a mode 4.25E-04 3.66503

Bypass * 5.00E-03 8.94B-03

Late overpressure 1.42E-04 1.49E-04

BMT 1.87&OI 1.93LO1

a. Bypass failures involve pre-existing containment leakage.

<
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Table 4.9. Annual trarsient + ATWS sisk uith full RCS depressuriution and pressure-depeixiera

a mode probability (NoFU'ME)

Mean 54-Mile Mean 1000-Mile Mean Offsite

Mean Early Mean Latern Dose Dose Costs

Fatahties Fualities (Persorwrem) (Person-rem) ($)

' Base caw 6.22607 3.00E-04 0.66 1.79 892
.

SCET' 2.67E-07 1.22&O4 0.32 0.76 24')

i
- % change ~57.1 -39.4 -51.1 -57.4 -73.1 -

,

i

Table 4.10. Annual trarcient + ATWS risk with full RCS depressuriution and pressure indeperulent point |

f' estimate a mode probability (no HPME)

.'
Mean 50-Mile Mean 1000-Mile Mean Offsite

Mean Early Mean Latent Dose Dose Costs
,

Patalities Fatalities (Person-rem) (Perso wrem) ($)

Base case 6.22507 3.00 & O4 0.66 1.79 092 *

SCET 8.44E-08 3.85505 0.11 0.23 48.0

% change -86.4 -87.2 -83.5 -87.2 -94.6 :

I
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Table 4.11.' Conditional containmem failure probabilities for the transient o ATWS PDS with cavity
flooding system

.

Containment ConditionalProbability Bane Case
'

Failure Mode ($CET) Conditional Pmbability '

No containment 8.38E-01 7.90E41
inilure

DCit 7.62E-03 4.14FA3

a mode 4.14E-03 3.66F43

Bypass * 9.12E-03 8.94E-03

Laic overpressure 1.43E-04 1.49E-04

BMT 1.41E-01 - 1.93E-01
,

- a. Bypass failures involve pre-existing centairunent leakage.

i

Table 4.12. Armual transient + ATWS risk with addition of cavity flooding system

Mean 50-Mile Mean 1000-Mile Mean Offsite
Mean Early Mean Latent ' Dose Dose Costs

Fatalities Fatalities (Person-rem) (Person-rem) ($)'

Base case 6.22E-07 3.00E-04 0.66 1,79 892

SCLT 6.58E-07 2.97E-04 0.66 1.74 844
,

% change 5.8 -1.1 0.0 -2.9 -5.4

'

.

Table 4.13. Corxlitional containment failure probabilities for the transient + ATWS PDS with improved
hydrogen control

Containment Conditional Probability Base Case

Failure Mode (SCET) ConditionalProbability

No containment 7.90FA1 7.90E-01
failure

DCH 4.14E-03 4.14E-03

a mode 3.66FA3 3.66B-03

Bypass * 8.94E-03 8.94FA3

Late overpressure 0.00 1.48FA4

BMT 1.93E-01 1.93E-01

a. Bypass failures include pre-existing leakage and induced SGTR.
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5. STATION BLACKOUTi

f

Plant damage states in the SBO group involve a loss progression bin group with the MACCS code. As
of offsite power followed by failure of the emergency for the previous PDS groups, de Zion site data and
diesel generators (EDGs) to start and run. 'nie turbine- meteorological fdes were used for these calculations,
driven aux,iliary feedwater system (AFWS) operates The conditional consequences for each accident -
until the station batteries are depleted after an assumed progression bin are shown in Table 5.2.
intnval of four hours.*ne RCS is intact at de time of
core uncovery in one of the SBO PDSs. In the other Table 5.3 shows de annual risk for die SBO PDS
two. failure of the RCP acals results in an RCS break group calculated from Equation 1.1.
equivalent in size to a medium LOCA (S2 break) at die
time of core uncovery. Table 5.4 lists the contribution of each containment

failure mode to the offsite population dose.

5.1 Station Blackout Core Again, the only significant contributors to offsite
Damage Frequency dose a,, endy com,inme, fatio,,,,,itn a mode faii.

ute being the most dominant. DCH contributes a larger

The SBO group is composed of three PDSs with a fraction than it did in either the LOCA at transierd +
total mean frequency of 5.21 x 104 per reactor-year ATWS PDS groups. The contribution from contain-

from Tabic 2.2-3 in Reference 4. ment bypassis also significam.

5.2 Station Blackout SCET 5.4 Risk Benefit of Potential
Results improvements

ene t pmen a e ma nment pepThe base case SBO SCET is shown in Figure 5.1.
"" ""## '"E*** * " " "# " ' " ' " ' " **

This SCET,like those for the previous PDS groups, **'#" "'' " * *## "'
was constructed using the methodology outlined in ,

Section 2. Note its similarity to the SCET constructed S.4.1 Enhanced Reactor Vessel Depressuriza-
for the transient + ATWS PDS group in Section 4. tion Capability. Similar to the transient + ATWS
Table 5.1 shows the contairunent failure probabilities, PDS group, intentional depressurization via the pres-
conditional on the occurrence of the SBO PDS, calcu- surizer PORVs could not be accurately mode;cd with i

lated from this SCET and compares them to the protw an SCEf. Tirrefore, depressurization was modeled in
abilities from Reference 4. the APET using the revised methodology discussed

in Section 4.4.1.The revised SCET is shown in
The conditional containment failure probabilities Figure 5.2 The new conditional probabilities of con-

calcidated from the SCET agree well with those pub- tainment failure thus obtained are shown in Table 5.5.
lished in Reference 4. Again, the most likely end state
is one in which the containment maintains its structural As Table 5.5 shows, opening the PORVs during
integrity. The most likely mode of early containment SBO does not significantly affect the ducat of DCH.
failure is DCH. This differs from the LOCA PDS. Because the APET upon which the model of depres-
where a mode failure was more likely than DCH. surization is based is specific to the Zion plant,

and PORV capacity is a plant-specific parameter.12

5.3 Base Case SBO two sensitivity cases were run in which opening de
PORVs was assumed to climinate HPME by reducing

Consequences vessel pressure below the DCH cutoff of 200 psig.
However, just as for the analogous case in the

The SCET cod states were binned into accident pro- transient + ATWS PDS, this case could not be mod-

gression bins and the ZISOR code was again used to eled by simply setting the probability of event HPME
generate source terms for these birs as described in in the base case SCET to 0.0, because reducing vessel

Section 2. Because of the large number of accident pressure affects the conditional probability of vessel
progression bins, the source terms were manually breach (event VB) as well. Accordingly, a modified
combired into groups in order to reduce the required APET was evaluated and the split fractions in the
number of MACCS calculations. Conditional con- SCET were adjusted to match those calculated with
sequences were then calculated for each accident the APET. Similar to the transient + ATWS PDS, the

48
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Tahde 5.1. Condmonal containment idure probabilities for the SBO PDS
i

Containment Conditional Probability ConditionalProbability

__ Failme Mode (SCET) - (Referena 4)
'

' No containment 6.76E-01 6.575-0i
failure

DCH 1.13E-02 1.66E-02

a mode 6.13E-03 6.155-03

Bypass * ' 635E-03 6.42E-03

''
l ate overpsessure 2 34E-03 2.58E-03

BMT 2.97 5-01 3.11E-01

a. Bypass failures include pre-existing leakage and induced SGTR.

Tatdo 5.2. ' Conditional consequences for the SBO accident progression birn

Accident Mean 50-Mile Mean 1000-Mile Mean Offsite
Progression Mean Early Mean 1.atent Dose Dose Costs

Bin Fatalities Fatalities (person-tem) (person-tem) - ($)

CDCCAADBACBB ' 9.55E+00 4.24E+03 8.21E+06 2.49E+07 1.51E+10 '

CDCCACDBACBB 730E-01 3.98E+02 1.13E+06 231E+06 3.08E+08

CDCDBADBDCBB 9.55E+00 4.24E+03 8.21E+06 2.49E+07 1.51E+10

CDCDBCDBDCBB 1.12E+00 5.98E+02 1.74E+06 3.51E+06 6.30E+08
CDCDFADBDCBB 9.54E+00 4.23E+03 8.18E+06 2.48E+07 1.51E+10

CDCDFCDBDCBB 730E-01 3.98E+02 1.13E+06 2.31E+06 3.08E+08

CDDCAAABACBB 9.55E+00 4.24E+03 8.21E+06 2.49E+07 1.51E+10

CDDCACABACBB 730E-01' 3.98E+02 1.13E+06 231E+06 3.08E+08
CDDDBAABDCBB 9.55E+00 4.24E+03 8.21E+06 2.49E+07 1.51E+10

CDDDBCABDCBB 1.12E+00 5.98E+02 1.74E+06 3.51E+06 630E+08
CFACAAABACBA 1.67E+01 5.18E+03 9.65E+06 3.07E+07 1.99E+10

CFACACABACBA 2.%E+01 4.45E+03 8.23E+D6 2.67E+07 1.90E+10-

CFADBAABDCBA 1.67E+01 5.18E+03 9.65E+06 3.07E+07 1.99E+10

CFADBCABDCBA 1.72E+02 6.86E+03 133E+07 3.98E+07 2.69E+10

CFCCAADBACBA 1.67E+01 5.18E+03 9.65E+06 3.07E+07 1.99E+10

CFCCACDBACBA 2.96E+0! 4.45E+03 8.23E+06 2.67E+07 1.90E+10

CFCDBADBDCBA 1.67E+01 5.18E+03 9.65E+06 3.07E+07 1.99E+10

CFCDBCDBDCBA 1.72E+02 6.86E+03 133E+07 3.98E+07 2.69E+10

CGACAAABACBA 1.67E+0! 5.18E+03 9.65E+06 3.07E+07 1.99E+10

.CGACACABACDA 2.%E+01 4.45E+03 8.23E+06 2.67E+07 1.90E+10

CGADBAABDCBA 1.67E+01 5.18E+03 9.65E+06 3.07E+07 1.99E+10

CGADBCABDCBA 1.72E+02 6.86E+03 133E+07 3.98E+07 2.69E+10

CGCCAADBACBA 1.67E+01 5.18E+03 9.65E+06 3.07E+07 1.99E+10

CGCCACDBACBA 2.%E+0! 4.45E+03 8.23E+06 2.67E+07 1.90E+10

CGCDBADBDCBA 1.67E+01 5.18E+03 9.65E+06 3.07E+07 1.99E+10

CGCDBCDBDCBA 1.72E+02 6.86E+03 133E+07 3.98E+07 2.69E+10

CHACAAABACBA 1.67E+01 5.18E+03 9.65E+06 3.07E+07 1.99E+10

CHACACABACBA 2.%E+01 4.45E+03 8.23E+06 2.67E+07 1.90E+10
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Ts N e 5.1. (comimed)

'

Accident Mean 50-Mile Mean 1000-Mile Mean Offsite
Progression Mean Early Mean Latent Done Dose Costs

Bin Fatalities Fatalities (person-rem) (person-rem) ($)

CHADBAABDCBA 1.67E+01 5.18E+03 9.65E+06 3.07E+07 1.99E+10
CHADBCABDCBA 1.72E+02 7.09E+03 138E+07 4.15E+07 2.79E+10
DADDDABBDBBB 1.01E+01 4.50E+03 8.91E+06 2.71E+07 1.70E+10
DADDDCBBDBBB 135E+00 1.45E+03 3.73E+06 9.28E+06 3.09E+09
DHACACABACBA 3.09E+00 2.14E+03 4.63E+06 1.29E+07 5.95E+09
DHADDABBDBBA 2.28E+01 5.80E+03 1.07E+07 3.45E+07 2.27E+10
DHADDCBBDBBA '5.47E+02 9.58E+03 1.98E+07 5.72E+07 4.41E+10
EFACACABACBA 0.00E+00 333E+00 1,10E+04 2.00E+04 2.86E+05
EFADBCABDCBA 0.00E+00 333E+00 1.10E+04 2.00E+04 - 2.86E+05
EPCCACDBACBA 0.00E+00 333E+00 1.10E+04 2.00E+04 2.86E+05
EFCDBCDBDCBA 0.00E+00 333E+00 1.10E+04 2.00E+04 2.86E+05
EGACACABACBA 4.67 & O7 1.46E+02 4.75E+05 8.77E+05 1.01E+08
EGADBCABDCBA 1.60E05 239E+02 7.53E+05 1.44E+06 1,79E+08

EOCCACDBACBA 4.67B-07 1.46E+02 4.75E+05 8.77E+05 1.01E+08
EGCDBCDBDCBA 1.60E-05 239E+02 7.53E+05 1.44E+06 1.79E+08
FDDCACABAEBB 0.00E+00 8.63403 2.28E+01 5.17E+0i 0.00E+00

.PDDDBCABDEBB 0.(iOE+00 8.63B-03 2.28E+0! 5.17E+01 0.00E+00
FFACACABAEBA 0.00E+00 8.63 & O3 2.28E+01 5.17E+01 0.00E+00
FFADBCABDEBA 0.00E+00 8.415-43 2.18E+01 5.04E+01 0.00E+00
FGACACABAEBA 0.00E+00 8.63B-03 2.28E+01 5.17E+01 0.00E+00
FOADBCABDEBA 0.00E+00 8.41E-03 2.18E+01 5.04E+01 - 0.00E+00
FHACACABAEBA. 9.00E440 3.67B-02 1.43E+02 2.15E+02 132E+02
FHADBCABDEBA 0.00E+00 3.67 & O2 1.43E+02 2.15E+02 132E+02
GDCCAADBAFBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
GDCCACDBAGBB 0.00E+00 2.63E-02 9.67E+01 138E+02 0.00E+00
GDCDBADBDFBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10

,

GDCDBCDBDGBB 0.00E+00 2.63 & O2 9.67E+01 1.38E+02 0.00E+00 '

GDCDFADBDFBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
GDCDFCDBDGBB 0.00E+00 2.63402 9.67E+01 138E+02 0.00E+00
GDDCAAABAEBD 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
GDDCAAABAFBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
GDDCACABAGBB 0.00E+00 2.63B-02 9.67E+01 1.38E+02 0.00E+00
GDDDBAABDEBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10 )
GDDDBAABDFBB 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10 !
GDDDBCABDGBB 0.00E+00 2.63B-02 9.67E+01 ' 138E+02 0.00E+00 i

GFACAAABACBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
GFACAAABAEBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10 '

GFACAAABAFBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10 '
'GFACACABAGBA 0.00E+00 2.63E-02 9.67E+01 138E+02 0.00E+00

GFADBAABDCBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10 -

GFADBAABDEBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10 l
'

GFADBAABDFBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
GFADBCABDGBA 0.00E+00 2.63402 9.67E+01' 138E+02 0.00E+00 |

'

GFCCAADBACBA 8.42E+00 4.23E+M 8.19E+06 2.48E+07 1.51E+10
GPCCAADBAFBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
GPCCACDBAGBA 0.00E+00 2.63 & O2 9.67E+0! 138E+02 0.00E+00

'

GPCDBADBDCBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
GPCDBADBDFBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
GFCDBCDBDGBA 0.00E+00 2.63B-02 9.67E+0! 1.38E+02 0.00E+00
GGACAAABACBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
GGACAAABAEBA 8.42E+00 4.23E+0? 8.19E+06 2.48E+07 1.51E+10 1

GGACAAABAFBA 8.42E+00 4.23E+0c 8.19E+06 2.48E+07 1.51E+10
GGACACABAGBA 0.00E+00 2.63402 9.67E+0! 138E+02 0.00E+00 i
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Tatdo 5.1. (contmued) f

!

Accident Mean 50-Mile Mean 1000-Mile Mean Offsite
Progression Mean Early Mean Latent Dose Dose Costs

Bin Fatalities Fatalities (persorHem) (persort-rem) (5)
1

OOADBAABDQlA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
'

OOADBAABDEBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
GOADBAABDFBA . 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
00ADBCABDGBA 0.00E+00 2.635-02 9.67E+01 1.38E+02 0.00E+00

,

OOOCAADBACBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10 j
OOCCAADBAFBA 8.42E+00 4.23E+03 8.19E406 2.48E+07 1.51E+10
GOCCACDBAGBA 0.00E+(0 2.63 5 412 9.67E+0! 1.38E+02 0.00E+00
OOCDBADBDCBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10

,
OOC)BADBDFBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10 l

| OGCDBCDBDGBA 0.00E+00 2.63IM12 9.67E+01 1.38E+02 ' O.00E+00 l

| OHACAAABAEBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10 j
OHACAAABAFBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10'

GHACACABAOBA 0.00E+00 1.52E-01 6.17E+02 8.77E+02 3.80E+03 !

OHADBAABDEBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10 l
OHADBAABDFBA 8.42E+00 4.23E+03 8.19E+06 2.48E+07 1.51E+10
GHADBCABDGBA 0.00E+00 1.525-01 6.17E+02 8.77E+02 3.80E+03 ]

! I

Tatde 5.3. Annual base case SBO risk )
Mean 50-Mile ' Mean 1000-Mile Mean Offsite

Mean Early Meanlatent Dose Done Costs J

Fatalities Fatalities (perso Hem) (persor>-remL ($) I
,

Reference 4 1 5-05 9E-04 2.1 4.8 6E+03

SCET 2E-05 6E-04 1.2 3.5 2E+03

Relative change 0.5 1.5 1.8 1.4 3.0

t

Tatdo 5.4. Containment failure mode contribution to offr.ite dose for the SBO FDS
(from SCET)

| Contribution to 50-Flile Contribution to 1000-Mile
Containment Dose Do.w

Failure Mode (%) (%)

DCH 22.5 21.7

| a mode 49.8 49.9

Bypass * 27.3 28.5 i

l' Lane overpressure e t

BMT t t

a. Bypass failures include pre-existing leakage and induced SOTR.
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Tatde.5.5. . Conditional contamment failu're probabilities for the SBO PDS with :yerator depressurization
j% MN N (HPME not eliminatedk

~

' :|
r . n ;

,7 m
- :)

) Ici R
4 Containment ConditionalProbability Base Cane' I

' '

'' ' # '
Failure Mode (SCET) Conditional Probability . _j

.

~ . ~

j *V
"

No centainment . 6.83E-01 6.76E41
'

.;
failure L '

li
'DCH^ 1.13FA2 1.13E-02

'

c,

h

.;
5. 7 a mode' 5.84E-03 6.13E43

Bypass * 4.97E-03 6.35E-03

Late overpressure 2.40FA3 2.34E-03

i BMT 2.93E-01 2.97E-01
'

1
i' +

)l' '

:i,

a. Bypass failures involve pre-existing containment leakage.+

;

, . .
| ..

I second sensitivity used a pressure-independent and ZISOR accident progression bins. Figure 5.5 shows';! a mode failure probability of 8.0 x 10 , with no sam- . the revised SCET for SBO with the addition of a cavity j| 4

j pling on Question 34 in the APET. 'Ihe revised SCETs flooding system. Tnble 5.1I shows the revised condi. !
'

for these cases are shown in Figures 5.3 and 5.4. The tienal containment failure probabilities. .]containment failure probabilities calculated for these
sensitivity cases are shown in Tables 5.6 and 5.7. Cavity flooding for SBO reduced DCH failures, but ' j'n slightly increased be conditional probability of

IL Table 5.8 shows the offsite risk for SBO with inten- a mode failure and las overpressurization. The out---E tional RCS depressurir.ation. Table 5.9 shows the put from the PSTEVNT runs also showed a very slight ]SBO' risk for the fully depressurized case with the probability of early containn.ent failure as the sesult of ,
j)draft NUREG-1150 distribution for a mode failure, an ex-vessel steam explosion following vessel breach.

'

'

- Table 5.10shows the SBO risk with full depressuriza . However, the probability of this event was only Wtion to <200 psig (no HPME) and a pressure- ~4 x 104. Because EVNTRE is a single-precision f
independent point estimate a mode probability code, such a low probabihty could simply be the sesult j'

of 8.0 x 104 . of rounMff error; therefore, it has not been included ' 1
- in Table 5.11. Note that the decrease in the condi- :I

: As these tables show, depressurization does not sig- tional DCH failure probability is in contrast to the
i nificantly lower SBO risk unless RCS pressure can transient + A7WS PDS group, where cavity flooding q3

> be reduced below the DCH cutoff (assumed in increased the probability of DCH failure. 'Ihe explana- 1

!( Reference 4 to be 700 psig) without increasing the tion for this is as follows. In the SBO PDS group, the '

'

probability of a mode failure in die process. In r. t, RCS pressure at the time of vessel breach as generally
|

.

ac
1

some risk measures are increased by depressurizauon
predicted to be lower than in the transient + ATWS.'

,
if the draft NUREG-il50 probabilities of a mode PDS group. This leads to a lower predicted pressure

|3 failure are used, since depressurization m this case rise at the time of vessel breach, which in tum reduces,

i

p increases the probability of an early release. the probability of DCH failure. Therefore, the effects .I
of cavity flooding on the probability of DCH failure,

appear to be pressure-dependent; if the RCS is at sys-
5.4.2 Cavity Flooding. The addition cf a cavity tem set point pressure at the time of vessel breach, then |

r

E
flooding system was analyzed by approm.ately modi- cavity flooding appears to exacerbate the threat from .
fying the split fraction ofQuestion 31 in the Zion APET, DCH. On the other hand, if RCS pressure is less than

,, >

tuming off sampling for this question, and running system set point pressure, then cavity flooding may
EVNTRE and PSTEVNT to generate the revised SCET offer some benefit in mitigating DCH.

'
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Tatdo 5.6. ~ Conditional containment failure probabilities for the SBO PDS with operator Q - -- --!:a and:- -

s

pressure-dependent a mode probability .
'

(no HPME) .
*

Containment ConditionalPmbabahey Base Case

. Failure Mode (SCET) ConditionalPmbabdity'

'

- No containment - 6.46E-01 6.76B-01'"

- failure

DCH' O.00 1.13E-02 -

a mode 9.15E-03 6.13B-03

Bypass 4.95B-03 6.35E-03a

Late overpressure ; 2.36E-03 ' 2.34E-03

BMT 3.385-01 2.97E-01

_-.

a. Bypass failures involve pre-existing containment leakage.

Tatdo 5.7. ' Conditional containment failure pmbabilities for the SBO PDS wiib operator depeanormation and '-

pressure-indepetulent point estimate a mode probability |
(no HPME)

Contamment- ConditionalProbability : Base Case .

Failure Mode (SCET) ConditionalProbability

No containment 6.51E-01 6.76E-41

failure

DCH 0.00 1.13E-02

amode 7.41E-04 6.13B-03

. Bypass 5.00E-03 6.35E-03a

'

2.99E-03 2.34B-03Laic overpressure

BMT> 3.41E-01 2.97E-01

a. Bypass failures involve pre-existing contamment leakage.
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!c Talde 5.8.~ Annual SB0 risk with intentional RCS depressurir.ation: "

- (HPME not eliminated) ~ > >
, ,

. Mean 50-Mile ' Mean 1000-Mile Mean ONsite -,

Mean Early Mean Latent Dose ' Dose Costs
Fatalities. Fatalities (pes:w-rem) (person-sem) ($)

'

' Base case 1.99E-05 5.87E-04 1.21- 3.49 2.34E+03

SCET 1.91E-05 5.38E-04
'

l.!! 3.20 2.15E+03

% change -4.1 -8,5 -8.2 -8.6 -8.5

Table 5.9. Annual SBO risk with RCS depressurir.ation <200 psig and pressure-dependent
a mode probability (noHPME)

Mean 50-Mile Mean 1000-Mile Mean OKsite e

Mean Early Mean Latent Dose Dose - Costs - |
Fatalities Fatalities (person-tem) (person-rem) ($) j

,

1

Base case - 1.99B-05 5.87E-04 1.21 3.49 2.34E+03
]

~SCET '2.84E-05. 5.85E-04 1.20 3.47 2.58E+03 4

% change 43.2 -0.3 -0.9 .-0.6 -10.1

-t
Table 5.10. Annual SBO risk with RCS depressurization <200 psig and pressure-independent point estimate

.

a modeprobability(noHPME)
' ' 1

,

l

Mean 50-Mile Mean 1000.-Mile Mean O5 site
,

'

. Mean Early Mean Latent Dose Dose ; Costs

Fatalities Fatalities (person-rem) - (person-sem) ($)

.. . .
'!

. Base case 1.99B-05 5.87E-04 1.21 3.49 2.34E+03
o ;

''
SCET 5.74B-06 1.87E-04 3.70E-01 1.09 7.48E+02

,

i, % change -71.2 -68.2 -69.4 -68.8 - - 68.1

l.
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19 281 01 ?6.00E.D1 .91E 03 BWT
1. 1.36E*03 NCF1.00f.03

, gg,,o1 3,31g 06 BWT
7.96E.06 NCF

1 0 4 f. 01 !n.71E.0, 4.45E.05 LCF,

11 cof.c3 1.50E.03 NCF
t.a2E 01 1.54E.06 NCF

,1.50E.04 LCF59 1st.01 9.15E.04 gWT
'

;g ogs.o, i

s eft.o. 1.30E 03 NCF- '

1.40E.06 NCF
9.sor.0, 9.91f.01 2.30E.04 LCF

9 99I.Diy 6 01E.01 1.10E.01 BWT
' 1. 06 t- 0 3 1.67E.01 NCF

2.96E-04 NCF
7.33E.02 NCF
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iM i I Table 5.13|ahows the SBO risk 'with the addition of . Elimination of hydrogereinduced overpressure fail 6

[up qu y, . the ca' ity flooding system. - uses provided no teduction in any of the risk measures)v

3: ~ used in this report. This finding is consistent with
, f" ~ > ' 5.4.3 Hydrogen Control. Improved hydrogen con-t ~ Reference 4, where late overpressure failure was a;

.

trol wo modeled in the SCET by eliminating late negligible contributor torisk.;9 -
#y,~' overpresere containment failure by setting the prob- , .

_

V ' ability for the Swer branch of event L-OP to 1.0 for all . 5.4.4 Contelnment Venting. As in the LOCA PDS, _
,

4 t , pequences. The scw conditional containment failure . containment venting is not evaluated for SBO. See the

y* probabilities are shown 5 Table 5.13. discussion of containment venting in Section 3.4.4.'

4

7 : Ta ble 5.11. ' Conditional containment failure probabilities for the SBO PDS with' cavity flooding system -
a-

E Containment ConditionalProbability Base Case .'

Failure Mode c (SCET) ConditionalProbability'
*

is No containment-- 7.00E-01 6.76E-01
failure -

DCH 6.13E-03 1.13E-02

cx mode 6.37E-03 - 6.13B-03
,

Bypass 6.3?E-03 6.35E-03a

Late overpressure - 3.52E-03 2.34E-03 '-

BMT' 2.78E-01 2.97E-Oli

a. ' Bypass failures include pre-existing teakage and induced SGTR.

Table 5.12. ' Annual SBO risk with cavity flooding system
,

Mean 5& Mile Mean 100& Mile - Mean Offsite ..

Mean Early - _ Mean Latent Dose . Dose Costs'

- Fatalities Fatalities (persorwrem) (person-tem) ($).

234E+03Base case - 1.99FAS 5.87B-04 1.21 3.49 '

SCET 1.815-05 4.88E-04 ' ! .00 2.89 1.99E+03

% change . .- 9.2 -17.8 -17.1 -17.3 -15.1

<

&

I

)
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. Tatdo 5.13. Conditional containment failure probabilities for the SBO PDS with improved hydrogen control
~

,.

Containment | CoixlitionalProbability . Base Case -

Failure Mode (SCET) ConditionalProbability ;
..

. No contaisvnent 6.78E-01 6.76E-01 :-s

- failure

DCH 1.13E-02 1.13E-02

a mode - 6.13FA3 - 6.13E-03

Bypass . 6.35E-03 6.35E-03a

Late overpressure- 0.00 2.34E-03
,

BMT. 2.98E-01 ' 2.97E-01

.

a. Bypass failures include pre-existing leakage and induced SGTR.
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6.f CONTAINMENT BYPASS SEQUENCES:
'

Reference 4 splits sequences that involve containi 6,3 - Bagg Cagg Bypagg,
- ment bypass into two PDS groups. The first group, - COMaeSUences"4

: group 4,is made up of four PDSs in which the initiat-
ing event is SGTR. In one of these PDSs, the second- = The' SCET end states were binned into accident pro-
ary relief valves stick open, resulting in a release that
bypasses both primary contairunent and the secondary

gression bins and tie ZISOR code was again used to

systems. In the other three PDSs, the secondary relief
generate source terms for these b,ms as described m
Section 2. Conditional consequences were then calcu-

- valves do not stick open. Tic second group, group 5,is lated for each accident progression bin group with the
' made up of a single PDS, initiated by an interfacing

ryuems LOCA (V sequence). This is assumed to be a
- MACCS code. As for the previous PDS groups, the

Zion site data and meteorological files were used forf
'large break in the low pressure RCS piping outside ; these calculations. 'Ihe conditional consequences for

primary containment in the auxiliary building. each accider.t progression bin are shown in Tables 6.3 -
'

~
and 6.4 for the V ~ + SGTR and SGTR PDSs,

J _6.1- Bypass Core Damage respectiveiy.
'

Frequency
. Tables 6.5 and 6.6 show the annual risk calculated

- for the V + SGTR and SOTR PDSs. The risk from
For the purposes of the accident progression Reference 4 is a combination of the risk from the'

- '| . analysis in this report, the convention adopted in V + SGTR and the SGTR PDS groups.

Reference 4 of grouping to' ether the V sequence and
'

g

i the three group 4 PDSs involving SGTR with no Calculations for this report slightly overestimate all

stuck-open secondary relief valves is followed.'Ihis risk measures for.the SOTR PDS, except early fatali;
>

J grouping will be referred to as the V + SGTR PDS in ties, which are slightly underestimated. The higher .

. this report. The remaining bypass sequence, which values are very likely attributable to the use of point,
*

,a
involves'an initial SGTR with the secondary relief estimate source terms from ZISOR and the use of a lat-
valves stuck open, will be referred to as the er version of MACCS than was used for Reference 4.
SGTR PDS.The annual frequencies of these two Most of the risk for tie bypass sequences comes from

PDSs are taken from Table 2.2-3 in Reference 4 and the SGTR PDS.'this tesult casmot be ascertained from;
are listed here for convenience. Reference 4 but is plausible for two reasons. First, as

-

,

:

Table 6.4 shows, the conditional consequences are ~

4 generally higher than for the V + SGTR PDS group.
' V + SGTR: ; 1.69 x 10 perreactor-year , Secondly, the core damage frequency of the

SGTR PDS is significantly greater than that of the
SGTR: 1.30 x 10-6per reactor-year V + SGTR group. Recall that the SGTR PDS

involves an initiating SGTR with the secondary relief
valves 8 tuck OPen his Provides a direct release path-

.g'.2| Bypass SCET Results to the environment. Sequences m the V + SGTR group, ,

involve a V break or SGTR with no stuck-open sec-

. One base case SCET was developed for each of the ondary relief valves. Therefore, the release path is,

two bypass PDSs. Figure 6.1 shows the base case through the auxiliary building, providing some decon-
s

SCET for the V + SGTR PDS, Figure 6.2 the tamination of the release.

SGTR PDS alone.
6.4 Risk Benefits of Potential

Table 6.1 shows the conditional containment failure |mpf0Vements
probabilities for the V + SGTR PDS.

The risk benefit of the potential containment pet.

Table 6.2 shows the analogous results for the formance improvements identified in Reference 2 is

' SGTR PDS. calculated in this section.
4
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!- g& Table 6.1. s Conditional containment falNrc probabilities for the V + SGTR PDS

, , , . , ,..
'

+
.

f:7 > (
.

o s

0> , Containment 1 Conditional Probability Conditional Probability ;' '
.

* '

Failure Mode (SCET)
'

(Reference 4)
'

i . .

; - Event .V ordy 3.87E-01 : 1.00* :-

Event V + a , 6.58E-03 0.00* ce

"'

Event V +'BMT . 2.56Fe01- 1 0.00*-

U SGTR only | 2.24E-01 0.00*

- SGTR + a i 1.53E-03 0.00*.
'

.y

, SGTR + BMT! - 1.25E-01 0.00*4

'

<
,

a.' Reference 4 does not subdivide the containment failure modes for the bypass sequences; all end states are grouped
|, into the bypass category,

o/ - Table 6.2. Conditional containment failure probabilities for tie SGTR PDS -
. ,

Containment. ConditionalProbability Conditional Probabilhy,,

Failure Mode (SCET) (Reference 4)<

i
"SGTR only 6.42FA)1 J 1.00*

SGTR + a 2.14E-05 0.00* s

im ,

; SGTR + BMT 3.58E-01 0.00* j
,

. . . 9
a. Reference 4 does not subdivide tie containment failure modes for the bypass scopences; all end states are grouped

'

~ into the bypass category. .

: Table 6.3. Corxtitional consequences for the V + SGTR accident progression bins

W
' Accident Mean 50-Mile Mean 1000-Mile Mean Offsite -

'

Progression Mean Early. Mean Latent Dose Dose Costs :1
': Bin Fatalities Fatalities (person-rem) (person-rem) (S)

'

", -~ AAADDCBADBBB ' 2.94E+01 3.83E+03 7.33E+06 2.30E+07 1.54E+10 - y
'

~ ADADBCAADCBB . 2.94E+01 3.83E+03 7.33E+06 2.30E+07 1.54E+10 l
ADADBCAADFBB 3.01E+01 4,24E+03 8.23E+06 2.58E+07 1,71E+10 -

1
4

, ,

' " BAADDCBADBBB 1.69E+01 1.43E+03 3.63E+06 8.44E+06 3.42E+09 '!
h ; BDADBCAADCBB 1.69E+01 1.43E+03 3.63E+06 8.44E+06 3.42E+09

.BDADBCAADFBB . 1.70E+01 'l.56E+03 3.91E+06 9.39E+06 3.67E+09<

;

CDACAAAABCBB 2.95E+00 3.94E+03 7.30E+06 2.35E+07 1.51E+10.
i' LCDADBAAADCBB 2.95E+00 3.94E+03 7.30E+06 2.35E+07 1.51E+10

'

'' ~ DAADDABADBBB 3.53E+00 4.25E+03 8.'18E+06 2.59E+07 1.70E+10
DDADDABADBBB 2.95E+00 3.94E+03 7.30E+06 2.35E+07 1.51E+10

'

' GDACAAAABFBB 2.45E+00 3 91E+03 7.23E+06 2.34E+07 1.50E+10
, GDADBAAADFBB 2.45E+00 3.91E+03 7.23E+06 2.34E+07 1.50E+10

,
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Table 6.4.- Conditional consequences for the'SGTR accident pogressionbins | ,
,

.

Accident . . Mean 50-Mile . . Mesn 1000-Mile Mean Offsite;'
'

Progression t ? MeanEarly - Mean Latent Dose - : Dose ' Costs

Bin i ' ' * Fatalities Fatalities (person-rem) (person-rem) ($)h
'

'p.

CDACABBABCBB; 4.40E+00 6.95E+03 1.10E+07- ' 4.18E+07 = 3.70E+10 -

'-CDADBBAADCBB ' 4.41E+00 ' 6.97E+03 1.10E+07 - 4.19E+07 - > : 3.70E+10 j
'

DAADDBBADBBB - 4.82E+00 7.34E+03 - : 1.16E+07 4.45E+07 ' 3.91E+10
''

DDADDBBADBBBL -: 4.4IE+00 - 6.97E+03 . 1.10E+07 4.19E+07 - : 3.70E+10 .,;.
>

,,GDACABBABFBB4 4.40E+00 6.95E+03 1.09E+07 , ; 4.17E+07 3.70E+10 .

GDADBBAADFBB 4.40E+00 6.95E+03 .1.09E+07 4.17E+07 , ; 3.7b3+10
'j~ ,,

,

i

'
Table 6.5. Annual base case V + SGTR risk .

Mean 50-Mile . Mean 1000-Mile Mean Offsite

' Mc. 4 Early . ' Mean Latent Dose - Dose Costs

h.. lities Fatalities ' (person-rem) (person-rem) ($) |,

]
r
F : Reference 4 6B-06 SE-03 .10.4 30.1 3.7E+04 .

1

[ SCETa, 3E-06 6E-04 1.1 3.3 2E+03-

Relative change , 2.0 . 8.3 9.5 9.1' 18.5

a

# Table 6.6. Annual base case SGTR risk .

' Mean 50-Mile ; ' Mean 1000-Mile Mean Offsite ', !

9 Mean Early Mean Latent ' Dose ~ Dose - Costs

Fatalities Fatalities (person-rem) (person-rem) ($)
l<

' Reference 4 6B-06 5E-03 10.4 30.1 '4E+04

"SCET 6E-06 9E-03 14.2 54.2 5E+04 a
J

|

Relative change 0.0 0.6 0.7 0.6 0.8 |
'

i.

|

|

1

i

I
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g a; '/ - 6.'4.1 nhanced Qeactor Vessel Depre8C : generate the revised SCET ar'id ZISOR accidente
'

+ - L surlastion Capability. As was the case for the; progression bins. Figuies 6.5 and 6.6 show the revised -'

4^ transient + ATWS and SBO PDS groups, intentional . ; SCETs for the bypass PDS groups with tie addition of f'.
depressurization via the pressurizer PORVs could not . ' a cavity flooding system.-'

be accurately modeled with an SCET. Therefore,
~

depressurization was modeled in the APET using the ~ Tables 6.!! and 6.12 show the conditional contain .
revised methodology discussed in Section 4.4.1,'Ihe ment failure probabilities with the addition of the
revised SCETk are shown in Figures 6.3 and 6.4. The cavity flooding system.
new conditional probabilities of containment failure

'

r,

are shown in Tables 6.7 and 6.8. : lhe preceding two tables show an interesting resuh,
'

namely the occurrence of DCH failures as a result of

Intentionally opening the PORVs does not change : having a flooded cavity at the time of vessel breach,

the overall probability of containment bypass, as the . This is a result that is very specific to the modeling _

containment was bypassed by the initiating event. It . assumptions in the Zion APET. Reference 2 discusses -

can, however, alter the conditiorud probabilities of - the effects on DCH of having a flooded reactor cavity.

. other accompanying modes of containment failure. but no firm conclusions were drawn, becau.c some -
.

."
"Ihe most significant of these is the conditional prob. calculations showed a beneficial effect, while others

showed detrimental effects. The effects on risk are -ability of a mode failure given reactor vessel breach,
. shown in Tables 6.13 and 6.14.which increases in the depressurized case. The effects

'

of this change on risk are shown in hbles 6.9 and 6.10.o'

As was the case for depressurization, the addition of
a cavity flooding system has an insignificant efrect on '

. Not surprisingly, depressun.zation has no effect on bypass risk. The slight reduction in risk for the
risk resulting from bypass sequences, even though the . y , SGTR group is probably attributable to scrub -,

conditional probability of a mode failure is higher in t bing of releases from containment after vessel breach
the depressurized case.The fact that the release . by the water assumed to be present in the reactor
bypasses contamment is more important in terms of c,y;,y,
offsite risk than the additiona! containment breach that ,

results from a mode failure. In other words, a mode 6.4.3 Hydrogen Control and Containment.' failure is a higher order contributor to risk in the Vcnting. Improvements in the hydrogen control<

bypass PDS group, system and containment venting were not analyzed for
. bypass sequences, An improved hydrogen control

6.4.2 Cavity Flooding. As for the case of SBO, the system was not evaluated as no hydrogen bums were
addition of a cavity flooding system was analyzed predicted in the base case APET run. Containment -
by. appropriately modifying the split fraction of venting was not analyzed because the release bypasses
Question 1 in the Zion APET,tuming otisampling for containment, rendering containment venting ineffec-

. this question, and running EVNTRE and PSTEVNT to - tive as a mitigation strategy, -

,
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1 - Table 6.7. , Conditional containment failure probabilities for the V + SGTR PDS with imentional :
'depressurization via the PORVs

_:n

Containment , . Conditional Probability Base Case :

> Failure Mode - - (SCET) - Conditional Probability

- Event V only - 3.87E-01 3.87E-01 ~

-. Event V + a 6.58E-03 - . 6.58E-03 -
e.

Event V + BMT 2.56E-01 - 2.56E-01
7; ,

~

- SGTR only ; 2.16E-01 2.24E-0l - >

SGTR + a 2.37E-03 - 1.53B-034 .4.

SGTR + BMT. 1.32E-01 - 1.25E-01 -
.

. Table 6.8. ' Conditional containment failure probabilities for the SGTR PDS with intentional depressurization
via the ~PORVs

[Corsainment ConditionalProbability Base Case

Faih.re Mode (SCET) '
~

Conditional Probability'
,

.

SGTR only ' 6.15E-01 6.42E-01
:

SGTR + a 6.77E-03 . 2.14E-05
o;
-

] - SGTR'+ BMT 3.78E-01 . 3.58E-01

Table 6.9[ Annual V + SGTR risk with intentional depressurization via the PORVs

$t' . .

Mean 50-Mile' Mean 1000-Mile . Mean Offsite '

Mean Early Mean Latent Dose Dose Costs

Fatalities - Fatalities (person-rem) - (person-rem) ($)

Base case 2.74E-06 5.505-04 1.10 3.32 2.03E+03

SCET. 2.74E-06 5.50E-04 1.10 3.32 2.03E+03 -

:. % chang: 0.00 0.00 0.00 0.00 0.00'
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s

'

. ,

73

f



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

y: ;iN n ' 'i!:|+ ,' g- "
,

-, . s ; ,. .' ' _ '

s

t , , , , , . . 3

{ [', ; , t , ;? '

. i >w, .

,

}} ,, * * ' + '
!i

. :.
i

, ,

't.ji
.

.,.

oy
,

'
5 g4

i

i

g~
4 >

!t'

s

k'
-

_

' Table 6.10. Annual SGTR risk withintentional depressurization via the PORVs ;
'

.

,
-

:!!
. .

Mean 50-Mile . Mean 1000-Mile Mean Olisite -:
~ Mean Early = Mean Latent . Dose i Dose , Costs -

Fatalities ' Fatalities ~ (person-rem) (person-rem) ($)-

. Base case 5.72B-06 - 9.04B-03 14.17- 54.23 ' 4.81E+04'

SCET4- 5.72E-06 . 9.04E-03 . 14.18 54.24. 4.81E+04 -

( % change - 0.00 0.00 , 0.00 : 0.00 -- . 0.00> .
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Figure 6.6. SGTR SCET with addition of cavity flooding system.
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M M Tatne 6.112 . Conditional containment failure probabilities for the V '+ SOTR PDS with addition of cavity ' +. .;

flooding system -
~

W,

[;h; s g. ,-

'

;d: , g- ,

JE 7 ~ Containment : ConditionalProbability 0 Base Case ' .i
Failure ModeL (SCET) Conditional Probability .;.

$;*.

4 .p ; y e
i' * ' , Event V only . 4;80E-01' = 3.875-01

*
,

i' 1 .

Event V + a' 6.58B-03 ' 6.58B-03 '', ?~ :
,

U Event V + BMT: l'63E-01 2.565-01 oy
.

.

'

SGTR only ' 2.70E-01 2.24E-01
,

'; W
SGTR + a 1.54E-03 1.535-03

. . .!-

"
+

> ,

SGTR + BMT : 7.62E-02 1.25E-01
.

o SGTR + DCH : 2.29E-03 0.00,

Tatde 6.12. . Conditional containment failure probabilities for the SGTR PDS with addition of cavity. -
~

y,
. flooding system

1=,

Containment ConditionalProbability Base . Case ~

: Failure Mode 1 (SCET) Conditional Probability -

SGTR only 7.72E-01 6.425-01 -

,

SGTR~+ a . 4.36E-03 2.14EA)5
i.

SGTR + BMT 2.18E-01 3.58E 01 -

.SGTR + DCH 6.51E-03 0.00:

,

Tatdo 6.13 : Annual \ + SGTR risk with addition of cavity flooding system(
, ,

Mean 50-Mile' Mean 1000-Mile ~ Mean Offsite .

Dose Dose Costs =Mean Early Mean Latent
..(person-rem) (persor>-rem) ($)Fatalities - Fatalities-

j

iL y Base ease ~ 2.74F,-06 5.50FA)4 1.10 332 2.03E+03
,

SCET 2.69E-06 5.16E-04 .l.02 3.08 1.90E+03 ''

, i

,' % change - l .7 -6.3 -7.0 -7.3 -6.2'

7
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' . Tatde 6.14. Annual SOTR risk with addition of cavity flooding system - [|e~

;
0

. . :.
. .

..
,

& - p;
?|. ,

Mean 50-Mile Mean 1000-Mile - Mean Offaite, 4
,

;.. Mean Early' - Mean Latent Dose - Dose ' Costs - !

f - Fatalities Fatalities ' (person-rem) (person-rem) ($) --|o

>g
,

-4i Base case - 5.72E-M 9.04B-03' 14.17- 54.23 4.81E+04 .m

- SCET. 5.72IM6 9.04B-03 ' 14.17 -54.21 = 4.81E+04
'

- %' change - 0.00 ; 0.00- 0.00 0.00 0.00.
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7. SUMMARY OF TECHNICAL FINDINGS

,
'

1his seaion begins whh a summation of the result" passes the containment. However, depressurization re-

from the previous arctions. Table 7.1 presents the corh doces but does not eliminate DCH failures for Zion,"

] poshe risk resuhs for the base came and the improve-
because the capacity of the pressurirer PORVs has not

ments and mensitivit'e;,, summed over all plant damage been shown to be sufficient to fully depressurize the

state groups. RCS. hnally,if the conditional probabilities of a mode
failure developed for draft NUREG-1150 are used,

Several conclusions cui be drawn conceming the then the benents of depressurization may be offset by
benefhs of the potential knprovemeras that have been anincreamedprobability of earlycontainmentfailure,*

q
t.samined in this report. However, the authors mus' because draft NUREG-ll50 hasjudged a mode failure
preface these conclusions with a very important to be more likely at low RCS pressures.
covent, one that was stated earlier but bears repeating:
the onelysis ofinprovements performedfor this vrport

The eddition of a cavityflooding system ytrids a
, is both plant-specfic and site-spec (fic to Zion. These

slight reduction in risk but may increase the prob-results should not be applied to other large dry PWR
containments without further analysis, with due ability o/DC#fallure in some sequences.The effect of

. consideration given to plant-specific and site-specific a flooded cavity on the tivent itorn DCH is not conclu.

> features that can affect the results. This having sively known. The discussion in Reference 2 appears
to indicate that the effect may be plant-specific, en-

teen said, we present the following conclusions,
hancing the threat at some plants while mitigating it at

The benefits to risk ofintentional operator depres- 'Ahers. At any rate, the risk reduction is not significant

surization cannot beJudged conclusively.There ag= war for Zion.The benefit sn reducing DCH was also found

to be both positive and negative effects to ves.tel to be at least somewhat pressure-<lependent. In those

depressurization. Nrst, vesselbreech may be prevented sequences where the RCS is likely to be at system

in some sequences by intentional depressuritation, act point pressure at the time of vessel breach, cavity

since depressurization may allow injection from avail- flooding was found to exacerbate tie threat from DCH.

abletowpressuresystems.Thisisthecase forexampic, On the other hand,in sequences such as SBO, wlere

in the transient + ATWS PDS group. Depressurization the RCS pressure at the time of vessel breach was

' also eliminates temperature-induced SG*lT(,which by- likely to be less than system set point pressure, cavity

Table 7,1, Composite annualrisk results

Mean 50-Mile Me'an 1000-Mile Mean Offsite

Mean Early Mean Latent Dose Dose - Costs

Fatalities Fatalities (person-rem) (person-rem) ($)

Base case 3.31E-05 1.39E-0; 26.3 "6 5,99E+04
.

Depressurizationvia 3.18E-05 1.38E-J2 26.2 83.9 5.93E+04

PORVs

Fulldepressuritation #1 4.12E-05 1.39E-02 26.3 84.4 5.98E+04

(no HpME)

Fulldepressuritation #2 - 1.60E-05 1.09E-02 18.7 65.2 5.23E+04

(no HpME)*

Cav4; flooding 3.12E-05 1.28E-02 24.0 76.5 5.58E+04

H control . 3.31E-05 1.39E-02 26.3 84.6 5.99E+04
2

.

4
a. This case includes the use of a point estimate a mode failure probab 6ty of 8.0 x 10 .
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7

E flooding cas found t; be tf some benefit in miti< the V sequence 6 submerged. The second is a sugges-'

- gating DCH, Plooding the cavity does increase the' tion to reflood the steam Fenerators in the case of
,

conditional probability of an ex-vessel steun explo. SGTR,in order to ensure that the release from the RCS

aion: however bocause ex-vessel sicam explosiors are is scrubbed through a volume of water. Neither of
an irmignificant threat to containment integrity at Zion, these suggestions has been evaluated in this
this effect does not increase offshe risk. report, because de means to do so were unavailable.;

The improvements for Surry were evaluated and a sig-

inprovements in the hydrogen controlsystems are nificant reduction was found in the early and latent fa-

c/no benefit in terna ofrisk. '!his result is very Zion- tality risk (no doses or offsite costs were calculated).I'

specific. Other plants, particularly those with smaller Both may have the potential 1o geretically reduce the
*

subatmospheric cornainments, might realize a more - bypass sequence risk. However, tte efficacy and cost-
significant risk reduction from hydrogen control effectiveness of these strategies would best be
improvements. determined on a plant-specific basis,

improvements to reduce the frequency of contain. Gradual overpressuritation by noncondensible
ment bypass sequences would provide the greatest gases (including steam) is not a threat to containment

- tangible risk reduction benefit. For Zion, containment integrityfor Zion. Containment failure by eventual'

bypass sequences, both the interfacing systems LOCA overpressurization Olme scale of one or more days)-
and SGTR, contribute very significantly to the animal was predicted only in the APET runs made for the
offsite risk. " Front-end"improvemeras to reduce the LOCA plant damage state group. Even in these
incidence of bypass initiators were not analyzed, cases, the conditional probability of eventual over.
However, any reductions in bypass frequency would pressurization was very small. Again, this result is
provide a corresporwiing reduction in all risk measures. Zioo-specific.The conditional probability oflate con-
Based on a plant visit to Surry, D. C. Williams * men- tainment failure as the result of BMT was consider.
tions two possiWe mitigative atrategies. The first of abic; however, these failures are negligible4

these is to attempt to ensure that the break location in contributors to offsite risk.

m. D. C. Williams,"PWR Dry Containment Para- b. J. J. Gregory, "PWR Dry Containment Parwnet-
metrics: CONTAIN Calculations " draft letter report rics: NUREG-ll50 Sennitivity Studies for the Suny
dated November 27,1989. Plant," draft letter report dated December 14,1989.
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APPENDIX A ,

.

Zion Accident Progression
Event Tree

The listing of. the full 72 question APET for the Zion plant is provided
here for reference. This is the APET used in the NUREG-1150 analysis of the
LOCA PDS group for Zion. The APETs for the other PDS groups are similar.

Zion LOCA Accident Progression Event Tree

210N APtl. Rev 6, 8 MAR 89 - 72 Questions - PD$-2. LOCAS
72

NQuest
1 'l.000

'PD$-2 [HS' Pinit
1 Site and Location of RCS Break when the Core Uncovers? $'POS - 1st Letter ( i = PORY )

6. Brk-A Brk $2 Bek-$3 Brk V B-$G1R B-PORY $ RIO 7 8 9.

I 1 2 3 4 5 6$ 10 13 17 IB

0.046 0.954 4.000 0.000 0.000 0.000 $ 19 21 22 23

2 For $G1R, are the secondary System $RVs stuck Open? $ 44 51 58 71

2 $$RV St0 $$RVnsto $ PDS 1st Letter
1 1 . 2 $ RIO 7 B

0.000 1.000
3 Status of TCCS? $ PDS - 2nd Letter

5 B-ECCS BatCCS BftCCS B-LPl$ BitCCS $ RIQ 16 20 23

2 1 2 3' 4 5

3 Cases
1 1

$ Case 1: Large Break in the RCS
1 $ Used for PDS Group 3

Brk A
0.000 0.0004 0.1266 0.000 0.873

1 1
$ Case 2: 59all or very small Break in the RC$

2 $ Used for P05 Groups 3 & 6

Brk $2
0.000 0.000 0.9643 0.0003 0.0354

Otherwise $ Case 3: $3 breaks etc. RCS

0.000 0.000 0.997 0.000 0.003
$ PDS - 3rd Letter4 Status of $ptays?

.

nob SVHX BA$p BC$p $ RIQ 24 27
6 6-sp Ba$p Bf5p'

2 'l 2 3 4 5 6

2 Cases
1 1-

1

Brk-A
1.000 0.000 0.000 0.000 0.000 0.000

Otherwise
1.000 0.000 0.000 0.000 0.000 0.000

5 Status of Fan Coolers?
$ PDS - Not used for Surry

3 B-FC BaFC BfFC $ RlQ 25

2 1 2 3

3 Cases
1 1 $ tese 1: $3 Breaks

3
B-53
.5 .00$ 49$
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. I 1 $ Case 2: $2,
'

t

B 52 . ,

.4621.5343 .0036
Otherwise $ case 3 : A/$1

0.99C1 0.0004 0.0035
6 Status of AC Powerf $ PO$ - 4th Letter

3 B ACP 'BaACP BfACP $ R10 16- 19 20'
1 1 2 3-

1.000: 0.000 0.000
7 RWST Injected into Containment? $ P05'- 5th letter

3 RWST-In RW$ialn RWSifin $ RWST Injected implies that the cont. $ R10 31

2 1 2 3 $ sprays operated in the injection mode,
3 Cases $ or a break or leak into the containment.
I l- $ Case 1: A stre breaks

1

BA'%*
0.B77 0.000 0.123

1 1

2

; B-52 $ Case 2: $2 size break
1.000 0.000 0.000

Otherwise $ Case 3: $3 breaks
0.005 0.000- 0.995

8 Heat Removal f rom the Steam Generatorst 1 PDS - 6th letter $ RIQ 9,
4 $G-HR SGaHR SGfMR $GdHR $ $G4R * operating when core uncovers. 10 13

2 1 2 3 4 $ SGdrtR = operated until battertes 17 28

2 Cases $ depleted but not operating when 19 51

1, 1 $ core uncovers 44

6 $ Cese 1: B-PORV
B PORV . $ in PDS Group 1

0.000 0.000 1.000- 0.000
Otherwise- $ Case 2: All other breaks

1.000 0.000 0.000 0.000 $
9 Old the Operators Depressurtre the Secondary before the Core Uncoverst 1 PDS - 6th Letter

2 Sec0ePr noScDePr $ RIQ 13 19

? 1 2 $ 2B 44 51

3 Cases
1 1 $ Case 1: B-PORV

6 $ in PDS Group i e

B-PDRV ;

0.000 1.000
1 1 $ Case 2: $2 stre break

2 $

Brk-$2
1.000 0.000

Otherwise $ Case 3: All other break stres
1.000 0.000 $ and POSs not in Group 1

10 Cooling for RCP Seals?
. -$ PDS - 7th Letter

3 B-PSC BaPSC BfPSC $ RIQ 15

2 1 2 3

3 Cases
1 1 $ Case 1: A Breaks

1

BA
0.993 0.000 0.007

1 1 $ Case 2 $2 Breaks
2

B-52
.033 .000 .967

Otherwise' $ Case 3: $3 Breaks
0.000 0.000 1.000

1

A-4
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11 initial Containment Leak or Isolation Failure? $ P05 - 7th Letter''

2 6 Leak nob Leak $ Leak = 0.1 sq.ft. $ RIQ 56 01'

1 1 2 $ Seabrook data 68 69 71. *

0.00500 . 0.99500
12 Event V - Break Location under Watert

! V-Wet V-Ory $ Zion FSAR calculation .

3 1 2

0.500 0.500
13 RCS Pressure at the $ tart of Core Degradationt $ RIQ 14 15 17

4 (-$5Pr [-HtPr E-ImPr (-LoPr $ 23 28 29

2 1 2 3 4

4 Cases4

2 1 1
$ Case 1: Large Break

1 + 4 $ Low Pressure - 200 psia or less.

Brk-A or Brk V $ [ Following cases cannot have A stre breaks ]

0.000 0.000 0.000 1.000

1 1 $ Case 2: No Break in the RCS
6 $ - Systern Setpoint Pressure - around 2600 psia.

B PORV $ { Following cases must have $2 or $3 or $GTR )

1.000 - 0.000 0.000 0.000
$ Case 3t Sec. DePr. & ( $3 or $2 or $GTR )

1 9
1 $ - IM Pressure - 200 to 600 psia.

$ec0ePr
0.000 0.000 1.000 0.000

Otherwise $ Case 4: $2 or $3 with AFW but noDePr or with no AFW
0.000 1.000 0.000 0.000)$ High Pressure - 1000 to 1400 psta.

14 Do the PORVs or SRys Stick Opent
2 PORV-St0 PORVnst0 $ RIQ 15 17 18

2 1 2
$ 21 22

2 Cases
1 13 $ Case 1: RCS at setpoint pressure, no breaks -

1 $ All the water loss is thru the PORVs.
E-$$Pr

0.500 0.500
Otherwise $ Case 2: RCS not at setpoint pressure -
0.000 1.000

15 Temperature-Induced RCP Seal Failuret (Aftercoreuncovering)
2 IB PS$3 noEB-PSF $ RIO 17 18 21

2 1 2 $ No 52 Seal Breaks - .$ 22

4 Cases $ only 0.4% were $2 in AStP.

I 10 $ Case 1: Have seal coolitig.
1

B-PSC
0.000 1.000

2 13 14 $ Case i. 'e.$ at Setpoint Pressure.
* 2 ,I

E-S$Pr & PORVnSt0 $ Distributton f rom ASEP special panel.
0.707 0.293

1 13 $ Case 32;RCSatH10hPressure. ,

2

E HiPr
0.650 0.350

Otherwise $ Case 4: RCS at IM of low pressure.
0.600 0.400

,

16 !s the RCS Depressurtred before Breach by Opening the PZR PORVs?
2 Prin0ePr noPr0ePr $ RIQ 15 17 18

2 1 2 $ 21 22

2 Cases
3 6 3 3 $ Case 1: Have AC Fower, ano Operators

l $ have not already failed to DePressurtre.** -41

B ACP & nob-LPl$ & nob-[CCS
0.900 0.100 $ Case 2: No AC Power.

Otherwise $ Opening the PORVs is prohibited
0.000 1.000 $ by procedures .

A-5

i

- .
.. .



j %#9c3; M _. , ! r
i

_

,. . -
'6

; - ,.
-

,

17lempereture:InducedHot'LegcrSurge(ine'BEeak'? ' '

' ' ~

.

.. .

l'01stribution f rom .RIQ , 18 ?!4;. : 2y 18 HL A J notB-NLA '
,

c2 . .11 2- 8 In-Vessel issue 1. -
:i ' < '

i '3 Cases
. $ Case 1: No breaks & no AFW . r

;s <
.

. ,'.
; :4? , 13 16 ' , 14. ~15,a .

.
. .'1 '*..- 2.*.. 't '' . 2 $' RCS around 2500 psia.
[ $$Pr. & noPrDePr & PORvn$t0' & notB-P$f $ Hot leg break likely.

.s .. 0.722i .0.278
Mig 6 < '1 1. . B B

' -2'* !L $

16 , 14 $ Case 21 $3 break & no At' .,

M, (. ,3 + 5 ) *( ! 2 +. . 4)* .

- RCS around 2000 psia !..
L

X
. ( Brk $3 ;or B $GTR ) &(i $0aHR or $5dHR ) & noPrDePr & PORVn$t0' $. Hot 160 break unitkely :y

'
,

0.357 . 0.643 - . .

-

'

,
Otheruse '-- no$$Pr - $ Case 3: RCS not et 2000-2500)sta.*

'
. 0.001 0.879 .,.

-18 Temperature induced $6TRt
..

RIQ ' 22 $8 h I>23.(-$GTR$3 not $GIR $ Olstribution from-'
;

''2 . I 2; $ In-Vessel Issue t. Free is corditional to a 17*
1

,

'2 Cases q
4 13' 16" 14 '15 $ Case la No breaks & no AFW -

'

>

~"; . *l 2! . 2 .2, $ RC$ at setpoint pressure.* *

|t-$$Pr & noPrDePr & PORVn$to & nolB PSF ' $ $GTR very unlikely.
,

'

0.018 - 0.952 i
Otherwise . $ Case 2: RCS not c'. Setpoint Pressure .i<

0.000 ' l.0001 $ - $GTR not creath.) 1

19isACPowerAvailableEarly(BetweenuncoveringTAF&VB-30 min)? -}
<

^
-3 [ ACP. EaACP

'

(fACP $ RIO 20 - 24 ;
2 1 2; 3 $ 25' 44- t

-7 Cases .!
'

,

, . 1 6
,

$ Case 1: Had power initially
'

~

,

. 1 $~ - have power now. ;

T' B-ACP .. .. $ B-ACP. implies SG-HR. i
1.000 ' 'O.000 0.000- l..

. 1 6- $ Case 2: Power failed initially i
*- 3. '$ not recoverable. -!

'BfACP $ Remaining cases have recoverable power. .!-

0,000 0.000 '!.000- < ;I
2 8' 8 $ Case 3: No initial AFW, (FastIMLB')! '

2L'+ 3' $ Recovery period = 0.5 to 2 hours,t *

$GaHR or $GfHR $ ' Remaining cases have $GdHR AFW inittally available. e

0.564 0.436 0.000 . .

'

-1- 1 $ Case 4: Initial AFW & $2 Break $2RRA-ROYR & $2RRR-RCYR 3

!' '$' Recovery' Period = 1 to 4 hours, l, ,

'

'Brk $2 $ BaACP & $GdHR. implied by previous questions., ,

0,736 : 0,264 0.000 ;i

2: 1- 9 $ Case 5: Initial AFW & $3 Break - $3RRR RCYR
3 2 $ No Depressuritation of the Secondary.*

.Brk $3 & no$cDePr. .,$' Recovery Period = 4 to 5.5 hours
'

0.393 0.607-' O.000
2 |1 9- $ Case 6: Initial ArW L $3 Break --$3RRR-ROYR

D 3,* 1 $ Secondary Depressurited
9 .Brk 13 &-Sec0ePr $ Recovery Period = 4 to 10 hours

'

O.801 . 0.199 0.000'
y" Otherwise - B PORY $ Case 7: Initial AFV & no Break. Sec0ePr - TRRR-ROYR & TRRR-ROYY

U
. . 0.675 0.325 0,000 $ Recovery Period i 7 to 12 hours'

20 Af ter Power Recovery, is Coolant Injection Re-Established Promptly?
2 E RECC not RECC $ RIQ 23

0 2 1- 2
'

3 Cases,

1- 3 $ Case 0: automatic inj. ECCS operating!
1

B-ECCS
l.000 0.000<

t'

ol

> t
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yfe: a% . If clectrto power is ^
>

..

!$- .B. 19 . 3 $ Case lk + i

1. ~2'C, 1 * 2 $ restored core cooling should'
.

s

BaACP'&. E ACP & . BatCCS $ .be re-estabitaned promptly." -
' '

i O.950 0.050
'7
,

Otherwise- $ Case 2: Power not restored, or [CC$ failed.
0.000 . 1.000 $ or LPir %s been available all along.

p'
' 21 Rate of Blowdown to Containmentt [Thisisblou:,swnbeforevesselbreach.]t

4 -IBD-A [B0 12 (80-$3 noEB0 $ RIQ 27 22-

? V 1 2 '3 4
_ ,

4 Cases !
f 2 I 17' $ Case 1: Large break -
h< 1 + 1 $ inittal or induced.
| -Brk A or -(B-HLA .

0.000 !

I
'

1;000 0.000' O.000
I' 1 $ Case 2 : V no blowdown *

4 >

lI Brk V .

.

1.000 ':
'

0.000 0.000 0.000
3 1 14 16 $ Case 3: $2 break initial, '

.2 + 1'+ 1, $ induced, or deliberate. i

L Brk.$2 or PORV $t0 or PrmDePr. $ _ Includes stuct open PORV. ,

f 0.000 1.000 0.000 0.000
;0therwise $ Case 4: $3 and some $GTR -1*

E -0.000 0.000 1.000.. 0,000 ;

22 Vessel Pressure just before Breach? .r*

i # ;l S$Pr .1-HIPr' l imPr 1-LoPr $ RIQ- 23 28 ..35 ;

L 2 1 2 3 4 $ 38 39 42 ;

4 Cases $ 48 49 58 r

J 5' 21 1 1 16 14 8 Case 1: Large Break or !

;, 1+ 4 +( 2*( l + . 1)) $ $2 with PORVs open.

.

[BD A or - Brk V or '( Brk $2 & ( PrmDePr or. PORVSt0)') $ Low Pressure < 200 psia.
'

|
. 0.000 0.000 0.000 1.000 .

.

-l' 21 $ Case 2: $2 Breakr

2. '$ intermediate Pessure - 200-600 pala'. !

EBO-$7 . ~$ (NoAbreaksbyCase1) !

p 'O.000 0.000 -1.000 0.000 .I-

'

.
4- 15; 18 '1 1 $ Case 3: $3 Break .

'!
"

"' 1 + 1 + 3 + .5 $ High Pressure - 1000 2000 psia,
EB-PS$3 ore $GTR$3 or Brk $3 'or B $6TR $ [(B0-53includesB-PORY-can'tusehere) ;

* 0.000 1.000 0.00 0.000 :

Otherwise - B PORV $ Case 4: RC$ Pressure Boundary Intact .
1.000 0,000. 0.000 0.000 $ System Setpoint Pressure - 23C0 to 2500 psia.

' 23 is Core Damage Arrested? No Vessel Breach?
~ '

$ RIQ . 28 35 36 -

2: noVB VB $ 39 40 51 56 l

2 1 2 $ 57 69 70- !
9 Cases 3

'2. 19 3 $ Case 1; No power or no injection ?
v> -1 + 3 $ assures vessel breach, q

.no[ ACP or Bf(CCS $ Rest of cases have electric power t,efore VB. i

0.000- 1.000 :,

2 1. 3 $ Case 2: Large inittal Break' with LPl$ available ai4 along. !

1
.

$ RC$ will depressarire before core damage* 4

Brk-A & B-LPIS' $ has gone very far.
'

.

0.950' 'O.050 }
22 3 $ Case St.Depressurtration was either lates.or4 22 3 .

-1 *(. 4.* 4)+( 1)$ slower than it. Case 2. Chances of ;

(lLoPr % B LPl$ Jor(nol $$Pr & B ECC$ ) $ avoiding VR are less than in Case 2.
0.900 0.100

1 3 $ Case 4: The temaining cases must have recoverable ECC$. ,

*2 $ They have electric power by case 1. i

noBa[CC$ $ E.G., B-LP!S & Hi Pr goes to VB at this case. .;
,

0.000 1.000 |
,

!

'
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: t. 933. Bt $ tese,$t.ho 1:11141 AFW - 1RRD-R5R.~'
.-. , , .

# (- : t.. , 4 3). $- Recovery period = 0.5 to 2. hours. . .

' ''

.o
.

(Mt0atR.crh56fWt), $ Remaining cases have $GdHR - AFW initially availablea >; ;+

' ' ~

l . 0.900 - 0.100 ' .

$ Case 6 Cinitial AFW & $2 Break - $2RRR-ROR'&'$2RRR RCR; ;g
.,

'

,1 '1 : l'
.

;2 $ Recovery Period = 1 to 4 hours. ..

*l' s

| Brk $2- l' ' BaACP & $GdHR implied by previous questions.L
..

,

.0.700. : 0.300 ~
~

< 'G
.' ' 2 -1 - .

.2< $ ' No Depressurization of the Secondary,;
,4 Case 7: ' Initial AFW & $3 Break - $3RRR-RCR.'

'' .9' s

'3'*. >
.

' " '
,4 'Brk $3 6-no$cDePr- $' Recovery Period = 4 to 5.5 hours.

mi1 0.500 . ' 0.$00 ' ,
.

4
<,. ,

'

9' ' $ Case Bt Initial AFW & $3 Breaki $3RRR RDR.y -t t 3 .. > e

.L3 .1 $ ., Secondary Depressurtred.* .

Brk-13 &.Sec0ePr- '$ . * Recovery Perlod o' 4 to 10 hours.' ,

-!!3.5.1< '123.5.2''

-

H" Otherwise 4 B PORY , ~$ Case 9: Initial AFV & no Break. Sec0ePr - TRRR-ROR & 1RRR-ROY,'

<
.

123, $.1 ' . 123.5.2 $ Recovery Period = 7 to 12 hours.
# ' ...24 [arly sprayst;

, - 2 :1
'ta$p- Ef$p- $ kl0 -- 26 . 31.3 E-Sp..i-

1 2 3 4 '43 $8?
V: .4 Cases
C' l ie :3 '4'

'

'$ Case li Had sprays on or- '^4 4- >-
,

g .

1 +=$ +' 6 , -$. operating on ps demand
'

.H
,

'

| B $p or BA$p or BC$p- . .~

r 1.000' O.000 :0.000 ,'' 1 4- $ Case 2:' $ prays were failed
.3 $ - stay failed. .3

Bf$p' .

*- 0.000 .0.000. -1.000-
_

; , t' 4
.

19 $ Case 3: $ prays were available and have power now
,

t
''

1 $ - sprays operate. Eveu if containment pressure.. ,

Ba$p- & E ACP $- never gets high enough for auto actuation, assume r
*''

1.000 . 0.000 0.000 $ . operator will turn on sprays to cool sump water.
' -$ Case 4: No power

..Otherwise
.

0.000 $ - sprays renein available.0.000 . 1.000
!$ [arly Fan Coolerst . 9

'3- E-FC (arc [fFC $ RIQ 26 40' n
: 2 I it- 3

- 4 Cases . . .

i 1: .$ $ Case 1:.Had fan coolers at start,

1 $ i - have f an coolers now.
B FC :

1.000 | 0.000 0.000
.1 ; ^5 $ Case 2: Fan coolers were failed

3 $ - stay failed.
F.fFC . ,

-
'

' '
O.000, 0.000 1.000' ..

i

2- $ 19 $ Case-3: Fan Coolers'were available and have power now -
'!' 1 $ - tan coolers operate. Even if containment

.'*
, ,

. BaFC' & E ACP $ pressure never gets high enough for auto
. 1.000-- 0.000 0.000 $ actuation, assume operator will turn on.
4# $ Case 4: No power - fanOtherwise

.

0.000 $ coolers remain available,
,

0.000: 1.000
26 [arly Containment Heat Removalf'

,
^

-2 ' t CHR . IfCHR $ RIQ 27 *

2' 1 2-

3 Cases . '

.

1 2$' $ Case 1: Have Fans - Have CHR'

w
'

1 ,

m(; 4 g.FC
'

W 1.000 'O.000
+ ,

ph'

.
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: M 2- 24 20 $ Case 2: ,Have Sprays And ECC$

1 1 $ Have CHR*
-

_ . .

', E Sp and .E RECC
1.000 0.000

$ Case 2: No $ prays, ho Fan CoolersOtherwise
.1.000 $ - No CHR

"

0.000
27 Baseline Containment Preasure just before VB7

$ Pul0 - 42
1 !PBase
4 1 $ !PBase - Parameter 1
4 Cases
2 21 23 $ Case 1: ho blowdown to containment, or

4 + 1 $ no vessel breach. Containment will be
notBD or noVB $ near normal operating pressure.'

1.000
1 $ pressure in psia

.1 '!$.00
2 26 4 $ Case 2: Have sprays or Fan Coolers and

1 -4 $ Service Water. Containment*'

t CHR & B-$WHX $ will be near Ambient Pressure.
1.000 $ See $20 run in BMI 2139

1

1 19.00
1 26 !! $ Cete 3: No CHR and blowdown to

2: 1 $ containment f rom a large break.*

EfCHR & [BD-A $ Pressure around 44 Psta, $20CirFtr BMI 2139
1.000

1

1 4 .00
Otherwise $ Case 4: No sprays and no large break.

1.000 $ Pressure around 24-26 psia.
1 $ See TMLBn BMI-2139
1 26.00

. 28 ilme of Accumulator Olschuge?
3 Ac0bCM AcDdCM AcDaVB $ RIQ 29 60 50

2 1 2 3

3 Cases
4 13 .13 8 9 $ Case 1: Accumulators Otscharge

1 ) $ before Core Degradation starts4+( 4 *3 +
. ImPr ore.LoPror( $GdHR & Sec0ePr)[

1.000 ,0.000 0.000
2 22 22 $ Case 2: Accumulators Olscharge

3 + 4 $ during Core Degradation
1 !mPr or 1-LoPr
0.000 1.000 0.000

$ Case 3: Accumulators OlschargeOtherwise' .

1.000 $ at Vessel Breach0.000 0.000 .
29 Fraction of Zr Oxidized tr.-Vessel tiring Core Degradation?

I Zr0x-Inv $ PulQ 30 59

4 1 $ Zr0x InV Parameter 2
7 Cases
2 13 . 28 $ Case 1: RC5atsystemSetpointPressure(2500psta)

1 -2 $ Accm. dump before or af ter core melt*

E-SSPr & Ac0nCM $ In Vessel #5 Case la/lc
, 1.000

1

2 0.44
2 13 28 $ Case 2: RCSatSystemSetpointPressure(2500psta)

1 2 $ Accumulator dump during core melt*

E-S$Pr & Ac0dCM $ In Vessel #5 - Case Ib
1.000

1

2 0.50

A-9
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2- 13 28 $ Case 3: RCS at High Press'ure 110001400psta)
* 2 $ Accm. dump before or af ter core melt.2

E HtPr & -AcDnCM $ In-Vessel f$ - Case la/2c/L
1.000'

,

1

2 0.32
2 13 . . 28 $ Case 4: RCS at High Pressure (1000-1400 psta)-

. . 2 2 $ Accumulator dump during core melt*

[ HtPr & Ac0dCM .$ In Vessel #5 - Case 2b
1.000

1

2' O.38
2 13 28 $ Case 5: Intermediate Pressure (200-600 psta)

3 -2- 5 Accm. dump before or af ter core melt*

E ImPr & Ac0nCM $ In-Vessel f5 - Case 3a
.1.000

1

2 L. -
2 13 28 - $ Case 6: IntermediatePressure(200-600psla)

3 * 2 $ Accumulator dump during core melt
I tmPr &, AcDdCM $ In-Vessel f5 . Case 3b '

l.000'

I
t 0.52

i Otherwise E LoPr $ Case 7: LowRC$ Pressure (<200 psia)
1.000 $ In Vessel f5 - Case 4

1

-2 0.45
30 Amount of Zr Oxtdtted in-Vessel during Core Degradationt

! Hi-Zr0x Lo-Zr0x
$ 1 2 $ Put fraction Zr extdtred
1

.
2. $ into 2 categories -- need

'

2r0x InV $ this information for $UR50R-
AND

GETHRESH 1 0.4
:Fraction of 2r Oxidtred in Vessel

31 Amount of Water in the Reactor Cavity at Vessel Breach?
2 RC-Wet RC Dry $ RIQ 38 39 40

2 1 2 $ 50 56 69

2 Cases
3 7 7 19 $ Case 1: kbST not injected only

3 +( 2 -1) $i critetton for dry cay.*
,

RWSif . or (RWSla & NoEACP) $ Tiire of Accm. Dump trrelevant for DCH & Evil.
0.000 'l.000 $ If Dump at VB, it will be after DCH or EVSE.

Otherwise $ Case 2: RWST injected or sprays operating -
1.000 0.000 $ The Cavity is Full (12,000 f t3 * 340 r3).

32 Fraction of Core Released from Vessel at Breach?
1 FCorRe1 $ PulQ 33

3 1 $ FCorRel- Parameter 3
1.000 $ Fraction Released or Expelled Promptly at Breach

1 $ Otstribution from In-Vessel lasue 6
3 0.30

33 Amount of Core Released from Vessel at Breach *f
3 Hi-FCoR Md-FCoR Lo-FCoR $ This question puts the f ractions $ RIQ 38-

5 1 2 3 $ obtained in the previous question 39 48

1 3 $ into a small number of categories.
FCorRe1 s

AND

GETHRESH 2 0.4 0.2
Fraction of Core Participating in HPME
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JO Does en Alpha Mode [ vent f all both the. Vessel cnd the,Cpntainmenti-
'

"

2

. 2- Alpha. noAlpha
' " *

l' , R10 '35 38 ! ' 39
. ,0. i . .g.

~ '

i

. a ,. 4 e-

g ag . 43 ag ag-.g; g,
3 Cates

.$ Case 1: Core Damage hot Arrested and
-

23 - 22 12
'-2 *= 4 $ Low Pressure in the RC$,

VB - & 1 LoPr -
' "

0.0080 -0.9920
s

-2' 23 22 $ Case 2: Core Damage Not Arrested and :"
2 *- -4 $1 IM. High, or $$ Pressure in the RC$ ;

,

VB & no! LoPr-
.

j

0.0008 .0.9992+

, - Otherwise.; $ Case 3: Core Damage Arrested, no VB ,

'L |0.0000- 1.0000 '

135 Type of Vessel Breacht 8' RIO 36- 37+ .38-
4 Pr[j Pour 'BtmHd noVBoA $

i 40 : 42 48 - ,;

.2 1, 2' 3 4. - $ 49 SB

5 Cases ~ . a
2. 23- ~34' $ Case 1: No Vessel Breech

~~

poVB or Alpha
.

$> or Alpha f elbre 3 S-1. + l
'

.,
',^.'0.000' O.000 0.000 1.000 . i

11 22 $ Case 2: RCS at Systen Setpoint Pressure. ',
1 $ In vessel Issue 6 1

1 $$Pr- $ Case 1 ;,

u O.7900 0.1900- 0.0200 0.0000'" '
1

~

-1 22 $ Case 3: RC$ at High Pres *ure.
s

^2- $. In V #6 - Case 2 ' i

,I HiPr: !
0.6000 0.3800 0.0200 0.0000 :

' 1. 22 $ Case 42 RC$ at Intermediate Pressure. |,

3 $ In-V f6 Case 3 '

'l-imPr .

'

,

'

0.6000- 0.3800" 0.0200 0.0000
t Otherwise - l LoPr - $ Case $t RC$ at Low Pressure, ,s

*'O.0000. 1.0000 0.0000 0.0000
. 36 Does the Vessel become a " Rocket" and Fall the Containmentt

' $ RIQ . 38 39 ~ 422 Rocket noRocket

,
. $ .43 48 49 ;2 1 2

2 Cases ;

2 35 . 22.. $ Case 1: Gross Bottom Head Failure - Rocket- i*

* 3,:* 1. $ is possible only for this mode of VB- .{
BtmHd &~ 1 $$Pr. $ and at maximum pressure..in the vessel,~

';
i

~

0.001 0.999/ .

r? Otherwise $ Case !! Not BtmHd & $5Pr Rocket Not Credible. i
'

O
' 137 $1 e of HoleLin Vessel (after Ablation)?

. 0.000 1.000 .

R - 2':trgHole LSmlHole $ RIQ 38 39'

2. 1 <2 !h +

1- 35
. . .- i

'

.2 Cases .
$ Case 1: HPME - Olstribution for Hole Site j

1 .i
'( ;c ..Pr[j

0.100 0.900 -
>

Otherwise $ Case 2: Not.HPME Large Hole or Irrelevant
1.000 0.000

.38 Pressure Rise at Vessel Breacht Large Hole Cases ;i

1 DP-VB $ Pul0 - 42'

4 'l $ dpl-VB - Parameter 4
16 Cases

d
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g5-je :1j . , ; 23 : $ Case 1: No vessel Breach
k: 1'

,

noVB.." '

, . . 1.000 K
L. '1|' .$ Pressure rise in psi-
J s-41 -0.00-

'

0 '2' 34 36_ .$ Case 2: Alpha Mode or Rocket -' . .
$ .Very Lar9e Omey Value used to1 .+ 1

' $ .' Assure Contaiment Failure.| Alphe or. Rocket
1.000 -

! -1<
*

; 4- 777.00 4 --

$ Case 3: Low Pressure in RCS, or Pour6 .2- !!. 35
~

9 47 (- t. $ toads issue 9. Case 4
f- I LuPr :or ' Pour+

1.000
1

-

4, '24.90 's,

1- 37 $ Case 4: Small Hole Cases -1
;

f. .. !' $' Treated in next question
,

L 5mlHole
>1.000' ~$ The following questions are-

1' '.
'

$ thus all large hole cases.
.,

-4 - 0.00 c''

s ' 3'- 22' . 31 '- 33 ' $ Case 5: IM Pressure in RCS. 506 .
-

3 1- :1 $ Cavity Full or Part Full. --507*' * *

-

.
1,000

'

L' Hi-FCoR $ High Fraction tjected 508 -*

.1 !mPr . & RC Wet.
- =$ toads issue 9. Case 3 curve 9

'1 510 :
; ,

4 -75.70 .

511

* '3 22
'

31 .33 $ Case 6: IM Pressure in RCS. 512 '
c '

3 ' !. * 1 ' l' 2- $. Cavity Full or Part Full.~ $13 'g
' 1 imPr &:RC Wet & Md-FCor $ Medium Fractton Ejected
l' ' l.000 '$ Loads issue 9. Case 3 curve 11

. .

in 3;
'

516
5174: '51.90 .

..

.

,

,3 ' 22 - 31 33 $ Case 7: IM Pressure in RCS. 512

;- .
1 3 .$ Cavity Full or Part Full. 513-* *

3
'' 1-ImPr;. & RC-Wet .&. Lo FCor $ Low Fractton Ejected

$- Loads lasue 9, Case 3 curve 111.000" >

1- .,
516
517?4 |51.90 ..

$ Case 8: IM Pressure in RCS. 5183 -22 24 33
3: * -1 1 $ no sprays .

$19*

a, IrlmPr & > No Esp ' & Hi FCoR. $ High Fraction Ejected 520 ,

=1.000 $ Loads issue 9. Case 3A curve 13
522 .& '1. .. ,

5234- 85.20J
i ,) 3 -22 24 33 $ Case 9: IM Pressure.

* . -1 .2 $ no sprays*
!- . 3-

. & No Lsp & Md-Fcor $ int ejection1 imPr :'
,

-

1.000 $ -Case 3A curve 15
n ;g-

4; $7.2c

",

'3- 22 .- 24 33 $ Case 10: IM Pressure.
- 3 , -1 3 $ no sprays* *

.

,1 tmPr '- 6-No-tsp L' to Fcor $ low ejection
~ 1.000 ' $ Case 3A curve 15

; 1. 'm
"

4 57.2,

'

;i . .

4-.

,.

E

' A-12
i

h

(

-

_



<

4 22 ' 22 31 33.' $ Case 11: $$ of Hi Pressu'O in RC$. 524
525

.. ( ) + 2 )* . 2 1 $ Cavity Dry.*

( l-$$Pr.or 1-HiPr ) & RC Dry & Hi FCoR $ High Fractton [jected $20

1.000 $' Loads issue 9. Case 18/1C curve 5
528

1 529
4 105.00 .

33 $ Case 12: $$ or Hi Pressure in RCS.
.

4 22 .22 31
531

(' I + 2 )* 2 2.$ Cavity Dry.*

(~1$$Pror 1 HiPr )&RCDry & Md-F Cor $ Hedium Fraction tjected 632

1.000 $ Loads !ssue 9. Case IB/lc curve 7
534

.1 535
4 70.70

. $ Case 13: $$ or Hi Pressure in RCS.4 22 . 22 31 33
531

( l C . 2 )* 2 3 $ Cavity Dry.*

( l $$Pr or 1-HiPr ) & RC Dry & Lo-FCor $ Low Fraction Ejected 532

'l.000 $ Loads issue 9. Case IB/lc curve 7
534

1 535
4 10.70 542
4 22 22 31 33 $ Case let $$ or Hi Pr & Cavity Wet

*'(1 2) * 1 1+

(1-S$Pr or 1 HiPr)atidRC WetandHi FCor $ High Fraction [jected
544

1.000 $ Loads !ssue 9. Cases I curve 1 545
546

1 547
4 95.00 .

$$ or Hi Pr & Cavity Wet 542
4 . 22 22 31 33 $ Case 15:

. - 2) * 1 2*
(l *

(1 1$Pr or 1-HIPr)andRC WetandHd-FCor $ Hedium Fraction [jected
544 .

1.000 $ Loads issue 9. Cases I curve 1 545;
546

1 541
'4 95.00

Otherwise $ Case 16: $$ or Hi Pressure & Cavity Wet .554

1.000 $56
1 $ Low Fraction tjected
4 64.70 . .

$ Loads issue 9, Cases I curve 3
558

39 Pressure Rise at Vessel Breacht $ mall Hole Cases
1 DP VB ~

42 559$ PU10

4 1 $ dp2 VB Parameter 5 560
$61

13' Cases
5 ' 37 23 34 22 36 $ Case 1: Large Hole, or no VB, or Alpha, 562

1 + 1 + 1 + 4 + 1 $ or Rocket, or low Pressure - 563

trgHole or noVB or Alpha or 1-LoPr or Rocket $ Treated in previous question. 564

1.000 $ The following questions are 565

1 -

$ thus all small hole cases. 566
567

5 0.00
3 22 31 33 $ Case 2: lH Pressure in RCS. 568

* 1 $ Cavity Full or Part Full. 569
3 * 'l 570l ImPr & RC-Vet & Hi-FCoR $ High Fraciton Ejected

l'.000 $ Loads issue 9, Case 3 curve 10
572

1 573
5 63.70
3 ' 22 31 33 $ Case 3: lH Pressure in RCS. 574

575,3 1 '2 $ Cavity Full or Part Full.* *

$761-ImPr & RC-Vet & Md-FCor $ Hedium Fraction tjected
1.000 $ Loads issue 9, Case 3 curve 12

578
1 579
5 44. !.0
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1h.. 3f " 8 Case 4 FIN Pressure ti RC$| , T 574-
h ( [g ij?337; . s : . 'l A - , 3, 8 - . Cavity Full or Part Full. ; $75 '

,
,

i 3 3 :*%
' p s I-idr? 4 RC-Wet &''Lo-FCor $. Low Fract ton Ejacted . . ,

s

576''

! y ;i, .

1,000 '
' |$' Loads lasue 9 Case 3 ' curve'12. .r

518-Q y. '

! 579 |g = e 5, "t 44.50 *
.

33 $ Case 5: IM Pressure in RC$,. 580 -

*
.

,

221 : 24' ..y .gr , 3 - i

!., , ..3?' -In*u ? 1 8. .. no sprays .
.

581 -*

. ,

@ " D-- ' l' IsPr L & : ho'-tsp : and Hi-FCoR L $ ; ^ i High Fract ton L3ected : .

--

582.
^

-

, .>
-= Loads issue 9, Case 3 ' ; curve 14 -.$-,1.000- ;

1
,

584?'

3:
, ,, ,

U' l : Si 71.40 I .
+

Ms .J L 33! -l ' : *.
33. $ Case 65 Same as 5 but int ejected ,

585.'
,. . . . -

.. .- ,

: 22 2 . - 24 .J3: '
s

i ' Hole' Cases 5
~ '

--2. $ Loads 1stue 9 Case 3 cu- 39 Pressure Rise at Vessel Breach? L Smal).:*
-

..

1 . 1-ImPr and No,, esp and -Md-FCor ,

W','' L1.000,
si r3, ;

5 49.50 ' . - ,

' - 33 . $ Case 7f Same as 5 tiut low ejected- ,
.

. , -

.,

,..
'

13' 22 ' . ; 24 !' '

P- ,1 3 : . -- 3 3: 8 .- . Loads issue 9 Case 3 .cu 39 Pressure Rise at Vessel Breach?' $ mall:t'

LHole' Cases
'

i

i l lmPr and ho,, esp and Lo-FCor' '

9 ' 1.000 t
-

sc
21A- 1 ,

15 : O 49,50 4'

>

c 4, 22 < .- 22 . 31 . : 33 $ Case 8: $$ or Hi Pressure in RCS. 566

9.p ' -(-: .1 . 4 .' '2-)C 2 -1 $ Cavity Dry. . 587.'*

( l-$$Pr or/ |1 HlPr / ) & RC Dry -& Hi-FCoR $ High Fractton tjected -- 568 =?'*i

"' - 1.000 '$' ' Loads issue 9 Case IB/lc curve 6 --

y '

g y[ . 5
.

.

590 ? ,i t! .

$91

i

. 95.ti0: .

._

4 ' '. 22 < .22 31 33 - $ Case 9: $$ or Hi Pressure in RC$. - 592'

4,'
_

( .I'a '.2-)C . 2 - 2 $ = Cavity Dry;
.

d

* c - $93 '
(lS$Pror. 1 HIPr' )'& RC Dry .& te-FCor t$ MediumFractiontjec*J .s 1

=1.000-
'

$ toads issue 9, Case 1d/1C curve 8' '
* < < .

596 ',o G 1;
.

<

597f 5"~ -64.20 - ..

' 31 ' 33 $ Case 10: $$ or Hi Pressure in RCS. 592 -i ~ 22 a ; 22'' 4 e+ '

h (('i
1

- + .' 2 )*- 2 ; 3 $ Cavity Dry. ,
593' *

g3
, l S$Pr orc l Ht'Pr ) & RC Dry' &' Md-FCor $ Low Fraction Ijected#'

L1.000 $< Loads !ssue 9.-Case 1B/1C curve 8
'l ~ > .. . 596 ''

152 i64.20 .
597

4c 22 , . 222' 31 . 33 .$ Case lit $$ or Hi Pe & Cavity Wet
?(li=4 : '2)- ? 1 -| = * El'

H1 h Fractton !jected-
.

606-. (l.S$Pr or 1-HIPr)&RC-Wet & Hi FCor $ 9
'

p4 ', ~ . 1.000 ' .$' Loads issue 9 Case 1 . curve 2
.;3

-

608--as
.-

609 -$:o-85.80- -

33 $ Case 12: $$ or Hl Pr & Cavity Wet
'

.

t4' '22'
.

. t 2) 1 '*'. 2
22' 31 .

. (In t : *>
,,

L(1-$$Prf or 1-HiPr)&RC Wet & Hd-FCor. $ MedFractionIjected'
.

606' '

'

' 1.000.
'

'$ Loads issue 9. Case I curve 2."
-

1 608

51 85.80? 609's.. .

i TOtherwise $ Case 13.: $$ or Hi Pressure & Cavity Wet 616'-
V =1.000:
F.' .11 e 'L

'

$ ~ Low Fract hn tjected 618'
.

$ toads issue 9. Case 1 curve a*

|5' f57.60$.i
-

,

#S,s ,

..,. ,
,< .

, ;
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- 40 Daos a $1gnif toont tr Vessel Steom (xplosit.n Occurf
$ kl0 4? 48-

2 EVSE notVSE
49

2 1 2

:2 Cases
'

35 $ Case 1: Gravity Pour into Pool in Cavity-2 3*
2 $ is the only case where Evit is possible.

a

RC Wet 6 Pour
0.$00 0.500 .

Otherwise -- No (VS[ $ Case 2: Alpha Mode, or Rocket, or
0.000 1.000 $ no VB. or HPME. or cavity dry.

41 Containment Failure Pressure?
1 CF Pr $ Read f ailure Pressure and Random Number for Failure Mode
3 1 $ CF-Pr Parameter 6 $ Both PU10 42. 64

1.000 $ RndNum Parameter 7
2 $ Fallure Pressure in pstg
6 128.20 $ Otstribution from Structural Issue 2
7 0.50-

42 Containment Failure, and Type of Containment Failure? - ,

43 $6 5B5 ICF CtRp ICF Rupt 1CF Leak no ICF ICF $ hear $ RIQ

6 1 2 3 4 5 $ 61 64 08

$ C9- 71
2 Cases
2 34 36 $ Case 1: Alpha or Rocket -

1 + 1 $ Rupture Assured

Alpha or Roe et
2 1 4

IPBase dpl VB
AND

GETHRt$H 4 999 3 2 1

Oumr/ Values to Assure Rupture
Otherwise $ Case 2:
5 1 4 5 6 7

!PBase dpl VB dp! VB CF Pr RndNum

FUN-!CFFst
6[THR[$H 4 4 3 2 1

!
. User Function f or Fast Pressure Rise

43 $ prays after. Vessel Breacht $ ( The $ to 30 minutes after VB are cructal
* 3 12-$p 12a$p 12fsp $ for spray removal of the RCS releases

2 1 2 3 $ for $$Pr and HtPr cases )
$ R10 45

5 Cases
3 24 34 36 $ Case 1: Sprays f ailed - remain f ailed.

3 + 1 + 1 $ Alpha or Rocket always fati sprays.
Efsp or Alpha or Rocket

0,000 - 0.000 1.000
2 24 42 $ Case 2: Sprays available & no Cat. Rupture -

2 -l $ $ prays stay available. ( Have not asked,
*

Ea$p & nelCFCRp $ powei recavery since last spray question. )
0.000 1.000 0.000

2 24 42 $ Case 3: 'Jprays operating & no Cat. Rupture
1 -l $ $ prays stay operating.*

E-$p & nolCFCRp

1.000 0.000 0.000
2 24 42 $ Case 4: Cat. Rupture at Vessel Breach -

l' 1 $ Sprays Operating*

[ $p & ICF CtRp
0.000 0.000 0.100

Otherwise ~ ta$p & ICF-CtRp $ Case 5: CR at VB. sprays only available.
0.000 143,4,1 143.4,3
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? Ivi ; Power'Available U te (during CC1)?fS ' i| My%i ' u
J 3L ..L.ACP- LeACP . ' LiACP 1;. $ y. ~$ R10 45 46 ' .$1, ', g

Q:p'7 g [7;xCases - i >
''

gz ;g; -t- 3: ,,

a,, V :
-19 $ Case 1: Had power inititlly or

.t- -1 ' g
1. -$' recovered it already .have power now, !7T; 4

,

.[ ACP . . .

'

-- -
.

B W 11.000 :0.000 0.000~ . .M Ji'y
~ . ,19 $ Case 2: Power felloo' initially''jy 1,o-<

%< 3: $. < not recoverable.
![fACP . $ Remairiing cases.havelrecoverable power <* *

~,

, . 0.000L 0.000 . 1.000,
. - , ,

Uncov/ at 100i VB at'{160 min -No init.tal AFW, . Fasi TMLB')-@ 3: ''t, 8 - 8~ $ Case 3:< '>

y< . . . -: 2 O ( SL $
*

C y. g '$GaHR or $Gf MR - $ Recovery period = 2 to 9 hours.4

;) 0.888 0.112 0.000 $. - Remaining cases have $GdHR - AFV init tally anellable.
,

$5p 1 1 $ Case di Initial AFW L $2 Break y $2RRR ROYR & $2RkR-RCYR:1

2 .- $ Recovery Period = 4-to 9 hours.-s

trk-$2 | . . $ BaACP & $GdHR impiled by previous questions.-

s . - 0.7 54 .0.246 -0.000
L2- 1 9 2$ Case $:' Initial AFW & $$ Break ~ $3RRR-RCYR', ,/3 *( 2 '$- ho Depressur1:stton of the Secondary

' ,
'

^' , Brk*$3 -~ L no$cDePr
.

,'$ - . Recovery Period = 5.5 to 9 hours,

>-0.601- 0.399 0,000,

a
'

t' 1. 9 '$ Case 6: Initial AFV & $3 Break - $3RRR ROYR '
3 *L. .! $? Secondary Depressurtred+

;Brk-53'&_'Sec0ePr $ Recovery Period = 10 to 17 hours
. -0.731 ' O.269 ' O.000

' '

y% Otherwise - B-PORV . . 1 Case 7: Initial AFW & no Break. Sec0cPr - TRRR ROYR & TRRR ROYY. C

0.604- . 0.396 0.000 $ Recovery Period = 12 to 17 hourr,
;!45 Late Sprays? (during CC11' <

,4:
"

3' L-Sp La$p - . Li$p ' $ R10 4 7. - 50 $2. , -

| 2' :1, t .3~r"
,

4 Cases~

it - 43 _ $ Case 1: Had sprays after VB,- have sprays now,
,u 1

'12-Sp
.

.

,
.

1;000 ,0,000 . 0.000
-1. 43 ; $ C4se 2: Sprays failed earlier - stay failed.''
-

s

jd : ,3
* i'12f$p-

0,000 0.000 1,000-
4' ; ,2; $ Case 3: Sprays'were available and power has been!

2/ -f
'44-43 : .

1 3- recovered, so sprays operate.
,, ,

12a$p. L& DL.ACP
1,000. 0.000 0.000-

' " ' $ Case 4: AC power not recovered, so<Otherwise _

0.000 $ sprays remain available,0.000- :1,000 -

> ' '46LateFanCoolersti
1. ;4, g' g 3' L-FC' LaFC tifC $ R10 = 47 - $3 -

h 2 . 1 2 3 -. i

-4 Cases.
.32 25 $ Case it'Had fan coolers before*

IL $ - have fan coolers now. .d,

=t-FC'
| . .

-1,000 0.000 0.000-
1 25 $ Case 2: Fan coolers were failed.i '

:3 $ - stay f ailed,
[fFC' .

'
.

'' ' O.000 0.000 1,000

W

i
+

.!C *
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2' !$. 44 $ Case 3: Fan coolers were available and haee power noa
2' *

1 $ - fan coolets operate,

Earc & L ACP
y

1.000 . 0.000 0.000.

Otherwise $ Case 4; ho ptwer + f an
0.000 1.000 0.000. $ coolers renete available.

,

47 Late Containment Heat Removalt
2 L CHR- LtCHR

t 1 2

2 Cases
'1 40 $ Case 1 : have fan coolers

1

L FC
1.000 0.000

Otherwise $ Case d No 5 prays, ho Fan toolers
0.000 1.000 $ - No CHR

48 Amount of Core Available for CCl?
3 trg-CCI Med-CCI $ml CCI $ Large means > 70% $ RIQ $7

2 1- 2 3 $ Medium means > 30% and < 70%
6 Cases $ Small eneans < 30%
2 34 36 $ Case li Alpha Mode or Rocket

1 + 1

Alpha or Rocket
0.000 1.000' O.000 .

.

1 35 $ Case 2: No Vessel Breach
/.

4N' . JA
P 000 0,000 1.000

4 35 .35 22 33 $ Case 3: HPME and Fr. Ejected Not Small

( l+ ( 3 -4 ))* -3*

( Pr[j or ( BtmHd & nol-LoPr))& hotoTCor
0.000 1.000 0.000

4 35 35 22 33 $ Case 4: HPHE and Fraction (jected Snell

( 1+ ( 3 <t))* 3*

( Prtj or ( BtmHd &' nol LoPr)) & Lo-FCoR
1.000L 0.000 0.000

4 35 35 22 . 40 $ Case 5: Gravity Pour and EVSE

( 2+ ( 3 4 )) * 1*

( Pouror( BtmHd & 1-LoPr))& [VSE
0.500 0.500 0.000

Otherwise $ Case 6: Gravity Pour, no [VSE

1.000 0.000 0.000
49 15 the Debris Bed in a Coolable Configuration?

2 CDB noCOB $ RIQ 50

2 1 2

.5 Cases
2 34 36 $ Case 1: Alpta or Rocket -

1 + 1 $. At least some of the Core Oebris will
Alpha or Rocket $ be widely scattered througnout containment.
0.700 0.300

1 35 $ Case 2: No VB.
4

noVBoA
1.000 0.000

1 3 35 35 .

22 $ Case 3: High Pressure Melt Ejection.
-4)$ At least some of the Core Debris will1+ .( 3 *

Prtj or ( BtmHd & nol-Lopr)$ be widely scattered throughout containment, ,

0.500 0.500 j

.
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1 40 $ Cass 4: 6ravity Pour with EV$(.
; <'

1 $ EY5[ likely to distribute sone debris outside containnent.'

(V$t $ But fine particles may seke debris in the cavity noncoolable.
0.500 0.500

.)t Otherwste $ Care 5: Gravity Pos.r with no [V$[.
0.100 0.900' $ Debris ted is not 'likely to be coolable.

50 Does Prompt CCI Occurf
2-PrmptCCI norrmCCI $ R!Q 55 56

2 1 2 $ 57 OB

2 Cases
4 - 49 31 26 23 $ Case 1: Coolable Deb is with Water or no VB - no

3))* 1 $ prompt CCI. Latt sprays are not constoered( l*( 1 +
( CDB & ( RC-Wet or AcDaVB ))or NVB - $ because they may start at any time during CCI

0.000 1.000 $ and water is needed f rom the start.
Otherwisc -- hot coolable or no water $ Case 2: ho water in the Reactor Cavity

1.000 0.000 $ or debris not coolable - prompt CCI.
i. 51 is AC Power Available very Late (af ter CC1)2

3 L2 #t.P L24ACP L2fACP $ RIQ 52 53

2 -1 2 3. $ 58 05 06

A-Ceses
1 44 $ Case 1: Had power initially or

1 8 recovered it already - have power now.'
O L-ACP'

1.000 0.000 0.000
1 .44 $ Case 2: Power failed initially

3- $ - not recoverable.
LiACP $ Remaining case have power recoverable.
0.000 0.000 1.000

4 B 1 1 9 $ Case 3: Initial AFW & ( no Break or $3 with SecDePr )
4 *( 6+-( 3 1 )) $ TRRR-ROYR, TRRR-ROYY. or $3RRR-ROYR*

$GdliR & ( B-PORV or ( Brk $3 & SecDePr )) $ Recovery Period a 17 to 24 houra
0.079 0.321 0.000

Otherwise $ Case 4: All other blackout cases - 1RRR-R$YR, $3RRR RCYR,
0.916 0.084 0.000 $ & $2RRR-RaVR - Recovery Period a 9 to 24 hours

52 Very late Sprayst
3 L2 Sp L2a$p - L2fsp $ RIQ 54 55 - 05

2- 1 2 3
4 Cases
l' 45 $ Case 1: Had sprays after VB have sprays now,

l'

L-$p
. -

1.000 0.000 0.000
1 45 $ Case 2: $ prays f ailed eariter - stay f ailed.

3
Lf$p

0.000 0.000 1.000
2 45 - 51 $ Case 3: $ prays were available and power has been

*
1 $ recovered, so sprays operate.2

La$p & L2-ACP
1.000 0.000 0.000

Otherwise $ Case 4: AC power not recovered, so
0.000 1,000 0.000 $ sprays remain available.

53 Very Late Fan Coolers?
3 LP FC. L2aFC L2fFC $ R10 54 06

2 1 2 3

4 Cases.

1. 46 $ Case 1: Had fan coolers before
1 $ - have fan coolers now.

L-FC
1.000 0.000 0.000
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%M) l -- ' 46 : $ Cose 2: Fan coolers were failed
..

'

ef*'' J 3 $ + stay failed.
--

Fi LfFC
0.000 0.000 1.000g . :. j ; g' 4

W 2 46 . 51 $ Case 3: Fan coolers were ave 11able
;t 2 1 $ and have power now*

,
1

gm. LaFC & L2-ACP $ - f an coolers operate.
1.000 0.000 0.000

Q= 'y|,: " ' Otherwise $ Case 4: ho power ~ fan
A 0.000: 1,000 0.000 $ coolers remain available.

. . . .

'9 - 54 Very late Containment Heat Removal?
2 L2 CHR .L2fCHR $ RIQ 56 60

2: 1 2

2 Cases
>1- 53 $ Case 1: Have Fan Coolers

1 5 - Have CHR
L2 FC

1.000 0.000

.

Otherwise $ Case 2: No Sprays. No Fan Coolers
'

O.000 1.000 $ + No CHR

4- 55 Does Delayed CCI Occurt
L 2 DelydCCI- noDidCCI $ RIQ 56 57 L

.
2 1 2 $ 68 E9

I 2 Cases. i a
T,E ' 4 50 . .$2' 50 23 $ Case 1: Old not have CCI promptly (so tiebtis

|. ( 2 - 1)+ 'l + 1 $ is coolable), and have water new. or had*

J!;
, (noPrmCCI &- L2-Sp ) orPrmptCCI or ~ noVB $ prompt CCI. or no VB - can't have CCI now,

'

M; ,
'

O.000 1.000
,Otherwise- $ Case 2: Water botied off and there are no-

s

i'- 1.000 0.000 $ sprays now - delayed CCI occurs.

@* ._ $6 Baseline Containment Pressure Very late? ..

$ Pul0 03 64
I? U 1 L2rBase

4 1 $ L2PBase Farameter B,:

6 Cases .
; .c 4 42 42 42 23 $ Case It Containment altsady
' I + 2 +5+ 1 $ rup*ured or no vessel breach.

1CF CtRp or ICF-Rupt or ICF 5H or noVB ,
''4

1.000j ,
.1'L ' "| +

8 15.00' '

by 3. 54 11 42 $ Case 2: Have CHR or a leak,
' I + 1 + 3 $ ho rupture by case 1.

L2 CHR or B-Leak or ICF Leak'

1.000
1

'8 16.00
3 50 31 28 $ Case 3: Prompt CCI with Cavity Dry af ter VB

l- 2 -3 1 - Generate only the non-cond. gases from C' .* *

PrmptCCI & RC Ory & noAcDaVD $ By cases 1 & 2 have no CF & no CHR.
1.000 $ 35 psia f rom 51CP Letter Rept..' T8 & 538.

!
8 35.00
3 50 31 28 $ Case 4: Prompt CCI under Water. Debris Bed is Not Coolable

3)$ - Generate the non-cond, gases from CCI and some steam.
1 *( 1 4

PrmptCCl & ( RC-Wet orAcDaVB)$ By cases 1 & 2 have no CF & no CHR.
1.000

1

8- '47.00
3' 55 31 28 $ Case 5: Debris is toolable, but the Cavity is only 1/4 Full.

1 * 2 '' 3 $ The Accumulator Water (1.7E5 lbm) Boils Off in about an
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@ ' y ,, DelydCC) L'. RC-Ory,&j AcDaO $ ; Hour,andthenCCI5terts.[Have$teamCndhon-Cond,| Gases. *
< .

MR@F , ' ., i : 1.000 / .

-

,

' '

w%
, r.13,

-

;, L6L _
,

$3. 00 \ ~| 4 . .
~ ''

.0therwise h 'DelydCCI L'RC Full- $ Case 6t-Debris bed'is Coolable and the Cavity is Full (7.2E5;1bm) ->

P .. 1.000 ' 1$L lt takes Many Hours to Boll Off the Water before CCI starts.
,

~1
. $. : Intact Cont. & ho CHR. ' This Case is Not Realizable at Surry.' '

' *
, .

;8 '70.00' .

. . .

y Q- 3 57 How much H2 and CO2 is Producerf during CClt c ,
,

.,

9.. - $ Both PU10: 59 -" '' 2' CCI noCCI' ' $ H2-CCl Parameter
..

f 4'. .1- 2- $ CO2 CCI J Para *ter 10,

4 Cases .
2 50 . 55 . 5 Case i No CCI.

2'*. t:'

L'. noProCCI &: no01dCCI $ H2-CCI = Hydrogen produced by CCI (Kg-moles) in additon to
0.000 1.000 .$ that produced by oxiditing the rest of the Zr.,

J 2: $- It includes any CD produced. . .

<

'

9: ~0.00 0.00 .$ CO2 CCl = Carbon Oloxide produced by CCI (Kg-moles),
,

F1 | 10 ' O.00 0.00
b I -48 $ Case 2: A large amount'(* 70%) of;'

- .~1- $ the enre is involved in CCI.'
Lrg-CCl= *

.

i .l.000 - 0.000 .
~

'2 .

9 '220.00 0.00
110 35.00 0.00 ,

Amoderateamount(3070%)of
,

-1. 48 $ Case 3:
'2 $ the core is involved in CCI.

Hed-CCI''#

1.000- 0.000
,

9 130.00 0.00
10| 22.00 0.00-

.$ Case di A small amount (s'30%) of'
'

Otherwise -- $ml-CCI.
. . ..

. . ,g'
, - 1.000 . 0.000 $ the core is involved in CCI.

s 2
,/ 9- 31.00 .0.00i
"

10 7.00 0.00>

s How much Hydrogen Burns or Leaks Out of Contatnment? . .

59

' '

.1 FrH2 Rom- $ FrH2 Brn- Parameter 11 '$ Both PU1Q ,
*- 4/ 1- $ FrH2-Lk - Parameter !!-

5 Cases
2 'l' 42 '$ Case 1: Containment has failed y

4 + 44 $ Host of the Hydrogen has leaked out. Since the.

,

Brk-V or ICF .$ containament is already failed, the fractions
1.000: $ burned and leaked do not matter much.,g

21 $ FrH2 Brn = Fraction of H2 from before VB burned at VB.'
- ,

P :11 0.00 $ FrH2-Lk' s Fraction of H2 leaked out of containment.*

12 ' O.80 ,.
. .

,

,y i, 4 35 . . . 35 . 22 24 $ Case 2: HPME occured at VB, and the containment wast

q- -' - :(. 1 4
( BtmHd

3' c -4 )) * 1 $ not= steam-inert. Most of the hydrogen from beforea

& nottoPr))&. E 5p $ VB burned. ||(;^PrEjofp J1

1.000> '

* .2
~

$- None of these cases apply when AC power is con-..

> ;Q J - 11 ,0.90 $ tinuously evallable. See Flamnability Question,
12: 0.001 i

4- ' 35 35 22 24 $ Case 3: HPME occured at VB, and the cont. could havei '

(, . 1 + (. 3* -4 )) * l $ been steam-inert. Some hydrogen from before VB* '
,

(''PrEjor( BtmHd &, nottoPr))&noE-5p $ could have burned but the hydrogen produced at'
J 1.000 $ (3 is not likely to have burned.

~;, ,

4:; 2

&

N
1 4
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11 0.30
.71 12 0.00-

. $61R and Pour - Most of the H2 f rom before VB will have
.

dO l 3 'l' .46- 35 $ Case 4:
.(' $- + . , 1 )* 2 $ leaked out thru the SGIR. but a gtrd portion of the H2 '

( B-$GTR ore-$GIR$3 ) & Pour $ from CCI will remain in the containment.
1.000

.t

11 0.00
'It 0.50

Otherwise $ Case 5: Intact Contalment and no burn -

2 ~ 1.000
$ All the Hydrogen generated
$ remains in Containment.

11 0.00
12 0.00

59 Add H2 produced by CCI to 62 already in Containment $ PIB U10 61 63
!- L2-H2 L2nH2.
5 1 2 . $ L2H2 Cnt- Parameter 13 is defined in the User Function
6 .2 9 10 11 12 13

Zr0x inV H2-CCI CO2-CCI FrH2-Brn FrH2-Lk L2H2-Cnt-

FUN H2CCl
' THRESH'. 1 0.001 $ Function also adds CO2 to inert gas-

L2H2 Cnt defined in User Function
60 Amount of Steam in Containment after CCl? - $ PU10 61 - 63

1-~L2$tmCnt
4 1 $ L2$tmCnt- Parameter 14
2 Cases
1 54 $ Case 1: CHR Operating

1 $ 300 kg-moles calculated from
L2 CFR $ $20 Epsilon in BMI 2104

1.000 $ T = 132F, p= 14.2 psia

1 =

$ assuming saturation

14 340.00
Otherwise $ Case 2: Sprays Not Operettrg

1.000 $ 3000 kg-moles - calculated from

1 $ THLB'-Epsilon in BMI 2104

14 3350.00 $ T = 249F. p= 53.7 psia
:
-

61 la the H2 Concentration Flamable? $ R10 62
2 (2-H2F noL2*H2F
6 1 2

2 Cases-
4 11 42 19 24 $ Case it Isolation Failure or Cont. Failed at VB -

1 + -4 + ( l 1)$ Combustion Not of interest; or, Had AC Power &*

B-Leak or 1-CF or ( E ACP & E-Sp)$ Sprays All Along - H2 will Burn whenever t.w Cont

1 13 $ Atmosphere becomes Flamable - these Small Burns

L2H2 Cnt $ will Not Fall the Surry Containment.

'AND'
' THRESH' t 921.000

High Dum y blue
Otherwise $ Case 2: Containment intact

2- 13 '4 $ Compare H2 concentration to limits

L2H2 Cnt L2$tmCn.
FUN-FlHBL
'GETHRESH' 1 2.000

BRN11P returns 2 for Deflagration, 3 for Detonation
62 Does ignition Occur? Conversion Ratlof

$ RIQ 63 64
2 L2-HB nolf-HB
4 1 2 $ L2 ConvR- Parameter 15 $ Both PU10 - 63

3 Cases $ dp-Scale- Parameter 16

2 61 51

1- 1 $ Case 1: H2 Concentration is Flamable and*

A-21
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.LkH2F.- & L2-ACP. ;$ AC Power is Available -
0.999 0.001-' $ Ignition is Highly Likely. ,

.t

15 0.9% ' O.00 >
16. 0.90- 0.00 . ., ,

't 61- 51 $ Case 2: H2 Concentration is Flamable and'* '
-

I -l ' $ AC Power is Not Available -;*

'L2 H2F & noL2 ACP $ Ignition is Indeterminate.
0.300 0.700

2-
'15 0.95 0.00

16 0.90 0.00o
''

'Otherwise $ Case 3: Concer. ration not flamable or steam-inert.
0.000 1.000

,2 $ L2-ConvR * Conversion Ratio e Contustion Efficiency
15 0.00 0.00 $ dp-Scale * Scale factor on pressure rise

' 16 0.00 - 0.00-

63 Resulting Pressure Rise?*

! ' 2 L2-H2Rrn L2nH2Brn 3 Pl? U10 64
-6 1 -2 $ dp-L2HB - Parameter 17 .

..

2 Cases $ P19 Defined Here in User Function
-1 62 $ Case 1: No Ignition'

'',
2

*

noL2-HB
l- 17 $ L2H2 Cnte H2 in Containment (Kg-moles)

dp-L2HB . .$ L25tmCnt a Steam in Containment (Kg-moles)
FUN-NOBURN.
'THR[$H' .1 999.000

Set OP-LPHB to zero.
Otherwise

~

$ Case 2: Ignition-
.

6 . =13 14 15 8 16 17-
L2H2-Cnt . L25tmCnt' L2 ConvR L2PBase dp-Scale dp-L2HB
FUN-LH2BRN
.'1HRE SH' , . I 1.000

Calculate pressure rise f rom combustion
~ 64 Containment Failure, and Type of Contairment Failure?

5 L2CF-CRp .L2CF Rp L2CF-Lk L2CF SHEAR no-LPCF $ RIQ 65 68 -
6'' 1 2 3 4 5 $ 69 71
2 Cases

-1 42 $ Case 1: Containment already failed -
+4 $ Can't fati now.

ICF -
1 8

L2PBase
ANO

. GETHRESH 4 999 888 777 666
. Dumy Values to Assure No failure

Otherwise $ Case 2:
4 B. 17 6 7

L2PBase -dp-L2HB- CF-Pr RndNum

-FUN-LCFFst~
GETHRESH'4 4 3 2 1
User Function for Fast Pressure Rise

65 Sprays after Very late CF7.,

'

'2 F-Sp =nor-Sp $ RlQ. 67 68
2' 1 2

3 Cases
2 52 51 $ Case 1: Sprays fatted or power not recoverable.

3 + 3 $ Assume AC power always recovered by this time.
L2fSp or. L2fACP $ so sprays operate unless damaged by CF
0.000 1.000 $ in the remaining cases.

1
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l. O >$ Case 2: Cat: strophic rupt',re of containment *
r - X^:-~ j

'

>
. . '1. $ spray failure unlikely.; ,

p - L2CF.CRpp' . . $~ .Use the same values as in question 42.

[ 143,4,1 -143.4,3
L ~ Otherwise .

18 Case 3: No catastrophic rupture --
,

K
. = 1.000 - 'O.000 $ . sprays operate.

', 'm' s 66 Fan. Coolers after Very Late CFt -.

67-" '
- 2 F FC FfFC' - $ RlQF .1

2 1- 2
2 Cases. .,<

;- ; 2, b3 .51 $ Case 1: Fan coolers failed or power not recoverab1r.
E '3+. 3- $. . Fan coolers do not operate.

|^ L2fFC or .L2fACP
J 10.000 3.000- $ Case 2: Fan coolers either were operating or'

,
.

l

:~ Otherwise $ were available and we assume that we '
.1.000 0.000 $ have power now fan coolers operate.[?

. 67 Containment Heat Removal after Very late CF7;-

P- 2 ~F-CHR- FfCHR $ RIQ 69- ,

i. 2 ~- 1 2 . :
$

2 Cases . .

;. . 2' 65~ 66 '$ Case 1: Have Sprays or Fan Coolers
'" '

l.+ . 1 $ - Have CHR .i
, . i

. F Sp or F FC
L 1.000 0.000, f

|E Otherwise $ Case 2: No Sprays, No Fan Coolers
:0.000 1.000' $ - No CHR

.
1145 [

.

68 Eventual Basemat Mel' throught .

70 . .1146 '|- - 3 Min 0ePr Miw0ePr . noMT $ RIQ

2 . 1 2 3 1147- +
*

1148.7 Cases . .
42 - 64 $ Case 1: Containment failed already, . 1149

f' ~ 4 11 23 - ,,>

. ' 1-. + 1+ -4 +: 5 $ or no VB' .BMT is not of interest. 1150. .i

B Leak or noVB or. . ICF or 'L2CF' 1151 '|

1152 >' 0.000 - 0.000: 1.000 . . .

,

*
3: 50'' F5 65 $ Case 2: Coolable debris bed and sprays operating' 1153 i

-2 2- .1 $ - no basemat melt-thru. If FCs drained to the 1154
'

' ' ' *

' - noPrmCCI & no01dCCI' & F-Sp. $ cavity, could use F-CHR instead of F-Sp. ~1155 [
0.000- 0.000 1.000 !!$6'

48 ' . 65 '. $ Case 3: Large fraction of core in CCI, water covered. 11572 :

b' 'l -* 1 $ This and the following cases must 1158 f
s

'

F-Sp . $ have CCI by case 2. 1159
y Lrg-CCIs&

0.300 -O.100 0.600 1160' 1"

22' . 48 J . .65 $ Case 4: Large fraction of core in CCI, dry cavity. 1161 'l

1~ * 2 1162' ' I
*

- Lrg CCI & noF-Sp -1163

. 0.400 ~ 0.400 0.200 .

'1164 ,

. 2 48 . 65 $ Case 5: Medium fraction of core in CCI,' water covered 1165
2.*' . 1

'

1166 ;

Med-CCI '& .'F-$p 1167
.

*

.

0.150 -0.050 0.800 .

:!!68
E'. '2 - 48 . - 65 $ Case 6: Medium fraction of core in CCI, dry cavity,. 1169

'2 . 2- 1170* ;
,

Med CCI - & : noF-Sp 1171
*

0.250' O.250 0.500 1172 i-

Otherwise - Smi CCI $ Case 7: Small fraction of core in C01, wet or dry, 1173 - '
, :

..
0,025 0.025' O.950 1174 1"

'
'

: 69 Eventual Overpressure Fallure of Containment?
2 ; F CF-OP. noFCF0P $ RIQ 70 ;;
2- 1. 2 !

.f- 3 Cases

,

P
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$ 11 23 42 64 67 $ Case 1: Containment is already
-5 + 1 $ f ailed, or have CHR, or have1+ 1 + -4 +

B-Leak or noVB or ICF or L2CF or I -C HR $ no Vb - OP now not credible.
' O.000 1.000

2 55 31 $ Case 2. CDB boiled of f a f ull cavity
1 1 $ of water - OP now is at least possible .*

DelydC(1 & RC-Wet
0.050 0.950

Otherwise $ Case 3 Did not boil of f f ull cavity - nonconuensibles alone
0.001 0.999 8 or with boilof f of accumulator water won't result 'n OP.

70 Babemat Melt-through before Overpressure Failure? 1189
3 F-BMT FCF-Lk keither $ kl0 71 1190

2 1 2 3 $ Yery Late DP f ailure is always leak 1191
; Cases 1192

68 69 $ Cate 1. Ha've eventual BMT, but 1193t

-3 2 $ do not have eventual DP. 1194*

BMT & noFCFDP 1195

1.000 0.000 0.000 1196

2 68 69 $ Case 2: Have eventual OP, but 1197

3 1 1 do not heve eventual BM1. 115B*

noMI & F-CF-OP 1199
0.000 1 000 0.000 1200

2 68 69 $ Case 3 Have eventual OP and tuve 1201

1 1 $ BMI which does not depressurtre 1202*

Min 0ePr & F CF-0P $ containment in two hours or less 1203
0.250 0.750 0.000 1204

2 68 69 $ Case 4: Ha 'e eventual DP and have 1205
2 1 $ BMT which oces depressurtre 1206*

Mtw0ePr & F-CF-09 conta innent in two hours or less. 1207
0.500 0.500 0.000 1208

Otherwise $ Case 5. Have neither BMT nor 1209
0.000 0.000 1.000 $ OP, or already have CF. I?l0

71 F inal Containment Condit ion?
6 F-Ruptr F-Leak I-MT Bypass noCF Shear
2 1 2 3 4 5 6
6 Cases
4 42 42 64 64 $ Case 1: Containment ruptured.

1 + 2 + 1 + 2

ICF-CtRp or ICF-Rupt or L2CF-CRp or L2CF-Rp
1.000 0.000 0.000 0.000 0.000 0.000

4 11 4? 64 70 $ Case 2. Containment leaks.
1 + 3 + 3 + 2

B-Leak or ICF-Leak or L?CF-Lk or FCF-Lk
-

0.000 1.000 0.000 0 000 0.000 0.000
2 42 64

5 + 4

ICF-Shear or L2CF-Shear
0.000 0.000 0.000 0.000 0 000 1.000

3 1 1 IB $ Casr 3: Containment bypassed.
4+ 5 1+

Brk-V or B-5GTR or E-5GiRS3
0.000 0.000 0 000 1 000 0.000 0 000

1 70 $ Case 4 Basemat Melt-Thru
1

F-BMT
0.000 0.000 1.000 0.000 0.S00 0.000

Otherwise $ Case 6: ho Containment failure.
0.000 0.000 0.000 0.000 1.000 0.000

72 Time of core damage
2 [Cor0 LCor0
? 1 2
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. f. Cases .
U .A> 3 8 5' i

' 5 + 1, +( - P L' ~1)-
t2 Bi[CCS or SG-HR or(Ba[CCS and E ACP)

.. 0.000 1 1.000'

'0therwise
1,000 0.000

.
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!" T ' APPENDIX B-a
.'p.

W- c '
Realized- APET Split Fractions-- ,

-
for tho' Zion LOCA PDS Group

,

.

LThis Appendix lists the realized split fractions from a sampling>

9 . evaluation.of ".he Zion LOCA APET. The evaluation consisted of 150 Latin;

Hyporcube Samples, with the . questions sampled according to the-input sampling

files obtained from BNL.

Realized'LOCA split fractions,150 LHS, base case, no truncation

. . 1 TREE 10: L ZION'APET, Rev 6. B MAR 89 - 72 Questions - P05-2,7 LOCAS4,
'

# OF QUESTIONS: 72,

OBSERVATIONSi !!$
.

"

FOR SERIT' A CET FINAL SAMP.

SEQUENCE ? PDS-2, LHS-

I

' OUESTION: l Size'end location of RCS Break when the Core Uncovers? $ ]
,

i********
i

Q-TYPE /TlHES ASKE0; INDEP. INPUT PROB. . 300 I

BR/NrHES: Brk-A Brk-52 Brk-S3 Brk-V B SG1R B PORV'

!
1- 2 .. 3 4 5 6

REALIZED SPLIT: 4.600E-02 9. SAGE-01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 i

******** '0UESTION: 2 For SGTR, are the Secondary System SRVs Stuck Openi $-
'

Q TYPE / TIMES ASKED: INDEP. INPUT PROB, , 300 j
. BRANCHES: SSRV-St0 '$$RVnst0

1 2-
-

TREALIZED SPLIT: 0.000E+00 1.000E+00 (

;********-~QUESTIONi 3 Status of ECCST 8

Q iYPE/ TIMES ASKED: DEP. INPUT PROB. 900 j>
s

'

" BRANCHES: B ECCS BaECCS BfECCS B LPIS B)[CCS< ,

1 2 3 =4 S

REALIZE 0 SPLIT: 0.000E+00 1.B40E-05 9.258E-01 2.862E 04 7,393E-02
g
a

' SUMMARY BY CASE'

CASE NUMBER / SPLIT: 1 4.600E-02 a

9 OEPENDENCIES: 1 ~'

:REO. BRANCHE$t 1
*

i

OESCRIPTION: Brk-A
CASE / BRANCH SPLIT: 0.000E+00 1,B40E 05 S.824E-03 0.000E+00 4.016E-02

,

1 CASE NUMBER / SPLIT: 2 9.540E-01
DEPENDENCIES: 1

REQ. BRANCHES: 2 .j. DESCRIPil0N: Brk-$2
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 9.199E-01 2.B62E-04 3.377E-02

.

$ .
* *

. QUESTION: 4. Status of Sprays?********
I

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 900

B-3
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LBRANCHES: B-Sp/ Ba$p. -. BfSp- : nob-St!HX BASp BC$p.'
# .

+

1 2- '3<.2 4 -- . . 5 . 6 m-'

;REAll2E0 SPLITi-- .1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00!

' SUMMARY BY CASE

. ' CASE NUMBER /SPLITil il :4.600E-02c
h DEPENDENCl[S: -1

.

REQ. BRANCHES: 1:.

DESCRIPTION: L Brk-A'

.. CASE / BRANCH SPLIT:! 4.600E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E400.

.(

CASE NUMBER / SPLIT:- -2: 9.540E 01'
'

DESCRIPTION:' ... ' Otherwise
" CASE / BRANCH SPLIT: 9.540E 01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 .

"A***** 00EST10N: '$- Status of Fan Coolers? $.
, '.Q-TYPE / TIMES ASKED: DEPJ' INPUT PROB. 2700

-BRANCHES: B-FC BaFC' BffC
1 . 2- .. 3

5.555E-01 3.453E-03 4,410E-01REALIZED SPLIT: >

y
'

SUMMARY BY CASE
,

CASE NUMBER / SPLIT: .2 9.540E-01 ..

"
. DEPENDENCIEst 1.'

~ EQ. BRANCHES: .2R
;

. 0ESCRIPTION ' Brk-S2
' CASE / BRANCH SPLIT: 5.'097E 01 3.434E-03 4.40BE-01

'

+

~ CASE NUMBER / SPLIT: 3 -- 4.600E-02
' DESCRIPTION: Otherwise . $ case' 3 : A/$1

CASE / BRANCH SPLIT: 4.582E-021.B40E-051.610E 04
,

"*"*" ~ QUESTION: 6. Status of AC' Power? .$'
'

Q-TYPE / TIMES ASKED: In0EP.; INPUT PROB.' 2700-
B*ACP- BaACP BfACPBRANCHES: c

1- 2 3

.'REAllZED SPLIT:
,1,000E+00 0.000E+00 0.000E+00

.

'

+ u.u .e4 QUESTION: 1.7 0 RWST Injected into Containment? $1

. -TYPE / TIMES ASKED: ',DEP. INPUT PROB. . . '4050
Q''

: BRANCHES:' RWST In . RVSialn - RWSTfin - h4

-1 ~2 .. 3e. ..

- 9.943E-01 0.000E+00 5.658E-03REAllZED SPLIT:, ,

SUMMARY BY CASE-

vCASE NUMBER / SPLIT: l' 4.600E-02
.0EPENDENCIES: 1

REQ. BRANCHES: 'l'

_ .0ESCRIPil0N: Brk A . .

CASE / BRANCH ' SPLIT r 4.034E-02 0.000E+00 5.658E-03

, CASE NUMBER / SPLIT: 2 9.540E-01'

'0EPENDENCIES: -1
REQ BRANCHES: 2:'

.-DESCRIPTION: Brk-52

{ CASE /BRANCHSPLII: 9.540E 01 0.000E+00 0.000E+00
,

* """** QUESTION: 8 Heat Removal from the Steam Generators? '$

B-4
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Q TYPE / TIMES ASKED: DEP. INPUT PROB. 4050

BRANCHES: $$-HR SGaHR $6fHR SGdHR

1 2 3 4

REAtlZED SPLIT: 1.000E+00 0.000E+00 0.000E+00 0.000E+00

SL' NARY BY CASE

CASE NUMBER / SPLIT: 2 1.000E+00
DESC'IPil0N: Otterwise $ Case 2: All other brea

CASE /BRAVH SPLIT: 1.000E+00 0.000E+00 0.000[4 00 0.000E+00

QUESTION: 9 Did the Operators Depressurtre the Secondary before the Core Uncovers? $" * * * * * *

Q-lVPE/ TIMES ASKED: DEP. INPUT PROB. 4050

- BRANCHES: SecDePr noscDePr
1 2

REAllZED SPLIT: 1.000E+00 0.000E+00

SUMMARY BY CASE

CASE NUMBER / SPLIT: 2 9.540E-01
DEPENDENCIES: 1

_

REQ. BRANCHES: 2

DESCRIPTION: Brk-$2
CASE / BRANCH SPLIT: 9.540E-01 0.000E+00

CASE NUMBER / SPLIT: 3 4.600E-02
DESCRIPTION: Otherwise $ Case 3: All other break sizes

,

CASE / BRANCH SPLIT: 4.600E-02 0.000E+00
.

N

"""" QUESTION: 10 Cooling for RCP Seals? $

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 8100

BRANCHES: B-PSC BaPSC BfPSC

-
1 2 3

_ REALIZED SPLIT: 7.716E-02 0.000E+00 9.228E-01

SUMMARY BY CASE

- CASE NUMBER / SPLIT: 1 4.600E-02
DEPENDENCIES: 1

REQ. BRANCHES: 1

DESCRIPTION: Brk-A
CASE / BRANCH SPLIT: 4.568E-02 0.000E+00 3.220E-04;

CASE NUMSER/ SPLIT: 2 9.540E-01"

DEPENDENCIES: 1

REQ. BRANCHES: 2

DESCplPTION: Brk-52
. CASE / BRANCH SPLIT: 3.148E-02 0.000E+00 9.225E-01

QUESTION: 11 initial Containment Leak or isolation Failure? $'- '"***"

Q-TYPE /'IMES ASKED: INDEP. INPUT PROB. 16200

BRANCHES: B-Leak nob-Leak
1 2

_

REAL 'ED SPLIT: 5.000E-03 9.950E-01

QUESTION: 12 Event V - Break Location unier Water?- **"""

Q-TYPE / TIMES ASKED: INDEP. INPUT PROB. 16200

BRANCHES: V-Wet V Dry
1 2

REALIZED SPLIT: 5.000E-01 5.000E-01

1
.

j B-5
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1-13 RCS Pressure at the Start of Core Degradation? , '$"
.

w cano% QUESTIONi
; DEPi INPUT PROB. - .. 16200 :J fl}-TYPE / TIMES ASKEL:-

"
i>

i ' BRANCetES . E SSPr '. E-HtPr= E-ImPr- E-LoPr>

'l . >2 -3, .4.'

'
.

_0.000E+00 0.000E+00 9.540E-01.4.600E 02 .- REALIZED SPLITi' ,
.

i
9 - ISUMMARY.BYCASE >

e

CASE NUMBER / SPLIT: 1. :4.600E-02
.

, DEPENDENCIES:: ;l' .1:
'

4 ; REQ BRANCHES * ~1 + :4-
DESCRIPTION Brk-A . . Brk-V'-t.

'

.

, CASE / BRANCH. SPLIT: .0.000E+00 0.000E+00 0.000C+00 4.600E-02s

.
CASE NUMBER / SPLIT: SD 9.540E-01

P . DEPENDENCIES: -9<

'(REQ. BRANCHES: 1m. 4

DESCRIPTION: 'SecDePr- . .

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 9.540E-01 0.000E+00

M**'****-QUESTION:' 14' Do the PORVs or SRVs ..tek Opent-
. Q-TYPE /T!HES ASKED: 'DEP.' INPUT PROB. . . .16200

,' BRANCHES: PORV St0: .PORVnst0
1~ 2 ' ..

REALIZED-SPLIT:- 0.000E+00 1.000E+00-

SUMMARY'BY' CASE'

1 CASE NUMBER / SPLIT: '2 1.0^0E+00-
'

' DESCRIPTION: . Otherwise .

'$ Case 2: RCS not at setpoint pres
CASE / BRANCH SPLIT:- 0.000E+00 1.000E+00.

! emperature-Induced RCP Seal Failure? (Aftercoreuncovering) .******'*
QUESTION: 15 T

Q-TYi2/ TIMES ASKEDr .DEP. INPUT PROB. 16200-- =

BRANCHES: CB-PS$3' noEB-PSF
1- 2

REALIZE 0 SPLIT: 5.537E-01 4.463E-01 !
'

,

W . SUMMARY-BY CASE
..

CASE NUMBER / SPLIT: 1- 7.716E-02:

-OEPENDENCIES: 10<
'

w = REQ. BRANCHES: -1-
.

jDESCRIPTION: B-PSC'

' VCASF/ BRANCH SPLIT:, 0.000E+00 7.716E-02
34

[CASENUMBER/ SPLIT: 41 9.228E-01.
'

DESCRIPTION: .-Otherwise< $ Case 4:.RCS at IM or low pressur-
CASE / BRANCH SPLIT: . 5.537E-01 3.691E-01

'

i

~.******** QUESTION: ' 16 Lis the RCS Depresse tred before Breach by Opening the PZR PORVa?.

Q-TYPE / TIMES ASKE0: DEP. INPUT pro ~ 30600-
BRANCHES: .PrmDePr W:/rDePr

0'
.. ..

5.000E-01 5.000E-01
I 2

'REAllZED SPLIT:t

SUMMARY BY CASE <
'

g .

,

CASE' NUMBER / SPLIT: 1 9.997E-01
J DEPENDENCIES: 6 '3 3

~

;

Q
"B

' REQ. BRANCHES: 1 /4 /t
* *
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DESCRIPTION:,B-ACP, /B4PIS /B-ECCS'.
-

S.000E 01 4.997E-012

CASE / BRANCH SPLIT:
1

2 2.862E-04-
- CASE NUMBER / SPLIT:~

Otherwise .. '$ Opening the PORVs-is prohibi,"
DESCRIPTION:

#'
CASE / BRANCH SPLIT: - 0.000E+00 2.862E 04'"

*""*" . QUESTION: [17 Temperature-Induced Hot Leg or Surge Line Break?
'Q-TYPE / TIMES ASKED: DEP. INPUT PROB.- 61200-

BRANCHESt EB-HLA noEB-HLA
1 2, .

. 1.000E-03 9.990E-01REALIZED SPLIT:

SUMMARY BY CASE

. CASE NUMBER / SPLIT: 3 1.000E+00-,

DESCRIPTION: . Otherwise -- no$$Pr.. $ Case 3: RCS not at 2-
" CASE / BRANCH SPLIT: 1.000E-03 9.990E-01"

.-
~

"""" QUESTION:: 18 Temperature-Induced SGTRt
0-TYPE / TIMES ASKED: DEP. INPUT PROB.- 61200

,

..

BRANCHES: .E-SGTR$3 noE SGTR
. 1. .-2'

REAlllED SPLIT: 0.000E+00 1.000E+00

SUMMARY BY CASE

CASE-NUMBER / SPLIT: 2' '1.000E+00- '

DESCRIPTION: Otherwise. $ Case 2: R

CASE / BRANCH SPLIT: 0.000E+00.1.000E+00

"""** QuiST10N: 19 l's AC Power Available Early (Between Uncovering TAF & VB-30 min)?
~

' Q-TYPE / TIMES ASKED:-- _DEP. INPUT PROB. 61200
.

BRANCHES: E-ACP EaACP .EfACP

1 2 3

REAllZED SPLIT: 1.000E+00 0.000E+00 0,000E+00

SUMMARY BY CASE

: CASE NUMBER / SPLIT: 1- 1.000E+00
DEPENDENCIES: 6

REQ. BRANCHES: 1-

'DESCRIPT!DN: B-ACP'

*

CASE / BRANCH SPLIT: 1.000E+00 0.000E+00 0.000E+00

" . * * * " * QUESTION: 20 After Power Recovery, Is Coolont Injection Re-Established Promptly?
-'Q-TYPE / TIMES ASKED: DEP. lNPUT-PROB. 61200

BRANCHES: E-RECC noE RECC ,

1 2

REALIZED SPLIT: = 0.000E+00 1.000E+00

SUMMARY BY CASE

fCASENUMBER/ SPLIT: '3 1.000E+00
DESCRIPIl0N: Otherwise $ Case 2: Power not restored, or E

CASE / BRANCH SPLIT: 0.000E+00 1.000E+00

" * * * " * QUESTION: 11 Rate of Blowdown to Containment? { This is blowdown before vessel bre
Q-TYPE /TlHES ASKED: DEP. INPUT PROB. 61200

' BRANCHES: EBD-A EBD-52 EDD-53 noEBD

B-7
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.
', , ,p s#

tyMW q .., ?, d L 'l ~ i. t o . : 3,t
m a i + e' O 30 M*

s
i' ;4: : :3 ~ j', Jek; ; S:u,m ,fREALIZEO,$PLIT:; i44sC~5E42 9.531E-01 0.000E+00,0,000E+001 WF ' '

<

: Cr
"

'
, <

g , ,f %, WM
' ,

Q UMMARY BY CASE- -

'~

y'

,

dS .m,

(p , W'_e,, ' , f .. . ..
C ;**

I
' ' y ' '

.g i~;
CASE NUMBER / SPLIT:: '1, c4'695E-021 N i/ "%'

. .

O _ f L J DEPENDENCIESC i nf* 4171 ,b '''

JL -|Q , OM" ' REQ, BRANCHES { , | } } [+ b | 1h i:
' * ,

%%s .,iDESCRIPTION: Brk A? JEB-HLAE ~ . . .

<
"

i s

.

d
'

~

lyn , , JfASE/ BRANCH SPLIT:; ' L 14.695E-02 0.000E400 0.000E+00 0.000E+00,3 P
, -

-

y. i,s
, . ,p .3 1 . - ,.f 1

,
;y

-
,

i ;

;)
* p.41; t . ,

.

hl; a d CASE.. NUMBER / SPLIT ( J3,, 9,531E 01, " ~-

@kh a..
' " DESCRIPTION:JBrkiS21 PORV St0LPrmDePrJ . . .

#

~

4' ' DEPENDENCIES:n 11E 14: ' cl6 W--u 1 i -

' REQ.iBRANCHES: . '2 I f 4 .. 1L + | 1 ~ '
~ +1 'I.'

6 ' Hf. )
'

,

?t T CASE / BRANCH. SPLIT:/ - 0.000E+00 9.531E-0110.000F+00 0.000E+00 ' O'< ' '

,ew ,

, ,
, ,,

, ,,,-
-

p,'- , , ,
1 1

i

., s -_ ..
'22 Vessel Pressure just before Breacht.O " ',:M *****M QUESTION:

,
.. .

~

'Y'
.,

N@|#
4

J ;-0 TYPE / TIMES ASKEDs. .DEP INPUT.PROBL
"

612003' '
' '

'

BRANCHES:s , ,:1 SSPr 1-HiPr 'l-!mPr,' 114oPr J
,

'O
.

'

i/fe$ q, .!: .. .2,. 3:
"EALIZED SPLIT;-- K 0.000E+00 0.000E+00 9.612E 02~9.039E-01.

: ",'4" /
'

s

3--| , q,

' '''e
TSUMMARYLBY CASEL

+
' '

t@ %, W 3E NUMBER /SPLITri 11!-5;235E-Ol'
. .

, 116 ' 14

. '

_. .. . .' 1s

-

'

J
. . ,

.DIPENDENCIESt
,

#' gl i ;):
J i ;l - ' *(' Lt. s+ 1)) .

*#q
* i

'4

+
'

<

' REQ. BRANCHESd ill L+1 4 T'(, 2'
. , ';

M
, CASE / BRANCH SPLIT: ' Di000E+00 0.000E+00 0.000E+00 5.235E-011

a a DESCRIPfl0Ni, EBD A 'Brk-Vi Brk-52-' Prm0ePr - PORV-St0,
'

? ' -
, ' a, . e

~

=CASENUMBER/ SPLIT:?./2- 4.765E-Oli *
,

- 'w

.. F . DEPENDENCIESt0 21J n, ,
y,

;" ' , S REQ. BRANCHEst 32-
'

'i
'

.
;

'
E'.' DESCRIPTION: ' EBD-$2 .' .

d . 6
'*

c- ,

. ? CASE / BRANCH SPLIT:' O.000E+00 0.000E+00 9.612E-02 3.804E-01 :
$ j

'

-n 9.zic . , ~ v
:, ' '*

, r
; y. -

ng T*N***UQUESTION: | 23cis Core Nmage ArrestedT| i o Vessel Breac t?
.. 1 $'N >

.

VF ~Q-TYPE / TIMES' ASKED:: DEP.:lNPUT PROBi
'

78840
'M e . BRANCHES ncVB- VB:

;

'y : Lf il . . 2 %
iJ

_ REALIZE 0 SPLITi ,'2.227E 04 9.99BE-01 54% W' ^

$,
m. | SUMMARY BY CASE; '

;v: ..
. _ . ,

s iu 1

3;j[ ! CASE NUMBER /SPLITi 1 -9.256E-01 d
'

4

, . g !, DEPENDENCIES: :19 : 3',

,

.J ' ' ' JREQ. BRANCHES:- ' /1 s f, ,
' +- 3

* p f , .._' 'DESCRIPfl0N: /E-ACP BfECCS :(-g t

CASE / BRANCH SPLIT:' ' t 0.000E+00 9.258E-01
' ' ~

F.

: CASE NUMBER /SPLlib .' 3 - ' 2.290E44
'

2 DEPENDENCIES :. 22: :3', 22 3
ff REQsBRANCHES:f14L 4).+(./1 - '*

1)"

'[--!(CASE /BRANCHSPLIT.
'

2.061E-04 2 ?QE-05- ' ''
~ DESCRIPTION: ~.1 LoPr . B LPIS /l-SVr B ECCS

,
'

'

.' '

m,

Nj. . ; CASE NUMBER /SPLITi 4 7.399E-02:,*.M- ' .-DEPENDENCIES: /3
M.J RE /2 '

' 2 | f" .. "'Q. BRANCHES:
0ESCRIPTION: /BaECCS

CASE / BRANCH SPLIT:
'

-s y '-
-0.000E+00 7.399E-02:,

'b 1

+ -my
B-8, , ,g.

n a

n

snA., i

'y?j.. E
.

1 -

$ '

T ;-j ay j -;
t, * ~1

d Y.g ' ] ]I4
,.k> 3,. y k, ;;/

n n .. s a
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,

A LCASE NUMBER / SPLIT:- 9; 1.840E-05- _

$ Case 9i' initial AFV & no Breakt +
>

.

66 .. . .-DESCRIPTION: . ,:Otherwise - B-PORV''
* 'k

(CASE /BRANCHSPLIT< Bl.656E-05 1.840E-06N '
,

J
,3

'*"*?"* ~ QUESTION: 24 Early Spray'st-
"

94 Q-TYPE / TIMES ASKED: DEP.- INPUT PROB. . .

.78840

W BRANCHEst. _E-Sp EaSp Efsp'

REALIZED SPLIT: 1;0 DOE +00 0.000E+00 0.000E+00

'

'S'UMMARY'BY CASE ~ .

- CASE NUMBEk/ SPLIT:L "1: 1.000F+00*
4

DEPENDEhtlEsi.- 4 4. 4

4
. C ; 25 @ CHES: :l''+.'5 +| :6'

s$ * ., - DESCRIPTION:' B Sp ,_BASp BCSp
'

. CASE / BRANCH SPLIT: _' 'l.000E+00 0.000E+00 0.000E+00- ,,

:O ******"' QUESTION; 15 L Early Fan Coolers?
' Q TYPE / TIMES ASKED: DEP,.!NPUT PROB. -78640

0; 'BRANCHE$t: E-FC3 EaFC- 'EfFC
,

'

2 3'l' ->

;T . REALIZED SPLIT:. 5.590E Ol'O.000E+00 4.410E-01

SUMMARY BY CASE

'

CASE. NUMBER / SPLIT: 1 5.556E-01-
'OEPENDENCIES: 5'

, REQ. BRANCHES: J1.
' e

/ DESCRIPT10N:''B-FC .

.

s
'

1 CASE / BRANCH' SPLIT: 5.556E-01 0.000E+00 0.000E+00'
,

i CASE NUMBER / SPLIT: 22 - '4.410E-01 1
DEPENDENCIES: L5

1
'

: REQ. BRANCHES:; '3'

. CASE / CH $ 0.050E+000.000E+004.410E-01

. CASE NUMBER / SPLIT - 3 ' 3.453E-03 -
1 DEPENDENCIES: '5;

. 19'

m, REQ. BRANCHES:- J2 - .1*-

E DESCRIPT10N:= BaFC^ .E-ACP"

CASE / BRANCH SPLIT: 3.453E-03 0.000E+00 0.000E+00
,

u,

p
,

* * * " * " QUESTION: 26. Early Containment Heat Removal?
.

Q-TYPE /TIVES ASKED: -DEP. INPUT PROS. 78840
4

' ~

. BRANCHES: E CHR EfCHR -

. . _

1 -2'

REALIZED'SF.li: 5.590E-01 4.410E-01

SUMMARY B_Y CASE

: CASE NUMBER / SPLIT: 1- 5.590E 01
DEPENDENCIES: 25>

' REQ.' BRANCHES: - 1.

DESCRIPil0N: E-FC'
~ CASE / BRANCH SPLIT: 54590E-01 0.000E+00

W ,,
O CASE NUMBER / SPLIT: 3 4.410E-01 ,

No Sprays, No Fan CoolerDESCRIPI10N; 'Otherwise $ Case 2:

CASE / BRANCH SPLIT: 'O.000E+00 4.410E-01

.
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,

}N _ ;ji;*na**f(|Qu' Sl!0Ntj [21L Baseline Contaimment Pressure just before Q . - 1E

6 a :. J Q-TYPE / TIMES ASKED (- : DEP.' INPUT. PROB,:lNPUT PARM;-
.

78840 E Y-

px 9 a ' V . BRANCHES: IPBase
-

.

M h, .[. ..
_

1
,

?? T. { . REAllZED SPLITi; - 1.000E+00
w

3E' , SUMMARY BT CASEJ
3 tg <

,
- - *

' Y CASE huMBER/ SPLIT:1 lj '2.227E-04-
'
i *

O: ;!DEPENDENCl[S : 21 23'
'

j, REQ. BRANCHES: . 4 i+ L , !> .
"'

l' . DESCRIPTION: no[BDf ' noVB :
'

': CASE / BRANCH SPLIT: 2.227E-04U ..

v:y
^

*[CASENUMBER/ SPLIT. '2 S.SB9E-01.
2

DEPENDENCIES: -26 4

REQ 4. BRANCHES:. 1 . .'/41*'

~ .. ' DESCRIPTION:.:;
E-CHR1 / nob-SilHX;

m',
-

,

-CASE /8AANCH. SPLIT:q . -
5.589E-01-_- m w -.

[ CASE' NUMBER /SPLlY:D -- 3 ' 6.017E-04
'

DEPENDENCIES: ' 26 ' ' 21e,
'

REQ, 6 RANCHES: 2 -1-V - *

; . .-DESCRIPTIDN: EfCHR -EBD-A . ,

g. y : CASE / BRANCH SPLIT: 6.017E-04~
,

lCASE NUMBER / SPLIT , .4 4.403E 01 ,j
. DESCRIPT!0Nt: Otherwise $ Case 4i No sprays and no large b

: CASE / BRANCH SPLITi 4.403E-01

l
= * " " * * * QUESil0N: 28 - Time of| Accumulator Discharge?m-*
. Q-TYPE / TIMES ASKED: DEP INPUT PROB. '. 78840

1

I
'

' BRANCHES:- .AcDbCM AcDdCM 'AcDaVB'
y

'

1: 2 . 3
REAllZED SPLIT: 'I.000E+00 0.000E+00 0.000E+00 gy ,

Qs SUMMARY BY CASE. U>

CASE NUMBER / SPLIT: 1' 'l.000E+00 '

DEPENDENCIES: % 13 - 13 -8- . 9
G ;b REQ. BRANCHES: 3',+ 4 .- + ( - 4-

.

SecDePr
1)

*

DESCRIPil0N: _E-ImPr- -E LoPr- .SGdHR,

CASE / BRANCH SPLIT:a 1.000E+00 0.000E+00 0.000E+00,,
. i

-s a

! (- ;*"**"a QUESTION: 29 Fraction of Zr Oxidized in Vessel.during Core Degradation? >|
>

! Q-TYPE /TlHES ASKED: DEP .!NPUT PROB. INPUT PARM. 78840 l.

. BRANCHES: Zr0x-InV j
#

. 'l. . .

'

REAllZED SPLITi 1.000E+00 i,
,

M ,

SUMMARY BY CASE'-
"

. .
o

t

..
. 1

. CASE NUMBER / SPLIT:. : 5;.. 9.540E-01
4

g DEPENDENCIES: 13- 28 4

~%. ;REQJBRANCHES: 3 * i /2'
. . J X. DESCRIPTION: .E-ImPr /AcDdCM-
R' ! CASE / BRANCH SPLIT: 9.540E-01m

e CASE NUMBER / SPLIT: 7 4.600E 02
'

D;,.y d
4 '. .. DESCRIPT10Ni Otherwise - E-LoPr $ Case 7: Low RCS Pressure (<200 psia) j

0 .. CASE / BRANCH SPLIT: 4.600E 021

. >

y
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- QUESTION:, - 30 s Amount sf Zr Oxidized in Vessel during Cire De9tadatitn? i
r

h*** TYPE /TIMESASKED: 'INDEP. CALC. PROB. :78840- 1
****'

<

v Q-
'

' ' - BRANCHES : - Hi-Zr0x : Lo-Zr0x *j
1- .. ; 2-/e

..
.

4.976E-01 5.02SE-Da/ < ,#
l REALIZED SPLIT ' ,

d ""*"* = QUESTION: 31 LAmount of Water in the Reactor Cavity at Vessel Breach?
J N, '-Q-TYPE / TIMES ASKED:

DEP.' INPUT PROB., 188401

,
' '

. BRANCHES: RC-Wet' RC-Dry

9
, 1- . 2-,

> REALIZED SPLIT: 9.944E-01 5.6SBE-03.'

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 S.658E-03-
,tDEPENDENCIES: 7- 7 19 s

'3 +( . - 2 - /1)*"

REQ.'. BRANCHES: . RWSTfin RWSTaln /E-ACP'DESCRIPTION:
"

! CASE / BRANCH SPLIT: 'O.000E+00 S.658E-03'

CASE NUMBER /SPLlit- '2 9.944E-01
' DESCRIPTION: Otherwise- $ Case 2: RWST tr.jected or sprays'

,
,

CASE / BRANCH SPLITt'- -9.944E-01 0.000E+00
,

4 - """" - QUESTION: 32. Fraction of Core Released from Vessel at Breach? .
-Q-TYPE / TIMES ASKED:

INDEP. INPUT PROB. INPUT PARM, 76840

BRANCHES: FCorRei
. .

1

REAllZED SPLIT: 1.000E+00
<

[ -"""" - QUEST 10N: 33 Amount of Core Released from Vessel at Breach?''

LQ TYPE / TIMES ASKED: -INDEP.. CALC.. PROB.. 78840

PKANCHES: - Hi-FCoR Md-FCoR Lo-FCoR
.-1- 2' 3*

c- .

2.667E-01 4.467E-01 2.867E-01,

REALIZED SPLIT:

,

QUESTION: 34. Does an Alpha.Hode Event Fail bo'th the Vessel and the Containment?* " * * " *

.Q-TYPE / TIMES ASKED: DEP. INPUT PROB. - 105636 -4

. BRANCHES; Alpha .noAlpha
t

1 - 2

REALIZED SPLli: B.146E-03 9.919E 01

SUMMARY BY CASE
-;

' CASE NUMBER / SPLIT: 1 9.037E-01
DEPENDENCIES: 23 . 22 '"

* 4REQ. BRANCHES: 2

DESCRIPTION: VB l-LoPr'
9

. .' CASE / BRANCH SPLIT: 8.070E-03 8.956E-01

CASE NUMBER / SPLIT; 2/ 9.612E 02 ~
DEPENDENCIES: 23 22

. REQ. BRANCHES: 2 /4*

DESCRIPTION: VB /1-LoPr-
CASE / BRANCH SPLIT: 7.689E-05 9.604E-02p ,j
CASE NUMBER / SPLIT: 3' 2.227E-04* '

<

DESCRIPTION: Otherwise- $ Case 3: Core Damage Arrested. no 9

. CASE / BRANCH SPLIT: 0.000E+00 2.227E-04 .

,

1

* B-11
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,,

,

i

"y ., % .,.
. *M c ***)[ QUESTION:L 35 ' Type tf 'V:ssel BreachT!

. L$a
Aw -Q-TYPE / TIMES ASKED:1 DEP. INPUT PROB,x '. . 106320-*

,

4 %' ; ~ t BRANCHES:
.

r PrEj ' .PourE .BtmHd; :noVBoA.

/11 . 2-- . 3- '4
. . q ; . f y' , = , . .REAllZED SPLITil >

c .
-5.153E 02 9.391E-01 1.052E-03 B;369E 03->a'-

. .

n L *"
' i (y; -#

SUMMARY' BY CASE-->
>s, , ,

' CASE NUMBER / SPLIT: In : B.369E 03-''

I. , DEPENDENCIES: 23. ' 34 ' m

'
-~RIQ. BRANCHES D l''+; 1"

" ''

,

. DESCRIPTION: noVB- Alphai .

cCASE/ BRANCH SPLIT: 10.000E+00 0.000E+00 0.000E+00 8.369E-03
, . . , v.^

r, ,;,

W' : CASE NUMBER / SPLIT: 41 ;9.604E-02 E

6 DEPENDENCIES :: - 22 :
'

-

i
'

f --REQ. BRANCHES: .~3.
Y' -b DESCRIPTION: 1-ImPr'-

; CASE / BRANCH SPLIT: 5.153E-02 4.346E-02 1.052E-03 0.000E+00',
/*

h" NASENUMBER/ SPLIT: 5' 8.956E-01
L . DESCRIPTION:

'

f-Otherwise - I LoPr - $ Case 5: RCS at Low P..-
+' CASE / BRANCH SPLIT 3.: 0.000E+00 8.956E-01 0.000E+00 0.000E+00 :

4 !********rQUESTION:s 36i Does,the Vessel become a '' Rocket" and Fail the Containment?
.Q-TYPE / TIMES ASKED: .DEP. INPUT PROB. 106320 ,-

?'' . BRANCHES:- ' Rocket' noRocket ,

t 1- .-2
. REALIZE 0 SPLIT:-- '0.000E+00 1 000E+00'.

SUMMARY BY CASE-
'

s

n :w
CASE NUMBrR/ SPLIT: 21 .l.000E+00-. < -

P .'0ESCRIPTION: Otherwise $ Case 2: Not BtmHd & $5Pr - Rocket Not Credib. <

' CASE / BRANCH SPLIT: 0.000E+00't.000E+00 *'

** *****. ,-QUESTION: 37' Size of Hole in Vessel lafter Ablation)? -
.;

s

~0-TYPE / TIMES ASKED: DEP.' INPUT PROB. 106320'

BRANCHES;' .LrgHole-- SmlHole- ij'
.. . l' 2' ,j

N..REAllZED SPLIT - 9.485E-01 5.153E-02-+
4

. - %
SUMMARY BY CASE- j

-CASE NUMBER / SPLIT: = 1? 5.153E-02/

: DEPENDENCIES: 35
REQtBRANCHES: .! ,

,,.. DESCRIPTION: -PrEj
.

, !
" CASE / BRANCH SPLIT:, ' =0.000E+00 5.153E-02 j

CASE NUMBER / SPLIT: 2 9.485E-01
DESCRIPTION:: 10therwise. $ Case 2: Not HPME - Large Hole or Irrelevant

1 CASE / BRANCH spilt:. 9.485E-01 0.000E+00 j
,

. .
. ..

jp_r

aq); .eeee****fQUESTION: :38 . Pressure Rise at Vessel Breach? Large Hole Cases
:]g -Q-TYPE /TlHES ASKED: ,DEP.,1NPUT PROB =lNPUT PARM. 106320-
.

W , BRANCHES: OP-VB
%= s

. . ,
'

l.000E+00

'

I
''

- REALIZED SPLIT:
'

q SUMMARY BY CASE y

B-12 :
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' s ,.; 3.'
.n: y/ . ,." &, i, ' ,

, ,,
.

-i. , ,

,
,

J.;

, . . ;,,, .

'

;. .,*- CASE NUMBER / SPLIT:: -In '2.227E-04* ; :.,
,

DEPENDENCIES;; 23' e

. , sq , ; s : REQ. BRANCHES: 1

,
,

> +
,

'
> ., ' DESCRIPTION: 'noVBD

.

j; ,

CASE / BRANCH SPLIT:, 2.227E 04 .;-~

,

, . . CASE NUMBER / SPLIT: ^2- ' 8.146E-03 --
*

'

36-o !!d DEPENDENCIES: 34~
~

.1
'

>

: REQ. BRANCHES: 1 f+.

DESCRIPTION:, Alpha: Rocket'>-

. CASE / BRANCH SPLIT: .8,146E-03
..

:p w
3 LCASE NUMBER /SPLlit. =3 9.391E-01.

'M dei'ENDENCIES: 22' = 35:-

REQ' BRANCHES: 4> ;+- '2-' -

,

DJ DESCRIPT10Nt/l-LoPr . Pour.
l CASE / BRANCH SPLIT; 9.391E-01'

i ,

CASE NUMBER / SPLIT: -4 5.153E 02 ,.
'

' DEPENDENCIES: 37

REQ' BRANCHES: 2

DESCRIPT10N: SelHole '

..

CASE / BRANCH SPLIT: 5.153E-02''''
_

CkSENUMBER/ SPLIT: 5'' 3.6895-04^
DEPENDENCIES .22 31 331

* *~
1REQ. BRANCHES: ' 3 1=

'

. . DESCRIPTION:a 1-ImPr =RC-Wet Hi-FCoR
.

CASE / BRANCH SPLIT: 3.689E-04
s,

, ,

i
-CASE NUMBER / SPLIT: 6 '2.977E-04.

9. DEPENDENCIES: 22* . . 31 - 33
*= '2M REQ. BRANCHES: 31.. | * . RC Wet- - Md-FCoR

- l'
DESCRIPTION:- 1-ImPr

CASE / BRANCH SPLITi 2.977E-04

- CASE NUMBER /SPLITt 7' 3.850E-04
'

DEPENDENCIES: 22' 31 33

. REQ.- BRANCHES:' . 3
* :- .1< 3*

"
:

4
. DESCRIPTION: 1-imPr . ' RC-Vet . Lo-FCoR.

. CASE / BRANCH SPLIT:. 3.850t-04-*

y-
,

'

/******** QUESTION: 39' Pressure Rise at-)'ssel Breachi Small Hole Cases
J

JQ4 TYPE /TIMESASKED: DEP. INPUT PROB. Ih'UT PARM. 106320
, '

-BRANCHESi DP-VB.-'

- .s.

% .
-1 ,

'

6"" REALIZED SPL,ll: .1.000E+00

# SUMMARY BY CASE
,

. .

' CASE NUMBER / SPLIT: 1 - 9.4BSE-01
DEPENDENCIES: 37 23 34 22 36

1
rREQ. BRANCHES: 1 += 1- +i 1 + 4 +

CASE / BRANCH SPLIT:
9.48SE-01 . Alpha

1-LoPr RocketDESCRIPTION: trgHole - noVB.

CASE .NUH9ER/ SPLIT: 2 1.808E-02
DEPENDCNC.ES; 22 ~ 31 33

: REQ. BRANCHES: 3- 1 1* *

'y . ' DESCRIPTION: 1-ImPr . RC-Vet - 'Hi-FCoR
CASE / BRANCH SPLIT: 1.808E-02.

e

_f , -CASE NUMBER / SPLIT: 3 1.459E-02
/O- s

B-137 '
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,
,

? n:: &| ' + * '. g
.E ~ W ? 1 DE'PENDENCIES: I 22 i

jg$ $ " REQ 4: BRANCHES: , '31 . 8;m [31. . 331
'

s 1. ,'" .1 .[.-2
~ ' ' ':" . .-DESCRIPTION: : 1-ImPr . . RC-Wet! -Md-FCoRH

'

"; -CASE / BRANCH SPLift ' 1.459E-02J '-~
i , ,

, ;#n ' '
, ,

f 2 CASE NUMBER / SPLIT p "4J 1.886E-02- |
' DEPENDENCIES: - 22 . 31 . 33 't '

<

F; ; REQ; PRANCHES ! '3J.* "
. -1- . ~ *,~3*: ' '

'

W'M. . DESCRIPTION: 1-ImPr-. RC Wet . Lo-FCoR',
'

kW ' " 1 CASE / BRANCH SPLIT: . 1.886E-02
'

gm -

,

|

S .********- QUESTION: 40--Does a Significant Ex Vessel Steam Explosion Occurf; . [.

L ' 4 TYPE / TIMES ASKED: DEP. INPLfT PROB. 14S236 ' i
: BRANCHES: EVSE- noEVSE- '

H
1 2 .

'

"

Ey REALIZED SPLIT: ,4,667E-01 5.333E-01--

-

3- '_ SUMMARY BY CASE
'

,

CASE NUMBER / SPLIT:' 'IL' 9.33SE 01 ' N>

..

'N .0EPENDENCIES: 31- . 35 ''

i 'REO. BRANCHES: 1
.

Pour-
* 2- !N ' : DESCRIPTION: RC-Wet-

@' CASE / BRANCH SPLIT: 4'.667E-01 4 667E-01-
,

CASE NUMBER / SPLIT: 2: 6.655E-02
.

. i
L DESCR PTION: Otherwise ~-- No EVSE - '$ Case 2: Alpha Mode. or Rocket, o.

'

g CASE /BRAhCH SPLITi- 0.000E+00 6.655E-02 ->

F j<

-********
. .

.

H. .. -QUESTION: ''41 Containment Failure Pressuref
DC 0-TTPE/ TIMES ASKED: INDEP. INPUT PROB. INPUT PARM. 145236. i

6-
'

' BRANCHES: .CF-Pr .!
g .:

,w ~ REALIZED SPLIT: 1.000E+0n
'

-

W ,
, ;,

+ .********
'

. QUESTION: 42 '. Containment Failure, and Type of Containment Failure? z. i

0-TYPE / TIMES ASKED: DEPc Ct.LC, PkOB.
'

-145236
' "

i
' '

BRANCHES: flCF-CtRp1ICF-Rupt!ICF-Leak no-ICF ICF Shear.
4

. . 1. 2 . 3 4 . 5
~

REALIZED SPLIT: 0.000E+00 8.147E 03 1.436E 03 9.904E-01'4.691E-3

SUMMARY BY CASE'

CASENUMBER/ SPLIT [1. '8 147E-03
DEPENDENCIES: .34 4 36

REQ. BRANCHES: "l + .- l =
'

. DESCRIPTION;' ' Alpha '- -Rocket
- CASE / BRANCH SPLIT: 'O.000E+00 8.147E-03 0.000E+00 0.000E+00 .. 00E+00

x

CASE NUMBER / SPLIT: 21 9.919E-01
DESCRIPTION:' Otherwise $ Case 2:

' CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 1.436E-03.9.904E-01 4.691E-05-

QUESTION: ; 43' Sprays after Vessel Breach? $(The5to30 minute"*******
,

. Q-TYPE / TIMES ASKED: DEP. !NPUT PROB. -14S236
1 BRANCHES: .12-Sp 12 asp 12fSp

''
1- 2 3

* ' REALIZED SPLIT: 9.919E 01 0.000E+00 8.147E-03,

Q& SUMMARY BY CASE
1 .

[, B-14
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!"
.

CASE NUMBER / SPLIT: i . ~1 -- 8.147E-03 .

'

,
,,

' :24 1 _ ' 34 - . ' ; 3611/; . . DEPENDENCIES: -~ ;,;.,
'

. ,
REQ | BRANrHES ;.'3: + 1' J+ 'l' ;

.

. DESCRIPTION: . Efspi : Alpha Rocket-e

uCASE/ BRANCH SPLIT:? 0.000E+00 0.000E+00 8.147E-03-< c

'

I ICASE NUMBER / SPLIT 1 3, 9.919E-01
' ' - ,s-e .

# ~'
F . DEPENDENCIES: 24J . 42

'

|> - REQ. BRANCHES: 11 - *: /1 , ..
iDESCRIPTION: . E Sp ; /ICF-CtRp*-

|
, CASE / BRANCH SPLIT:, 9.919E 01_0.000E+00 0.000E+001

"""** ' QUEST!DN: 44E is AC Power 'Aiallable Late (during CCl)? 'j
!.Q-TYPE / TIMES ASKED: DEP." INPUT PROB.- . '145236 >

" . BRANCHES: L-ACP LaACP 1 LfACP , ,

. 1 . 2: .'3'
,

;

REALIZED SPLIT: - 1.000E+00 0.000E+00 0.000E+00 ,

i.c SUMMARY BY CsSE- . !

!
'

G . .

1. l'.000E+00 -I
.'

ICASE NUMBER / SPLIT:
P,0 --DEFENDENCIES: '19

REQ) BRANCHES: '1 ,,

DESCRIPTION: E ACPi*

CASE / BRANCH SPLIT: .I'.000E+00 0.000E+00 0.000E+00

,

. "*"** ' QUESTION: 45 Late Sprays? (duringCCl)
. .

'*

;Q TYPE / TIMES ASKED: .DEP.' INPUT PROB. ~ 145236>
,

~ BRANCHES: L-Sp1 Lasp LfSp
. , . . . . . l' . . 2 3

~

- ; '. REALIZED SPLIT: .9.919E-01 0.000E+00 8.147E-03 .i,

. SUMMARY'BY CASE'

' CASE NUMBER / SPLIT: 1 9.919E-01 .

. DEPENDENCIES:: 43 .

'

REQ. BRANCHES: 1 4,

-DESCRIPTION: 12-Sp<
.

.
- 9

SCASE/ BRANCH SPLIT: ' 9.919E-01 0.000E+00 0.000E+00 .-;
-

; CASE NUMBER / SPLIT 1 2 '8,147E-03

LDEPENDENCIES: 43' '

-REQ. BRANCHESt .3
. ..-DESCRIPTION: 12fSp.+

CASE / BRANCH SPLIT: " 0.000E+00 0.000E+00 8 147E-03 '

O

' QUESTION: 46 Late Fan Coolers?."""**

'-Q-TYPE / TIMES ASKED: DEP.'INPU1 PROB.- . 145236 ,

BRANCHES: -L-FC LaFC LffC
^ $

, , . . l' 2 3 j
; REALIZED SPL.IT.: 5.590E-01 0.000E+00 4.410E-01 ?

.

,,

>> SUMMARY BY CASE z
+

LCASE NUMBER / SPLIT: ''l 5.590E-01 .

. DEPENDENCl#S: 25 )' u >

t
'4 REO BRANCHES: .1.

DESCRIPTION: E-FC ,

CASE / BRANCH SPLIT: 5.590E-01 0.000E+00 0.000E+00-

'

' CASE NUMBER / SPLIT: 2 4.410E-01
DEPENDENCIESr 25

.?
'
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'Q,X y <;

JJL ''s,
. . . . ,

'

" A> REQ. BRANCHE$t 3g^

(" DESCRIPT10Nt-EffC:
'

m

4 | CASE /BRANCHSPLIT( 0.000E+00,0,000E+00 4.410E-01

1 i
,,

'

' QUEST 10N: [47Ilate Containment Heat Removali.
# .'ce... ea

|[ t ; 'y BRANCHES: .L-CHR LiCHR-.
'145236.'Q4 TYPE / TIMES ASKE01 DEP, INPUI PROB.- <

'

1i -2=
g REAlllED SPLIT: ;0.590E-01 4.410E Ol''

, ,

6S
SUMMARY bY CASE- |

'.y,,
...

t <

. CASE NUMBER / SPLIT:11- 5.590E 01 '
s3 .. . .

'qs :.

' OEPENDENCIES: 46
:g;n. ;; REQ.' BRANCHES: .1i , 3.,

9 '> .-DESCRIPTION: L-FC .- - i .

CASE / BRANCH SPLlit ;
'

5.590E 01 0.000E+00 ,

,

CASE NUMBER / SPLIT: 2 -4.410E 01- *

0ESCRIPT10N: - Otherwise $ Case 2: No Sprays. No Fan Cooler.
CASE / BRANCH SPLIT: 0.000E+00 4.410E-01

~

'
,,

QUESTION: 48-AmountAfCoreAvailableforCCl?""*"*

. Q-TYPE / TIMES ASKED ' DEP. INPUT PROBi 184152 '

' ' ''

4 BRANCHES: trg-CCI Med CCI -Sml-CCI
'1 2- 3-

REALIZE 0 SPLli; - 7.250E-01 2.749E-01 2.227E 04'
<

$UMMARY BY CASE ~4 > -

w ,,

L1 8.147E-03
'

CASE NUMBER / SPLIT:' y .s

^'
J 0EPENDENCIES: 34 :36'

REQL BRANCHES: l' , J + 1
' '

>

i;r, ,
.

DESCRIPi!ON: . Alpha'. Rocket .. i
'-
-

,1 CASE / BRANCH SPLIT: 0.000E+00 B.147E 03 0.000E+00:
_

E

'fCASE NUMBER / SPLIT: 2 2.227E-04'
:

DEPENDENCIES: 35 1
=

REQ.. BRANCHES: 42.
'

.f ~ DESCRIPT10N; .noVBoA. < .

,

'

L_ CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 2.227E-04

" CASE NUMBER / SPLIT: '3' 3.334E-02;*

M s0EPENDENCIES: 35 ' 35 . : 2? 33

J/4)) /3REQ. BRANCHES: ( l' +( 3 - * *
,

;
.:DESCRIPi10N: PrEj .BtmHd; /l-LoPr /Lo-FCoR''

>

T; CASE / BRANCH SPLIT: 'O 000E+00 3.334E 02 0.000E+00
W ,' |,

' CASE: NUMBER /SPLITt .4 1.925E-02
= DEPENDENCIES: 35 - 35 - 22 33~

ng . REQ. BRANCHES: ( 1 +( 3. /4)) * 3*

m DESCRIPTION!: PrEj BtmHd : /1-LoPr Lo FCoR"", 7

' I
t CASE / BRANCH SPLIT: '1.92SE-02 0.000E+00 0.000E+00

: CASE NUMBER / SPLIT: 5 4.668E-01
= DEPENDENCIES ' 35 r 35 '22 40 L

}-. REQ [ BRANCHES: ( 2 +( 3J 4)) ''l~* *

o .. DESCRIPTION: Pour BtmHd. 1 LoPr EVSE
~

''C . CASE / BRANCH SPLIT: 2.334E-01 2.334E-01 0.000E+00
.

nCASE NUMBER / SPLIT: 6 4.724E-01
,g , DESCRIPT10N: .Otherwise $ Case 6:
'' '

E ASE/ BRANCH SPLIT: ~4.724E-01 0,000E+00 0.000E+00C

,
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y . ' fn******i QUESN0d ' 49I Is the Desris B:d is a'Coblable Conflouratlon? . :
l'*

, "
'

~ Q-TYPE / TIMES ASKED * : DEP. INPUT . PROB.
~

350664''

~BRANCHESI
'

'

CDB = noCDB 'F
-

.

. . I 2 ,
..

'REAltIED SPLITit 3.129E-01 6.873E-01:
' '

S SUMMARY BY CASE

"

. 1: B.-14BE-031CASE NUMBER /SPLifs4"

DEPENDENCIES: 34 . 36 -
+

>

'
-

REQ. BRANCHES: 1; f+. I f

DESCRIPTION: , Alpha- Rocket
.., CASE / BRANCH SPLIT: '5.703E-03 2.444E-03

~

A - CASE N' UMBER /$PLIT - 2 2,227E 04* -

.q .- # ; DEPENDENCIES: "35'

s

REQOBRANCHES: '4

'DESCRIPT10N:noVBoA
J s CASE / BRANCH SPLIT: =2.227E-04 0.000E+00

'

3 -5.259E-02"CASE NUMBER / SPLIT:* :
,

. DEPENDENCIES: 35- 35 22
I;

REQ. BRANCHES: 1- +(' 3 . - /4) -*'

DESCRIPil0N: 'PrEj BtmHd /l-LoPr-
CASE / BRANCH SPLIT: 2.C30E-02 2.630E-02

,

CASE NUMBER / SPLIT: '4 4.668E 01-:
-DEPENDENCIES: 40

W . REQ. BRANCHES:. -1-
DESCRIPTION: EVSE) . .

" CASE / BRANCH SPLIT: . f,434E g f.'#34E-01.

'
*

CASE NUMBER / SPLIT: '5 4.724E-N
'

'

~DESCRIPil0N:; Otherw e . . $ Case 5: Gravity Pour with no EVS

CASE / BRANCH SPLIT: ,4.724E-02 4.252E-01~:

s

'******* QUESTION: 50 Does Prompt CCI Occur?

. . 0-TYPE / TIMES ASKED: - DEP.-!NPUT PROB. 350664'

- E
'

BRANCHES: cPrmptCCI noPrmCCI
1- .= 2

-REALIZED. SPLIT: 6.879E-01 3.122E-01

SUMMARY BY CASE
*

CASE NUMBER / SPLIT: 1 13.122E-01
DEPENDENCIES: 49 31 in 23.

REQ.-BRANCHES: ( l, *(- ~1 + 3)) + 1
.

--DESCRIPTION: c COB - RC-Wet- AcDaVB noVB

CASE / BRANCH SPLIT: 0.000E+00 3.122E 01 ,

P' ' CASE NUMBER / SPLIT: 2 6.B19E 01
.

-DESCRIPTION: Otherwise -- Not coolable or no water $ Case 2: No water in
' CASE / BRANCH SPLIT: 6.879E-01 0.000E+00

********IQUESTION: 51 1s AC Power Available Very late (after CCI)?
- Q-TYPE / TINES ASKED: DEP. INPUT PROB. 3$0664=

4

BRANCHES: L2-ACP L2aACP L2fACP
1 2 3

. REALIZED SPLIT: 1.000E+00 0.000E+00 0.000E+00

i'''
SUMMARY BY CASE

y B-17
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'

>m -CASENUMBER/ SPLIT: [l 1.000E+00'-.
. DEPENDENCIESi' 44 f

" ' *
'

)LREQ) BRANCHES!' 1, i'
.- , '

N , sii : DESCRIPTION:-'L-ACP,
' . . ,

. CASE / BRANCH SPLIT: ' - t.000E+00 0.000E+00 0.000E+00
i! ', .
'

Ms-""** L QUESTION I 52. Very. Late Sprays?' ;}
.

' L

Q-TYPE / TIMES ASKED: - DEP. INPUT PROB. , '350664*

BRANCHES:: L2-Sp - L2a$p .L2fSp
l' 2' ' -3- ,;

'

'* - REALIZED SPLIT: 9.919E-01 0.000E+00 8.147E-03 :34

'!, "
V SUMMARY BY. CASE - ,

I-i ' CASE NUMBER / SPLIT:
DEPENDENCIESL 45

''9.919E 01I
. 'i

.-REQ. BRANCHES: , 1- i'
, ,

' ' *
.i . DESCRit' TION: b L-Sp

.9.919E 01 0.000E+00 0.000E+00
'

. . .
.

,

E CASE / BRANCH SPLITi
? !. ..

.

:2 . 8.147E 03.CA M N!MBER/ SPLIT: .
.

' D;.PENDENCIES ' 45 in -

W ~P.iQLBRANCHES: .3 C

,
DESCRIPTION: 1 Lf Sp' .%

. CASE / BRANCH SPLif t - .0.000E+00 0.000E+00 8.147E-03.

s

M* " " " QUESTION: 53..Very Late Fan CoolersT :i<
*'

:Q-TYPE / TIMES ASKED: 'DEP. INPU'T PROB.
.'L2fFC-

350664

' BRANCHE$2 L2-FC :L2aFCp. . , ,

1 2 3

1 REALIZED SPLIT: i 5.590E-01 0.000E+00 4.411E-01
' '

*

' '
n g -. .SUMMART BT CASE ~

+ ; CASE NUMBER / SPLIT:- .1 5.550E 01
iDEPENDENCl[$; .46

s

REQ.' BRANCHES: ;1' ,t

DESCRIPTION; L FC
. 4'

% CASE / BRANCH $PLITj 5.590E-01 0.000E+00 0.000E+00
.!

UCASENUMBER/S'PLIT: ' 46
'

2 4.411E-01-o
, DEPENDENCIES: ,

REQ. BRANCHES::. ,3- !<

DESCRIPTION: ILffC
' CASE / BRANCH SPLIT: - 0.000E+00 0.000E+00 4.411E-01-

'***""* :. QUESTION : 54~ Very late containment Heat Removal?

'
":Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 350664.

. BRANCHES: L2-CHR. L2fCHR
1 2g ', .

.. .

5.590E-01 4.411E 01
'

REALIZED SPLIT:
^

SUMMARY BY CASE

1 CASE' NUMBER / SPLIT:'l 5.'590E-01-'
, - .
"

0' I| 'DEPENDENCIESf 53 ,

'RE0. BRANCHE5: 1

., . DESCRIPil0N:, L2-FC" 'g ,
' CASE / BRANCH SPLIT: 5.590E 01 0.000E+00. Wg

M. ,-CASE NUMBER / SPLIT: =2 4.411E-01
! 1

s i i
*
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'

(g c f P %y!' MSWPT'10N2 , ' ?' Otheraise ..

.$ Case 2iNoSpraytiNoFanCooler=

: CASE / BRANCH SPLIT: 0.000E+00 4.411E-01

;j|',-
, .,;

.. ...t QUESilDNn ' 55" Does Delayed CCI OccurT ,-m 3.
Q-TYPE / TIMES ASKED:ic DEP.LINPUT PROB. 350664-

^DelydCCI-nod 1dCCl'

BRANCHC$14gg
.

. l' 2
d .' ~

.; REAll2CD SPLITi 5.663E-03 9.943E C'"

'

SUMMARY BY CASE ,
'-

Y '

' CASE NUMBER / SPLIT: .1 -9.943E-01'
. DEPENDENCIES: 50 52' 50 . 23

REQ. BRANCHES:.(s 2L 1) + .. 1 + 1*
.

. ..

DESCRIPTION: .noPrmCCI . L2-Sp ProptCCI noVB-
: CASE / BRANCH SPLIT: 0.000E+00 9.943E 0!'

' CASE NUMBER / SPLIT: 2 -j5.663E-03
DESCRIPTION: = _ Otherwise. .

$ Case 2: Water boiled:
= CASE / BRANCH SPLIT: 5.663E-03 0.000E+00

* * * * * * " , QUESTION: 56-BeneitneConta'inmentPressureVerylatei/
.-Q-TYPE / TIMES ASKED: DEP. INPUT PROB. INPUT PARM. 350664

.

-BRANCHES: -L2PBase
:As 3

.- REAlllED SPLIT: 1.000C+00
._

. 1

'

SUMMARY BY. CASE+
,

CASE NUMBER /SPLlit- 1 8.417E-03-
DEPENDENCIES: 42 42 42 23

. REQ, BRANCHES: .l' -+~ 2 + 5 + 1

..

DESCRIPTION: 11CF CtRp1 ICF-Rupt . ICF-Sheer noVB
_ CASE / BRANCH SPLIT: 8.417E-03

_

3 - CASE NUMBER / SPLIT: 2 5.571E-01
DEPENDENCIES: 54 - 11 42

~

#

|C REQ. BRANCHES: ,1= +L 1 + .3
: DESCRIPTION: :L2-CHR B-Leak < -1CF Leak

LCASE/ BRANCH SPLIT: "5.571E-01-
,

'' CASE' NUMBER / SPLIT:. 3 1.924E-05,

2BDEPENDENCIES: .50- 31 . *
REQ' BRANCHES: 1 -* 2 /3

<
-

DESCRIPTION: . PrmptCCI RC-Dry /AcDaVB''

3 CASE / BRANCH SPLIT:: 1,924E-05

'

CASE NUMBER / SPLIT: 4 ,2.995E-01
DEPENDENCIES: 50 31 2B

3)-REQ. BRANCHES: 1 *(. l' +

'0ESCRIPil0N: PrmptCCI RC-Wet .AcDaVB

CASE / BRANCH SPLIT:
'

2.995E-01

- CASE Nt>MBER/ SPLIT: 6 ' 1.351E-01 ~ .

, . .. DESCRIPTION: Otherwise -- DelydCCI & RC-Full $ Case 6: Debris bed is Coolable a

n CASE / BRANCH SPLli: 1.351E-01
-

:**"**** QUESTION:' 57 How much H2 and CO2 is Produced during CCIT

! rQ-TYPE /IIMES ASKED: DEP. INPUT PROB INPGT PARM; 350664
,., ' '

(
- BRANCHES: CCI noCCI''

1 . . 2

REAllZED SPLIT: .6.935E 01 3.066E 01g ,

M .;
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'

f

' . $n ~ SUMMARY BY CASE' j ' at s

u .. $-
- j ..r

.

,

,
-

4

"c . , t .o c.
b' ' CASE NUMBER / SPLIT:. I! 3.066E 01:

~

(> DEPENDENCIES: . . 50 --- : 55 s
yr REQ. BRANCHESt; 2 - ' '' : ' ~2i..4

DESCRIPTION: .noPrmCCI- noDidCCl| ?-
: CASE / BRANCH SPLIT: 0.000E+003,066e-01

"
_

*
.. . ,i-

.

.

6 ; CASE NUMBER / SPLIT: '2- =.5.520E-01 - V
,

,' . DEPENDENCIES: 48-'

; REQ." BRANCHES: ; 1.
-DESCRIPTION: .Lrg CCI

CASE / BRANCH SPLIT: 5.520E-01 0,000E+00= "
,

.' CASE NtfSER/ SPLIT: 3- 1.415E-01'- '

. DEPiNDEhCIES: 48' <

L' -REQ. BRANCHES: 2
' 7 DCSCRIPTION: Med-CCI-

, CASE / BRANCH SPLIT: 1.415E-01 0.000E+00 , .g

1 !
3 ).

s

'* * * * *" ' QUESil0N ' 58 How much Hydrogen Burns or Leaks Out of Containment?
O - Q-TYPE / TIMES ASKED: DEP.-INPUT PROB, INPUT PARM. -350664

BRANCHES: FrH2 Remi o

i 1,
s

' ~ REAlllED SPLIT: 1.000E+00
'

'
. : SUMMARY BY CASE

, .. . .

CASE NUMBER)$PLIT: '1 9.631E-03-1

: DEPENDENCIES: .1 ' 42 '
> < <

T ' REQ / BRANCHES: 4 +- /43

. .' DESCRIPTION: Brk-V -/no-ICF
. CASE / BRANCH SPLIT: 9.631E-03-*

s

. CASE NUMBER / SPLIT: 2' ~ 5.112E-02 .

'

- DEPENDENCIES . 35 .. 35 22 24
'

REQ. BRANCHES: ( 1 ' +( 3 J' - /4)) 1
*

' *

DESCPIPTION; PrEj BtmHd- /1 LoPr E-Sp .d
CASE / BRANCH SPLIT: .5.112E-02- -I, ,

CASE NUMBER / SPLIT: ,5: 9,393E 01--
.

Intact Containment and n-.DESCRIPTION: .?0therwise- -$ Case 5:
,

CASE / BRANCH SPLIT: 9.393E-01r 7,-
t

* ' -. !
:

.

q; -

- -

. ... <

*"** *" - QUEST 10N: 59 Add H2 pr'odu;ed by CCI to H2 already in . Containment d
Q-TYPE / TIMES ASKED: .lNDEP.- CALC. PROB. 350664

y BRANCHES: L2-H2- L2nH2'-
3

'

. 1 2
s

mi

RCAllZED SPLlit. -6.935E-01 3,066E-01 '

i
,

-

m ,

a. * * * "" * / QUE ST ION : 60- Amount of Steam in Containment after CCl? - I
~'

! ' Q-TYPE / TIMES ASKED: DEP.. INPUT PROB . INPUT PARM. :350664 |
-

JBRANCHES: L2StmCnt --

" . 't. ..

REALIZED SPLIT: 1.000E+00

SUMMARY BY CAit i

TCASENUMBER/SPUT: 1 5.590E-01
~

-0CPENDENCIES: $4 ds

,. . REQ. BRANCHES: 1 js.
>

4;
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. L2 CHR. . ', '- -

'

| ?.9 - -DESCRIPTION: '
5.590( 011

* '4'

f(W CASE / BRANCH SPLIT ' m 1- 3
' > , ..

, _9 |/
,

",.;,.
' ' > . TN

-

W(f i!e
' ' ! < .

' fCASE NUMBER / SPLIT:- 2 ~4.411E-01'
' '

O +. '

DESCRIPTION: . therwise ; $ Case '8: Sprays Not Operating?
. 0'~,# *

#' ,*s ' CASE / BRANCH SPLIT: 4.411E-011-
'

> [y' cy
'

, <,
.

.

t a.
-,

.

. -
' ,,

'
-

.

""**" . QUESTION: ~ 61 'Is the H2 Concentration Flamable? .
g

, " ' y@f
'

'Q TTPE/ TIMES ASKED: DEP. CALC.' PROB.- 350664' .

'
*

'

BRANCHES: L2-H2F =nolt H2F-
'l 2.. n;

' REALIZED SPL1i: 0.000E+00 1.000E+00-.
,

#
r

9
- SUMMARY B'Y CASE

i

h, /ek,

[ "

' CASE NUMBER / SPLIT -- 1 1.000E+00
DEPENDENCIES: 11- 42 e . . - 19 24 W -"

/4 |. +( 1 1)~
*

REQ. BRANCHES: l' +

DESCRIPT!CN: : Bleak../no-!CF E.ACP E-Sp : g -

, . CASE / BRANCH SPLIT: - 0.000E+00 1.000E+00 - . ,.e.
Vdy'

, , -

2.-t'

.

Abgrt
.s"""** ' QUESTION: '62' Does ignition Occur? Conversion Ratto?- ;r .

R
,g: - Q TYPE / TIMES ASKED: DEP.: INPUT PROB. INPUT PARM. 350664 TF

'

~-BRANCHES: -L2 HB' noL2-HB
1: 2s' .

0.000E+00 1.000E+00REALIZED SPLIT:

SUMMARY BY CASE

CASE NUMBER / SPLIT 3 1.000E+00-
%5CRIPTION: Otherwise - $ Case 3: Concentration not flama

CASE / BRANCH SPLIT: 0.000E+00 1.000E+00' ,

vi A . . .

63' Resulting Pressure Rise?
, .. ,

- -"""" QUESTION::~
-Q-TYPE / TIMES ASKED: DEP. CALC. PROB . 350664

' BRANCHES: L2-H2Brn L2nH2Brn
1 2

REALIZED SPLIT: 0.000E+00 1.000E+00

SUMMARY BY CASE

CASE NUMBER / SPLIT: 'l 1.000E+00
DEPENDENCIES: 62

. REQ. BRANCHES: ' 2'
. 0ESCRIPTION:. noL2-HB

4" ' CASE / BRANCH SPLIT: 0.000E+00 1.000E+00;

"""** QUESTION: 64-. Containment Failure; and Type of Containment Failure?~
,Q-TiPE/ TIMES ASKED: DEP. CALC. PROB. . 350664

BRANCHES: L2CF-CRp L2CF Rp L2CF-Lk L2CF-SHEA no L2CF
-1- 2 3 4- '5'

- REALIZED SPLIT: 0.000E+00 0.000E+00 8.775E-04 0.000E+00 9.991E-01
:e

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1- .9.631E-03
-DEPENDENCIES: 42 .

REQ.' BRANCHES: /4 .
. DESCRIPTION: /no-lCF

' CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9.631E-03f' e

i
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;. o
. ' "p>

.. ,
E i .=, s CASE NUMBER / SPLIT:1 2/ 9.904E-01- > ' '

L
. >l''

wc - ., .-DESCRIPTION:L. 'Otherwisc' [,. ?~ >
.

. . ' $ Case 7: j-

{ . CASE / BRANCH SPLIT: 0.000E+00 0.000E+00'8 715$04 0.000E+00 9.B95E-01: '4

W > N g
d, esse ** * ' QUESilDN: .65- Sprays after Very Late CF79 ?

,, ,

g -

.

JQ-1YPE/TlHES ASKED: ; DEP.- INPUT PROB:
'

''
f350664" ,|

'

BRANCHES: F-Sp, noF Sp; h M1 .,

fn iRENilEDSPLIT: - 9.919 -01 8 47Eh03
' '

,
,

y ;, g- SUMMARY BY CASEz
''

t
~ -,

. ., ? ",i CASE NtMBER/ SPLIT: 1 8.147E-03;g
C DEPENDENCIES: ' 52 51

}. '
'

%- ,RQ. BRANCHEst : 3- +f.3~"'

. ( .~DESCRIPT10N: L2fSp, L2fACP:
M ,i CASE / BRANCH SPLIT: 10.000E+00 8.141E-03-

'

,

+ .

. CASE. NUMBER /SPtli:. 3' 9.919E-01 . I

$ .-4E.? DESCRIPTION:- Otherwise' . '. $ Case 3: No-catastrophic rupturei1 ,

-t ' ' CASE / BRANCH SPLIT:, .

9.91]E-01 0 000E+00 i

'
. QUESil0N: 66- Fan Coolers 'after Very Late CF7 5* *****

,Q-TTPE/.TlHES ASKED: DEP.-INPUT PROB. 350664- '

. BRANCHES: F-FC . FfFC -

. 1- ~ 2- .

, REALIZE 0 SPLli- |5.590E-01 4.411E-01 ,},
,

SUHMARY BY CASE '

;

CASE NUMBER / SPLIT . 1 4.411E-01' 5

DEPENDENCIEsf ' 53. ' 51 :I'

'

REQ. BRANCHES:. 3: 1+' 3~ 1

DESCRIPil0N: L2fFC L2fACP . !

LCASE/BRANCHSPLIT: 0.000E+00 4.411E-01 $.

, CASE NUMSER/ SPLIT: '2 '5.590E-017
.

31: DESCRIPTION: -Otherwise $' were avaliable and we as
i. oCASE/ BRANCH SPLIT: 5.590E 01 0.000E+00

.
,.

4??'***** -QUESTION: 67 ' Containment ' Heat Removal af ter Very Late CF7
?Q TYPE /TlHES ASKED' DEP. INPUT PROP. 350664=~~

'

, BRANCHES:i .F-CHR FfCHR
1- 2 ,

_g REALIZED SPLITi .9.965E-01 3.551E-03,

SUMMARY BY CASE-

4LCASE NUMBER / SPLIT: 1 9.965E-01'
DEPENDENCIES: 65' 66 '<

,

| REQ. BRANCHES; :1 '+ 1- ,

DESCRIP110N: F-Sp - F FC
'

= CASE / BRANCH SPL1T: 9.965E-0; 0.000E+00

*
. CASE NUMBER / SPLIT: 2 3.551E-03-

| DESCRIPTION: Otherwise ^$ Case 2: No Sprays.'No Fan Cooler
? CASE / BRANCH SPLIT:' O.000E+00 3.551E-03

'

m;. i

f********IQUESTIONf '68 i Eventual Basemat Helt-through?.
! Q-TYPE / TIMES ASKED: .DEP. INPUT PROB.

'

511296
" BRANCHES: MinDePr HTwDePr noHT

,
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- . - - . . . . . . .. ,

__

'. yh' 't

h.
: |'.

'

1[Ib
Hii 1 2 3

REALIZED SPLIT: 1.846E-01 6.153E-02 7.541E-01

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 1.568E-02
DEPENDENCIES: 11 23 42 64

'

REQ. BRANCHES: 1 + 1 + /4 + /5
i.

DESCRIPTIJN: B-Leak noVB /no-lCF /no-L2CF

.
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 1.568f -02

CASE NUMBER / SPLIT: 2 3.032E-01
DEPENDENCIES: 50 55 65

* *
REQ. BRANCHES: 2 2 1

[ DESCRIPT10N: noPrmCCI noDidCCI F-Sp
CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 3.032E-01

m

CASE ' LUMBER / SPLIT: 3 5.493E-01
JEPENDENCIES: 48 65

*
REQ. BRANChtS: 1 1

gg
: DESCRIPi10N: trg-CCI F-Sp

CASE / BRANCH SPLIT: 1.048E-01 5.493E-02 3.296E-01'

CASE NUMBER / SPLIT: 5 1.320E-01
*9 DEPENDENCIES: 48 65

*-

REQ. BRANCHES: 2 1

DESCRIPil0N: Med-CCI F-Sp-

CASE / BRANCH SPLIT: 1.980E-02 6.599E-03 1.056E-01

$
******** QUESTION: 69 Eventual Overpr essure Failure of Containment?
Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 511296

BRANCHES: F-CF-OP noFCFOP

1 2.-
REALIZED SPLIT: 0.000E+00 1.000E+00

SUMMARY BY CASE

CASE NUMBER / SPLIT: 1 1.000E+00*

--- DEPENDENCIES: 11 23 42 64 67

+ /5 + 1/4REQ. BRANCHES: 1 + 1 +
- DESCRIPTION: B-Leak noVB /no-ICF /no-L2CF F-CHR

CASE / BRANCH SPLIT: 0.000E+00 1.000E+00

QUESTION: 70 Basenat Melt-through before Overpressure Failure?********

Q-TYPE / TIMES ASKED: DEP. INPUT PROB. 511296

BRANCHES: F-BMT FCF-Lk Neither
1 2 3

REALIZED SPLIT: 2.461E-01 0.000E+00 7.540E 01
m

== SUMMARY BY CASE

CASE huMBER/ SPLIT: 1 2.461E-01
'

DEPENDENCIES: 68 69
*

REQ. BRANCHES: /3 2

DESCRIPTION: /noMT noFCF0P

; CASE / BRANCH SPLli- 2.461E-01 0.000E+00 0.000E +00
_

.

CASE NUMBER / SPLIT: 5 7.540E-01
DESCRIPTION: Otherwise S Case 5: Have neither BMT nor

CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 7.540E-01
_

"

******** QUESTION: 71 Final Containment Condition?
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B-p 2 0-TYPE / TIMES ASKED:; ' DEP. INPUT PR0b.. -

..

~ Bypass. noCF Shear i
'511296 '

( BRANCHES: .F-Ruotr- F-Leak- F-MT.
. q

'

,

q
. . . 10 2 3 :4:-

. 5 . 6-<

'

.

p.; - REAt!2ED. SPLIT: " 8.148L 03 7.267E-03. 2.461E-01 0.000E+00 7.386E-01 4.66BE-05

'SUMhARY'BYCASE!
'

'

1 t,
'

, , '4.m
#

I) CASE' UMBER / SPLITS11' ; .B.148E-03:N

M DEPENDENCIES: 42- . 42^ 64
. 64L

+
,

,

REQ. BRANCHES: .. 1. + 2- +. -1 L+ . 2-
*

DESCRIPTION: "ICF-CtRp-ICF-Rupt- L2CF CRp ~L2CF-Rp
-

SCASE/ BRANCH SPLIT:
|e

-

8.146E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 * 't
e

S CASE NUMBER / SPLIT: 2' 7.267E 03
h'j iDEPENDENCIES: 11' 42 64 70 -'
g. ; REQ. BRANCHES: 1 '+ ' 3' -:+ . 3- -+ 2-"

'

,. DESCRIPTION:..B Leak ICF-Leak L2CF-Lk FCF-Lk
[ " oCASE/ BRANCH SPLIT . : 0.000E+00 7.267E-03 0,000E+00 0.000E+00 0.000E+00 0.000E+00

: ' CASE NUMBER / SPLIT: 3 4.608E'05'
'

- '

b' 3 DEPENDENCIES: 42 . (A ; ;
REQ 4 BRANCHES: 5' +t 4 'i

O
..CASEr|| RANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 0'.000E+00 0.000C+00 4,668E 05 '4.

' DESCRIPTION: .ICF-Shear L2CF-SHEA . .
. . -i

f
<,

'

-. CASE NUMBER / SPLIT: 5 2.461E-01
9 DEPENDENCIE$i 704

~ REQ.-BRANCHES: .1- .,'
t ' DESCRIPTION: F-BMT .

. -f
CASE / BRANCH SPLIT:- 0.000E+00 0.000E+00 2.461E-01 0.000E+00 0.000E+00 0.000E+00

w-- , - .
.

7.386E 01
''

' CASE NUMBER / SPLIT:. 6
DESCRIPTION: Otherwise: $. Case 6: No Cs

( > f; CASE / BRANCH SPLIT: 0.000E+00 0.000E+00 0.000E+00 0.000E+00 7.386E-01 0.000E+00
4 IJ ,,

'

' .} .***"" * ' 'QUE ST I ON : 72! Time of core damage
b, ;QTYPE/TIMESASKED: DEP.. INPUT PROB. 511296 i

,

K BRANCHES: :ECoro LCor0. |
'

. 1. 2
. REAllZED SPLIT: - 0.000E+00 1.000E+00

SUMMARY BY CASE
'

-(- Yi CASE NUMBER / SPLIT: . 3.8 .3 19

l' l.000Ek00
. DEPENDENCIES::'' '

. REQ.- BRANCHES: . 5 +.. I- ~ +( 2o ' . * 1)
'

-

.

af
. CASE / BRANCH SPLIT: 0.000E+00 1.000E+00

:DESCRIPfl0N:6.BIECCS' SG-HR BaECCS E-ACP
,

,
,

p;
a

,
,

>t

'
i

^-

. ' . ' bj i
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APPENDIX C - "

ZION ACCIDENT PROGRESSION BINNING- o ,

. '

FILE FROM DRAFT NUREG/CR-4551*

1

.

-

_I

.'} ,

5

4 -

s

i~1 1

^|.

6 i
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LAPPENDIX C" X

+ .
.- Zion' Accident Progression BinningW

.'

FileFromDraftNUREG/CR-4551-
!. '

*

This Appendix lists'the'EVNTRE input file used to bin the end states of.s
the Zion APET-into accident progression bins for the ZISOR_ source' term

(analysis in draft NUREG/CR-4551 for. Zion. -

"Iton Binning.- Rev, 5 - 6/2/89 - 12 Characteristics
12 CF-Time Sprays CCIL RCS-Pres VB-Mode SGTR Amt-CCl

Zr-Ox .HPME CF-Size RCS Hole .CD-Time- ,
*

17 ' f 7 V-Dry -: V-Wet Early-CF -CF-at-VB Late-CF Vlate-CF No-CF $ Char.1 Containment Falkre $ t.e
4| ;7 71' . 1 IB . . 71 $ Case 1,* Attr| ? (G), No CF or No V.

5-+((- 5-+ 1- ) * ' 4 ), .

.noCF-or((B-SGTRor E-SGTRS3)& Bypass ) .-
2 1: 1= 12. $ Case 2.Attr.1(A),V-Dry

4 - * -2-
Brk-V; & V-Dry

2 2' 1 12. $ Case 3 Attr. 2 (B), V Wet
3:

, .4 -g*

. BrvV & -- V-Vet
42 42 $ Case 4. Attr. 3 (C), CF before Vessel Breach4= 3 11

42 . *-5 ' ' -21: c-1-*

B Leak ,& nolCF-CR & nolCF-Sh &nolCF-Rp
$ Case 5 Attr. 4 (D), CF at Vessel Breach.1 4 142 ,

-4
1-CF-

1. S' 64 L 1$ Case 6 Attr. 5 (E), Very late CF (after CCl)
-5'

L2-CF
-2- 6 70 '71 $ Cate 7,~Attr. 6 (F), Final CF (about 24 hours after VB)

2'+ :3
FCF-Lk . or ' F-MT

8: 8.-Sp-Early Sp-E+11 Sp-E+1+L'SpAlways Sp Late :Sp-L+VL
Sp-VL Sp-Never Sp-Final- ,

.

. -$ Characteristic.2, Sprays ,
'

. 4' 1 24 ^ .
43 .45 52 $ Case'1,;Attr. 1 (A) Early sprays only

1
.

1*- -I '-1* * -'

' E Sp ' & nol2 Sp & noL Sp L& noL2 Sp
4 '2 24- 43 45 52 $ Case'2. Attr. 2 (B), Early % Im sprays only

1* 1 .
1=*l' a

. . .
E-Sp & 12-Sp & noL-Sp- &. noL2-Sp

4 '3' 24 '43 45 52 $ Case 3,Attr.3(C),Early,Im&Latesprays
:n .1...* 1* 1 -1*

E-Sp -&- 12 Sp & - L-Sp .& noL2-Sp

4 4 ' 24 43 45 52 $ Case 4 Attr. 4 (D), Sprays always
1 1* 1 . 1. . $ (Alwaysw/r/treleases),;

* *

'E-Sp &- 12-Sp & _L-Sp & L2-Sp,

4 5| ~24 .
43' '45 . 52 $ Case 5. Attr. 5 (E), Late sprays only1

1 . *- 1 *. 1 +* 1

.E CHR :& nol2-Sp & L-Sp & noL2 Sp
43 . 45 . 52 $ Case 6. Attr.6 (F), late & VL sprays only:4L 6^ 24 .
.-1 * 1<* 1-I -*

E-CHR .& rol2 Sp & L-Sp & L2-Sp.-

4 7 24 . 43 45 52 $ Case 7. Attr. 7 (G),' Very late sprays only
.1 * 1 -1**

1

E-CHR & nol2 Sp & not-Sp & L2 Sp*

C-3
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w; - -

>
'

;gy ,,,

1
*

, -,

<
,

; e 5) : 8 _ " . 24 1 , . f.3 * ; 1.* . 1)+ 1. $ ( Never w/r/t releases').
431 ' 45 ).

-

|52 !65 $ Case 8,' Attr.' 8 (H), Sprays'never., ,

~ ( .3 4 ;;* :
_

't-CHR ,&'nol2 Sp &i noL-Sp '& nott-Sp or.F-Sp ..m
6s 6 :Promt-Dry) PromtShlw No-CCI PromtDeep' SDlyd-Dry LDlyd-Dry: $ Characteristic 3','

. 3, 1'' 'SD: . 31 = 28 - . . . , $- Core-Concrete Interactton:
'

~ '
. . I s .? : .2 . -3$ Case 1.Attr,1(A),PromptCCI:-CavityDry '* ~

'

'
.. .PrmptCCI-&fRC-Dryl & noAcDaVB
32 ~ ' 50 J 31-^

*'. .'3$ Cavity contains accumulator water only
28 $ Case 2. Attr. 2 (B)',' Prompt CCI . Shallow Pool Scrubbing,

1..''' ; 2
. PrmptCCI :f & RC-Dry & AcDaVB -

=2 3 .- : 5D - . 55 : $ Case 3. Attr. 3 (C),' No CCI
.2 -* 2. $' Coolable with water,'or no VB. >

.noPrmCCI & noDidCCI
211-4 SD

,

31' ' $ Case 4 'Attr. 4 (D), Prompt'CCI - Deep Pool'$crubbing4

1-|* . 1 .$ Cavityisfull-('4 feet):.

PrmptCCIL & ,RC-We t -
2-155 55 ,~*

'
28 $ Case'5, Attr. $ (E) Delayed CCI - Cavity Dry'

s
,

1 J $ . Short Delay - Bo11'off Accumulator water only ;
. . . . DelydCCI . & L AcDaVB
2 6 . 55 ^ j . 31- $ Case 6. Attr. 6 (F), Delayed CCI Cavity' Dry .

*

' * ,

.. 1 Ll' 3 Long Delay - Boll off Full (14 ft) Cavity qDelydCCI &. RC-Wet
~

=

14 4' SSPr, HlPr ,ImPr LoPr
.. $ Characteristic 4. RCS Pressure before VB' l . 'l : 22 : $ Case 1, Attr. 1 (A), System setpoint pressure

1

. I-SSPr
! .2 22; $ C6se 2. Attr. 2 (B), High pressure -

2
1 HiPr-

- 1 _- 3 - 22 $ Case 3, Attr. 3 (C), Intermediate pressure -+
+

3.
. .

1-ImPr
1. 4 - 22 $ Case 4 Attr. 4 (D), Low pressure

'4-
_ _ l-LoPr .

, ;}!,;^
;6 6 VB-HPME VB-Pour .VB-BtmHd Alpha ' Rocket No-VB . $ Characteristic 5. Mode of. Vessel Breach ~!
il -1 35- $ Case 1, Attr.1 (A), Pressurized Ejection (incl. |. +ect Heating)'

I $ Characteristic 5 is Not Used in SURSOR.
. PrEj. $ All HPME information is obtained from Charc 9.

,(1 2- 35 - $ Case 2, Attr. 2 (B), Gravity Pour 't

2
Pour

a:l':5. 36 $ Case 3, Attr. 5 (E), Rocket
1 $- Has to come before BtmHd since 8tmHd required for Rocket

RocketE
1 ,3' 35 $ Case 4, Attr. 3 (C), Gross Bottom Hepd Failure

-3.
'BtmHd

,

DI 4 34 - $ Case 5, Attr. 4 (D), Alpha Mode
'

:1
'

Alpha
1: 6 23 $ Case 6,Attr.6(F),NoVesselBreach

1,

.noVB -
3 .3 .SGTR SGTR SRVO No-SGTR ' $ Char. 6, Steam Generator Tube Rupture

. 3 'l . I' 2 18 $ Case 1, Attr.1 (A) SGTR
.(L ' 5 ;* 2 )+- 1 $ Secondary system SRVs are not stuck open

.=( B-SGTR~ &' SSRVnstD') ore-SGTRS3
,

2 _' , 2 lb. 2 $ Case 2 Attr. 2 (B) SGTR with Stuck-Open SRys
5 :* 1

B-SGTR lf, $$RV St0
J2. 3 ~1 18- $ Case 3,'Attr. 3 (C), No SGTR'

-5 ,* 2
nob-SGTR &; noE-SGTR

4; 4 trg-CCI Med CCl .Sml-CCI No-CCl $ Characteristic 7 Amount of Core in CCI

& C-4

.-
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7- -
4 ,

(
,

. ... 2'*.-
55 $ Case IF Attr."4 (D), ho CCI ,

2 -. , 4 50 - ,

- . . 2

noPraCCI: L'noDidCCI .

. .
..

1 . 'l 48 = . <35 _ . 35 ' 22: .$ Case 2. Attr.,1 (A). Large Amount of Core in CCI (70-100%).
.

.._1.* . 12 + ( 3 * -4 ) ..

' trg-CCI --
-1 2 - 48 - $ Case 3 Attr. 2 (B), Medim Amount of Core in CCI (30-70%) '

t
:" . Mid-CCI

1 ^3 .48 L $ Case 4,' Attr. 3 (C), small Amount of Core in CCI (0-30%)-
.3-

Sal-CCI . -

' 't ; 1- 30L
.

. . .

$ Characteristic 8, Zr Oxidation
g, 2 12 Lo-Zr0x Hl-2r0x ' $ Case 1,' Attr. 1 (A), Lo.Zr Oxidation (<40%) In-Vessel-

2

-Lo-Zrox
1 2 30: $ Case 2, Attr. 2 (B), Hi Zr Oxidation (>40%) In Vessel

l',

Hi Zr0x ,

'

4- 4 Hi-HPME Md-HPME Lo-HPME No-HPME $ Char, 9. High Pressure Helt Ejection -

4 :l' 33 35- 35 22 -$ Case 1. Attr.'l (A) High Fraction Ejected (>40%).-'

-1 * (. 1+'( 3' ' -4 ))
'

-

Hi FCoR & ( .PrEj or (-; BtmHd~.& nolLoPr)) .

4= 2 33 . ~ 35 35 22 $ Case 2. Attr. 2 (B), Medium Fraction Ejected (20 40%).
. .-4 ))*2-*(. I ' + - ( .- 3

Md-FCoR & ( ~PrEj or (a BtmHd & .nol LoPr))
4 3 '33 .35 35 - 22 $ Case 3. Attr. 3 (C) Low Fraction Ejected (<20%)

3-*(. 1+ ( .3;*' 4))
~

La-FCoR & ( PrEjor( 8tmHd & nol-LoPr)) -

.

.I ~4 35' $ Case 4. Attr. 4 (D), No HPME
-l

2 noPrEj. .
:7' 7-' Cat-Rupt Rupture Leak SHEAR' BMT Bypass No-CF $ 10th Char..- Type of Cont. Failure

!1381-
1 6 71 $ Case 1, Attr. 6 (F). Bypass (V or $GTR) - 1382

; . 4
' 1383-

1384-
.

Bypass . .

s ,1385:
2 :1 42 64 $ Case 2 Attr. 1 (A), Catastrophic Rupture

1386-1 + 1
1387ICF-CtRp orL2CF.CRp'. _

2' 2 42 64 - $ Case 3. Attr. 2 (B), Rupture - 1388:
1389-'2 + . 2'-

1390.'ICF-Rupt orL2CF Rp .

1 3~ '71-
~ $ Case 4, Attr. 3 (C) Leak 1391

'1392
2

1393
F-Leak

1- 4 71 $ Case 5,~Attr.4(D), SHEAR 1394
1395-

6
'F-SHEAR ,

1396'

- 1 5 71 $ Case 6, Attr. 5 (E), BMT 1397
1398,

3
F-MT -

1:7 71
5

1399-~'

NOCF
$ Char; 11. Number of Holes in the RCS2 2 1 Hole 2-Holes .

$ Case 1, Attr. 1 (A), One Hole4 1 ' 21 - 21 34 36
-l

* -2- 2 2 $ Event V = 1 hole - path too long* *

noEBD-A & noEBD-52 & noAlpha & noRocket
4 2 21 '21 34 '36 $ Case 2. Attr. 2 (B). Two Holes

I + '2'+ 1 '+ 1 $ 53 Holes are too Small for Natural Circulation '
EBD-A or EBD-S2 or Alpha or Rocket'

2 2 E CD L-CD
1 1 72

1
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