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ABSTRACT

This repon calculates the risk benefit associaled with potential performance improve-
ments for the large dry pressurized water reactor (PWR) containment. The analysis is based
on the June 1989 draft NUREG- 1150 results for the Zion commercial nuclear reactor. Sim-
plified containment event trees and the iarge accident progression event trees from draft
NUREG-1150 are used to evali ute the effects of potential improvements on the response of
the Zion coatainment 1o dorm it severe accident sequences. Source terms are generated
parametrically using the ZISOR code and offsite consequences are calculuted with the
MELCOR Accident Consequence Code System (MACCS). These results give point esti-
mates of the risk redu~ion associated with each containment improvement wdentified by
Brookhaven National _ahoratory in their draft Issues Charactenzation Repon.

FIN No. A6890-—Quantitative Analysis of Potential Performance Improvements for the
Dry Pressurized Water Reactor Containment



EXECUTIVE SUMMARY

This repon provides a quantitative analysis of the
nisk reduction potential associated with the contain-
ment performance improvements identified in the
drah Issues Characterization Repon for the dry PWR
containment. These improvements are as follows:
(1) enhanced reactor depressurization (0 mitigate
direct containment beating (DCH), (2) addition of a
cavity Nlooding system 1o ensure that the reactor cavity
1s flooded at the tme of vessel breach, (3) improve-
ments in the hydrogen control system, (4) containment
venting, and (5) modifications 10 reduce the frequency
of the interfacing systems loss—-of-coolant accident
(LOCA). The last two improvements {items (4) and
(5)) are not evaluated in this report.

The quantitative analysis in this report relied exclu-
sively upon the June 1989 draft NUREG- 1150 analy-
sis of the Zion plant. Therefore, the findings in this
repon are necessarily specific 1o the Zion plant. These
results should not be applied to other dry PWR con-
tainments without further analysis, with due consider-
ation given to plant-specific and sie-specific features
that can affect the results.

Simplified containment event trees were used
wherever possible to analyze the containment response.
They were derived from the lurge accident progression

Table ES- 1. Composite annual nisk results

event trees used for the June 1989 Zion druft
NUREG- 1150 analysis. In some cases, dependencies
among questions in the accident progression event trees
made the use of simplified event trees impracticable . in
these cases, the draft NUREG- 1150 computer codes
were used to analyze the improvements, with the Zion
acadent progression event trees used as input files.

Table ES-1 presents @ summary of the calculated
results of the risk benefit analysis.

Table ES-2 shows the relative contribution of the
vanous modes of containment failure to two of the off-
site risk measures in the base case, the 50- and
1000-mile population doses. These contributions are a
weighted average of the contributions from each plant
damage state group.

The following conclusions can be drawn from the
analysis performed for this report. The above caveat
about the plant-gpecific nature of the results should be
kept in mind.

The benefits to risk of intentional operator depressu-
rization cannot be judged conclusively. Vessel depres-
surization appears to have both positive and negative
effects. First, vessel breach may be prevented in some

Mean 50-Mile Mean 1000-Mile Mean Offsite
Mean Early Mean Latent Dose Dose Costs
_Fatalities Fatalities (Persun-Rem) (Person-Rem) $
Base case 3.31E-05 1.39E-02 26.3 84.6 5 99E+(4
Depressurization 3.18E-05 1.38E-02 26.2 839 5 93E+(4
via PORVs
Full depressurization 4.12E-05 1.39E-02 26.3 844 5 OBE+(4
#1 (no HPME)
Full depressunzation |1 .60E-05 1.09E-02 18.7 65.2 5.23E+(4
#2 (no HPME)*
Cavity flooding 3.12E-05 1.28E-02 240 76.5 S.SRE+(M
H; control 331E-08 1.39E-02 26.3 846 5 90E+M

a. This case includes the use of & point estimate @ mode failure probability of 8 OE-04




Teble ES- 2. Containment failure mode contrioution 10 offsite dose (hase Case)

Contribution to  50-Mile Dose

Contwnment Faulure Mode ( %)
DCH 21
a 718
Bypass 26.1
Late overpressure £
Basemat melt-through 3
€ = negligible

Contribution to 1000-Mile Dose
(%)

75.0
23.)

sequences by intentional depressunzation, because
depressunization may allow injection from available
low pressure systems. This is the case, for example, in
sequences where AC power is available. Depressu-
rization also eliminates temperature—induced sieam
generator tube ruptures, which bypass the contain-
ment. However, depressunzation reduces but does not
eliminate DCH failures for Zion, because the capacity
of the pressurizer pilot-operated relief valves
(PORVs) has not been shown 1o be sufficient 1o fully
depressurize the reactor (<200 peig). Finally, if the
conditional probabilities of a mode failure (contain-
ment failure as the result of an in-vesse) steam explo-
sion) developed for draft NUREG-1150 are used, then
the benefits of depressun zation may be offset by an -
creased probability of early containment failure,
because NUREG-1150 has judged a mode failure 1o
be more litely at low reactor cooant system (RCS)
pressures

The addition of a cavity flooding system yields a
slight reduction in risk but may increase the prob-
ability of DCH failure in some sequences. The effect of
a flooded cavity on the threat from DCH is not known
The discussion in the draft Issues Characterization
Report for the dry PWR containi. ent appears 10
indicate that the effect muy be piant-specific,
enhancing the threat at some plants while mitigating 1
at others. At any rate, the risk reduction is not
significant for Zion. Flooding the cavity does increase
the conditional probabililty of an ex-vessel steam ex-
plosion; however, because ex-vessel steam explosions
are an insignificant threat 1o containment integnty at
Zion, this effect does not increase offsite nsk

Improvements in the hydrogen control sysiems are of
no benefit in terms of risk. This result is very specific 10
Zion. Other plants, particularly those with smaller sut
atmospheric containments, might realize a more sig
nificant risk reduction from hydrogen control
improvememts

Improvements 1o reduce the frequency of contain-
ment bypass sequences would provide the greatest
tangible risk reduction bengfit. Containment bypass
sequences, both the so-called interfacing sysiems
LOCA ard st=am generator tibe rupture (SGTR),
contribute very significantly 10 the annual offsite nsk
at Zion. “Front-end” improvements 1o reduce the
incidence of bypass initiators have not been analyzed
However, any reductions in bypass frequency would
provide a corresponding reduction in all risk measures
In addition, a preliminary repori from Sandia National
Laboratory (SNL) mentions two possible mitigative
strategies, based on a plant visit 10 Surry. The first of
these strategies 18 10 eusure that ihe break location in
the interfacing systoms LOCA is submerged. The
second is a suggestion o reflood the steam gencralors
inthe case 0 ~GTR, 1o ensure that the release from the
RCS is scrubbed through a volume of water. Neither of
these suggestions has been evaluated in this repon,
because the means to do so were unavailable. A
preliminary evaluation of these improvements for
Surry by SNL found a significant reruction in the early
and latent fatality nsk (no doses or offsite costs were
calculated). Both may have the potential 1o genencally
reduce the bypass sequence nsk. However, the efficacy
and cost-effectiveness of these strategies is best
determined on a plant-specific basis

Gradual overpressurizatien by noncondensible
gases (ing luding steam) is not a threat to conlginment
integrity for Zion. Containmesi failure by eventual
overpressurization (time scale of one or more days)
was predicted only in the APET runs made for the
LOCA plant damage “tate group. Even in these cases,
the conditional probability of eventual overpressuriza-
ton was very small. Again, this result is Zion-specific
A relatively high probability of containment failure at-
tributable to basemat melt-through (BMT) was found.
however, these failures are neghgible contnbutors to
offsite nsk




FOREWORD

SECY-B8--47 dated May 25, 1985, presented the NRC staff 's program plan to evaluate
generic severe accident contatnment vulnerabilities via the Containment Performance
Improvement (CPI) program. This effort was predicated on the assumption that there are
genenc 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 containment features are warranted, and to confirm the
adequacy of the existing Commission policy. The bases for the assumption that such
assessments w *re needed included the uncertainty in the ability of some LWR containments
to suoccessfully survive some severe accident challenges, as indicated in draft
NUREG-1150. All LWR containment types have been assessed beginning with the boiling
water reactors (BWRs) with Mark | containments. This effort was closely integrated with
the Individual Plant Examination (IPE) program and 1s intended to focus on resolution of
hardware and procedural issues related 1o genenc containment challenges

This report documents the results of NRC-sponsored research related to severe acoident

challenges and potential enhancements that could improve containment performance. The
purpose of this report is to provide pressurized water reactor (PWR) dry containment
owners with information they may find useful in their IPE. No requirements are contained
in thas report; it is provided for information only
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QUANTITATIVE ANALYSIS OF POTENTIAL
PERFORMANCE iIMPROVEMENTS FOR THE DRY
PRESSURIZED WATER REACTOR CONTAINMENT

1. INTRODUCTION

In SECY-88-147, dated May 25, 195K, the
NRC staff presented to the Commission its program
plan 1o evaluaie genenc severe acoident cantmnment
vulnerabilities in the Containment Performance
Improvement (CPI) program . Thus effort is predicated
on the presumption that there are genenc severe acc)-
dent challenges to each Light water reactor (LWR) con-
tainment type that should be assessed to determine
whether additional regulatory guidance or require-
ments concerning needed containment features are
warranted, and to confirm the adequacy of the existing
Commission policy. The bases for the presumption
that such assessments are needed include the uncer-
tainty in the ability of LWR containments 1o success-
fully survive some severe accident challenges, as
indicated by draft NUREG-1150."

This report fncuses on dominant severe acc.dent
challenges, as identified by the most recent
NUREG-1150 research, which can conceivably
threaten dry PWR containment integrity. Potential
improvements from the draft Issues Characienzation
Repont? are evaluated for their ability to arrest core
damage, prevent or delay contminment failure durning
postulated severe aocidents, or mitigate the offsite
health consequences of a fission product release
Accordingly, a risk analysis has 10 be performed to
correlate containment challenges, resulting conse-
quences, sequence frequencies. and potential improve-
ment benefits. Potential improvements and benefits
are considered for each containment challenge

A quantitative nisk analysis 1s presented to correlate
severe accident sequence frequencies, containment
failure mode probabilities, and the magnitude of the
offsite consequences. As seen in Equation 1.1, the nisk

from operation of a nuclear power plant stems trom all
these factors

RISK, = S S_ [nmo, * CRMP,

-l -

| + cons, &P,

where,
RISK, the risk associated with conse-
quence measure k

FREQ, the frequency of accident sequence |

CRMP; the conditional probability of con-
tmnment release mode §, given acci-
dent sequence |

FPy fission product source term for con-
tainment release mode j of acaident
sequence i

mean magnitude of consequence k,
given fission product source term
(FPy) for release mode | and
sequence 1

Consequently, all factors affecting plant nisk should be
considered in a program to improve containment
performance

Because of ime and budget constraints, this reporn
analyzes only PWR containments that operate at atmo-
spheric pressure, with Zion being choset: as the refer-
ence plant. Subatmesphenc containments such as
Surry are not specifically analyzed in this report,
although some of the conclusions reached may also be
applicable to this type of PWR containment as well,
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
may be specific to Zion; applicability 10 other sites
would have to be verified on a plant-specific basis

The analyses in this report are based on the June
1989 draft NUREG-1150 analysis of the Zion
plant.' 4 The methodology used is explained in detail
in Section 2. Briefly, simphified containment event
trees (SCETs), each consisting of 1015 top events,
were developed from the large 72-question accident
progression event wrees (APET) used to analyze the
Zion containment response for draft NUKEG-1150. A
base case SCET was constructed for each of the domi-
nant Zion plant damage states: (1) loss—of-coolant




sccrdents (LOCASs), (2 station blackout (SBO),
(1) transients (ncluding anticipated transients with-
out scram ), and (4) contaimment bypass. Each of these
plant damage states is defined in draft NUREG/
CR-4550 for Zion® The SCETs were utilized 1o the
greatest extent possible in analyzing the effects of the
potential improvements on contanment response. The
details of how this was done are provided in Section 2

To reduce the number of source term calculations,
the end states of the SCETs were grouped itio accident
progression bins in accordance with the binning
scheme presented in draft NUREG/CR-4551 for
Zion* This scheme groups together end states that
have similar characteristics of contanment faiture
maode, type of reactor vessel breach, amount of core-
concrete interaction (CCl), etc. The details of the
scheme used to bin the SCET end states are presented
in Secthon 2

For each accident progression bin produced by
grouping the SCET end states, a source term must be
calculated so that offsite consequences can be deter-
mined. As in the drafit NUREG-1150 analysis of Zion,
the ZISOR parametnc source term generation code
was used 1o do this.* For each accident progression
bin, ZISOR purametncally calculates important char-
actenstics of the containment release. Examples of
these characienistics are the time and duration of the re-
lease, the release fractions of the various nuchde
groups, and the energy of the release. In all of the cases
in this report, point estimates of the source terms were
obtained using ZISOR. This is an impontant technical-
ity that will be discussed in more detail in later
sections

The source terms generated with the ZISOR code
are input to the MELCOR Accident Consequence
Code System (MACCS), along with site data from
the Zion draft NUREG-1150 MACCS deck. The

MACCS code generates conditional offsite con-
sequences for each set of source terms input from
ZISOR, generally for each accident progression bin
These conditional consequences are the iast input
needed to calculate nsk using Equation 1.1. For this
report, five nsk measures are reported: (1) the mean
number of early (acute) fatalities per reactor-year of
operation, (2) the mean number of latent cancer
fatalities per reactor-year of operation, (3) the mean
dose (in person-rem per reactor-year) within 50 miles
of the plant, (4) the mean dose (in person-rem per
reactor-year) over the entire 1000-mile MACCS
calculational grid, and (3) the 'aean ofisite costs
(§ per reactor-year)

The authors would like 1o emphasize that point
estimates of nsk were calculated for this repon. There
1§ an uncertainty range associated with each of these
numbers, either because of sochastic variations or
lack of knowledge These uncertainties have not been
fully evaluated for this repon, since a full uncertainty
analysis was beyond the specified scope of work. In
some instances, sensitivity cases have been run in an
attempt 1o provide an esumate of uncentainty. How-
ever, the reader should keep this limiation in mind
when using any of the risk estimates in thus report

A word of caution should likewise be added about
the number of significant figures associated with the
values in this report. In most cases, the codes used in
the analysis provide two or more significant figures
The authors generally have reported all values using
two or three significant figures. However, this does
not sigmfy high confidence in these values to this level
of precis:on. On the contrary, our level of knowledge is
limited 1o, at most, one significant figure. The impor-
tant point is that the reader shouid not take the values
in this report literally to the second or third place afier
the decimal, because the values are not really accurate-
ly known to that level. As anexample, a reporied value
of 0.167 should probabiy be interpreted as 0.2




This section describes i some detail the method-
ology used 10 construct and quantify the SCETs Tt also
describes the process used 10 bin the SCET end states
inlo accident progression bins, the use of the ZISOR
code 1o generate source terms, and the use of the
MACCS code to calculate consequences. Readers in-
terested primarnily in the results of the analysis rather
than the details of the analysis itself may omit thus
secuon

2.1 Construction of SCETs

The EVNTRE event progression analysis code®
provided the essential 100l for developing SCETs from
the large APETs used for Reference 4 The Zion APET
consists of 72 questions or top events, with most ques-
tons having multiple branches (see Appendix A for a
listing of a representative Zion APET). Because the
APET is so large and complex, it cannot be graphically
represented; it exists or * as a computer input file. The
APET's complexity makes it very useful for detailed
evaluations of containment response but the anal ysis 18
similarly complicated and the resuits can be difficult 10
interpret without highly detailed knowledge of the
analysis. One of the goals of this analysis was 10 con
dense the information contained in the APET into a
form that can be graphically displayed so that irdivid-
ual paths through the event tree can be visually traced
out. Thus, there was a need to construct SCETs

Rather than the 72 questions in the Zion APET, the
SCETs each have at most 10-20 questions. In addition,
al! branching in the SCETSs is binary. Tertiary and high-
*r order branching was eliminated in order to simplify

ue paths through the tree to the greatest possible
Jxtent

2.1.1  Branching Structure Determination
The skeleial structure of each SCET was deveioped by
using the sorting feature in the EVNTRE code. This
featere allows the user to select summary questions
displaying the relevant accident progression phenome-
nology from the APET and sort the output of the APET
on these questions. The result of this soring 1s a greal-
ly simplified event tree, whose top events are simply
the summary questions arranged according to the order
specified in the sort. The sorted output file from
EVNTRE provides the branching structure for the
SCET. To make this concept more concrete, the base
case SCET for the LOCA plant damage state (PDS) 1s
developed 'n this s¢ 2tion as an example

2. METHODOLOGY

The full 72-question APET for the Zion LOCA
PDS 1s listed in Appendix A for reference. The fust
step in constructing the SCET 15 10 select the summary
questions from the APET that will represent the top
events in the SCET. For wne LOCA PDS, the following
questions were chosen (the question numbers refer 10
the APET hsted in Appendix A)

1. Cl-#11: Evem Cl guestions whether there
is pre-existing containment leakage

o

VB - #23:  Event VB questions whether
reactor vessel breach occurs

3. E-SPRY - #24: Event E-SPRY goestions
whether containment sprays are available
prior 10 vessel breach

4. FLD - #31: Event FLD questions whether
the reactor cavity *s flooded or dry at the time
of vessel breach

5. HPME - #35: Event HPME questious
whether high pressure melt ejection occurs at
the ume of vessel breach

6. EVSE - #40: Evemt EVSE questions
whether a significant ex—vessel steam explo-
sion occurs following vessel breach

7. E-CF-#42: Evem E-CF quesions wheth-
er containment faillure ocours at, or shortly af-
ter, vessel breach

8 SIRY - #43: Event SPRY questions the
availability of containment sprays following
vessel breach

A CCl- #5055 Event CCI questions wheth-
er there is either a prompt or delayed core-
concrete interaction (CCI) following vessel
breach

10, L-OP - #64: Event L-OP questions wheth-
er late overpressure containment failure
occurs

11. BMT - #68: Event BMT guestions whether
basemat melt-through occurs

To obtain the soned output file that contains the
branch structure information for the SCET, the
EVNTRE code 1s run using the LOCA APET as the
tree input file, with a binning iput file construcied to




sort the output on the above 11 questions. The
EVNTRE code mnitially had 10 be run in the point esti-
mate mode (mode 2), because the post-processors
needed 1o evaluate output from the sampling mode
were not available at the beginning of thas project. This
can be a fairly severe limitation, because the results of

a point estumate run can he drasucally different from
reselts obtained in the sampling mode. However, this
limitation was overcome 10 a degree, as will be ex-
plained shortly. The binning input file and the soned
output from the point estimate run for the LOCA PDS
will be presered first.

Zion LAXCA input Sinning File

Cl VR
CCl ~ WP BMT
Cl -Cl
11

1

Cl

il

/1

No-Cl

VB

23

/)

VB

23

1

No-VB

E~-SPRY noE-SPRY
24

]

E-SPRY

24

/1

noE-SPRY

FLD Dry
3l

|

Wet

3

/1

Dry

HPME No-HPME
as

|

PrE)

s

/1

nPrE)

EVSE nEVSE
40

1

EVSE

40

"

nEVSE

E-SPRY FLD

HPME EVSE B-CF SPRY

$ Pre-existing cont. leakage

$ Vessel breach

$ Eady sprays

$ Amount of water in cavity

$ High pressure melt ¢jection

$ Ex-vessel steam explosion




LS

SPRY

noSPRY

Zion LOCA Input Binning File (continued)

noE-CF

noSPRY

$ Early Cont. Failure

$ Sprays afier vessel breach

$ Core-concrete interaction

$ Late overpressure cont. failure

§ Basemat melt-through
v 10 11
EVSE E-CF  SPRY



1

ggaaaaaaaagaa

P d
A

iEZHZHHHH

vB E-SPRY Db HPME nEVSE nob-CF SPRY o
1AIIE- 08
VB E-SPRY AD HPME nEVSE nob-CF SPRY NoCC1
2 RAI6E-04 2 RA4AE-O4 28646E 02 2 REA6E-04 1.4323E-04
VB E-SPRY FLD No-HPMF EVSE ook CF SFRY o
1.1S98E-0%
vs E-SFRY D No-HPME EVSE nob-CF SPRY No"Cl
2.3196E-03 23196E-03 Z3196E-02 1.159%E-03
VB E-SPRY AD No-HPME nEVSE B-CF noSPRY ot nol - OF
36357605 316333608 3.6333E-05 316333508 163308
VB E-SPRY D No-HPME nEVSE nob-CF SPRY oCi ol -OP noBMT
20925E-03 2092SE-03 20925603
VB E-SPRY FLD No-HPME aEVSE nol-CF SPRY NoCOCE nel -OP noBMT
4.97I6E-03 4 68S7E-00 2.365SE-03 213292603 23292608 2IA74F - 23674E-04 2.3674E-04
Ve E-SPRY Dry No-HPME wEVSE BE-CF noSPRY o nol —O® noBMT
22624607 2.2624E-07 2268245657 2.2624E-07 22624507
VB E-SPRY Dry No-HPME nEVSE nobCF SPRY o nol-OP noBMT
4 9999E-03 4.9999E-01 2.8280E-05 2R8280E-0% 21328005 2 BOS4E-05 2 8OS4E-DS 2 8054E-1S 28054605 2 ROS4E-O5
No-VB E-SPRY FLD No-HPME nEVSE noE-CF SPRY NoCCl ol ~OP noBMT
73904508 7.3904E-0% 7 3904E-08 73904108 7390408 7 3904F.-08 TINME-O08 TIWMEL "
No-VB E-SPRY Dry No-HPME nEVSE nobsCF SPRY NeoCCl nol -OP mBMT
§ 40RRE-OR B 40RRE-O8 i 0184508 1 0IR4F-O8 1 DIRSE-OR 1.01R4E_08 | VIRIE-OR 1 0184F 08 L ] 1 DI1RSEOn
VB E-SPRPY AD HPME nEVSE nob-CF SPRY o nol -OP ’m
VB E-SPRY HPME nEVSE noE-CF SFRY o nol ~OF noBMT
28502E-02 2850202 2200202
VB B-SPRY HPME nEVSE nob-CF SPRY NoCCl nol -G noBMT
S.T00SE-02 S.700SE-02 5.700SE-02 S.7005E-02 2RS0ZE-O 2RSOZE-02 28502802
VB E-SPRY FLD No-HPME EVSE noE-CF SPRY o nol-OF BMT
6924VE-02
e E-SPRY ap No-HPME EVSE noE-CF SPRY o nol -OP noBMT
2 3080E-01 2. 30R0E-01 1.6156E-04
VR E-SPRY D No-HPME EVSE nob-CF SPRY NoCCT nol OP
46161E-01 4 6161E-01 46161E-m 2308 E-01 2308 1E-01 2.30R1E-0
VB E-SPRY FLD No- APME nEVSE E-CF o nol —OP noBMT
7.2302E-03 72302603 7.2302E-0% 72302603 72302603
VB E-SPRY FD No-APME nEVSE noE-CF SPRY o nol ~OP 'un
ve E-SPRY D No-HFME ~EVSE nof-CF SFRY oCl nol -OP noBMT
41680501 41680601 25003801
VB E-SPRY FLD No-HPME nEVSE noE-CF SPRY NoCCT nol -OP
9 8936E-G1 $.3235E-01 4 07IE-01 4.63S1E-01 4. 6351E-01 A0 47 IME-02 4ATINE-02
VB E-SPRY Dry No-HPME nEVSE E-CF noSPRY o nol ~OP noBMT
4.5021E-05 4 5021E-08 4 S021E-08 4 5021E-0% 4. 5021E-05
VB E-SPRY Dry No-HPME nEVSE nob-CF SPRY oa nol-OP aMT
VB E-SPRY No-HPME nEVSE oct nol 0P noBMT
9.9498E-01 9498E-01 S.62TTE-03 $.62T7E-13 S.62TTE-03 3.5827E-03 $.5827E-03 S.S827E-02 S.5827E-03 3.34965-03
No-VB —~— E-SPRY T No-HPME  =EVSE 5 . IR nol ~OP noBMT
1 4707E-08 1.470TE-DS 1 ,‘m 1 ATOTE-85 IATE-08 um 1 4707E-05
No-VB E-SPRY z T No-HPME ~~  nEVSE s S T meBMT
L6TI3E05  1L6T3IE-O05 zw 20.6TE-06 mu 2.026TE-0% 2026TE-06 W 2026TE-06



The SCET branching structure i1s obtained from thas
sored output by tracing lines through the output, stan-
ing at the lower left hand corner, with branches at each
point where the conditional probability changes. The
first several branches for the LOCA SCET have beer.
outlined in the soned output above 1o illustrate this
procedure. The split fraction at each branch is calcu-
lated by dividing the sequence fraction at the branch in
question by the fracuon at the preceding point in the
SCET. For larger SCETs with more top events upon
which to son the APET output, this procedure quickly
becomes unwieldy to perform by hand. To automate
the construction of the SCETS from the sorted output,
use was made of an inmerface code currently under
development by Science Applications International
Corporation (SAIC) called ET-LOAD ® This code
reads the sorted output file from EVNTRE and con-
structs the SCET using SAIC's ETA-1] event tree
code.” The branching structure and split fractions are
determined sutomatically by ET-LOAD. Note that the
sorted output indicates the irly contmnment sprays
are always available in the LOCA PDS. Therefore, in
order to furiner simplify he event tree, the column
headed by eveat E-SPRY was deleted

There is a further limitation in that the EVNTRE
code is set up 10 son upon at most (en questons. This
limitation was overcome by making a modification 10
the EVNTRE source code to allo*v use of up to 20 son
parameters, However, this same limitation also exists
in the version of ET-LOAD obtained from SAIC
Because the source code for ET-LOAD was un-
available, ihe allowed number of sornt parameters could
not be increased. Therefore, for larger SCETs, the
branchung structure and sphit fractions for the last few
questions had to be input by hand

2.1.2 Spiit Fraction Eveluation. As mentuoned
above, the point estimate split fractions are calculated
by dividing the sequence fraction at the branch in ques-
tion by the fraction at the preceding point in the SCET
However, because these split fractions were obtained
from a point estimate evaivation of the APET, the
SCET with these split fractions may not always

accurately model the APET results. An example of thus
type of problem is seein in the concitional probability
of early containment twlure anributable to dirvect con-
rnment heating (DCH). The point estimate evalua-
ton of the APET does not predict any failures of this
type. On the other hand, Reference 4 incbicates that the
conditional probability of DCH failure, given the
occurrence of the LOCA PDS, 1s ~1.7 x 10" Because
the post-processors needed to extract a composite
soned output from an APET evaluated in the sampling
mode were not indtially available, a method was devel-
oped to reduce the impact of having 10 sort the APET
in the point estimate mode. The key to this method 18
the use of 1™ FVNTRE frequen -y output file gener-
ated from a sampling mode evaluation of the APET,
This file, as discussed in Reference S, provides the
realized split fractions for each question in the APET.
A particular split fraction in thus file is actually the
conditional probabiltty of taking that particu’ar branch
of the APET. By referring 10 the appropriate question
in the APET, the conditional probability of DCH fail-
ure, vessel breach, basemat meli-through (BMT). and
other parameters of interest can be determined. The
frequency output file for the base case LOCA PDS is
shown in Appendix B.

Figure 2.1 shows the LOCA SCET obtaned from
the point estimate run. Similarly, Figure 2.2 shows the
fiical base case LOCA SCET obtained by modifying
the SCET in Figure 2.1 10 obtain agreement with the
sampled frequency output

2.1.3 Binning of SCET End States The next
step in the analysis is to map the end states of the SCET
into the set of acadent progression bins defined in
Reference 4. Thas mapping is required in using the
ZISOR code to generate source terms for the con-
sequence calculations. Binning the SCET end states is
a two-step process. First, an £€VNTRE input file must
be created 10 describe the SCET. This file is analogous
10 the APET file listed in Appendix A but it describes
the SCET instead of the 72-question APET. The file
that describes the LOCA SCET 1s listed as follows

Zion Simplified Containment Event Tree (SCET)

10
NQ
1 1.000
LOCA
1 Is there pre-existing containment leakage”
2 CL neCL
] 1 2

0.008 0.608




Zion Simplified Containmen? Event Tree (SCET) (continved)

2 Does the weactor pressure vessel fail?
2 VB ncVh
i | 2
0.9999832  V.00Q0168
3 Is the reactor cavity floaded”
2 FLD nofF.D
2 ] 2
2
1 2
|
VB
0.9943 0.0087
therwise
0.879 0.121
4 Dues HPME occur at vessel failure?
2 HPME  noHPME
2 i 2
2
2 2 3
i i)
VB FLD
5.80E-02 9.42E-0I
Otherwise
0.000 1.000
5 Does a large ex~vessel steamn explosion occur?
2 EVSE noEVSE
2 1 2
2
3 2 3 4
1 .1 .2
VB FLD noHPME
4.95E-0] 5.05E-01
Otherwise
0.000 1.000
6 Does early containment failure occur?
2 F noE-CF
2 ] 2
4
5 1 2 3
2 Ll | B
noCL VB FLD
2.50E-02 9.75E-01
4 2 3 4
| + Y, » 2
VB FLD noHPME
1.50E-02 9.85E-01
2 2 3
1 " e
VB noFLD
8.00E-03  9.92E-01
Otherwise
0.000 1.000

5
v 2
noEVSE




Zion Simplified Containment Event Trez (SCET) (continued)

7 Sprays afier vessel breach?

2 SPRY noSPRY
2 | 2
2
2 4 6
2 s |
noHPME E-CF
0.600 1.000
Otherwise
1.000 0.000
8 Does core—concrete interaction occur?
2 cCl noCCl
2 1 2
S
| 4
1
HPME
5.00E-01 5.00E-01
| 5
1
EVSE
5.00E-0! 5.60E-01
5 2 3 4 h) 6
1 IR | ¢ 2 §. 2 .3
VB FLD noHPME noEVSE noE-CF
8.98E-01 1.02E-01
b 1
; 2
noVB
0.0600 1.000
Otherwise
1.000 0.000
9 Does late containment overpressure failure occur?
2 L-OP nol-0OP
2 1 2
1 6 8
2 ° 2 »q
noCL noE~C CCl
G 4 9991E-0)
e
1.000
* =at melt-through occur?
T noBMT
] 2
1 2 4 6 ¥ 9
2 ® i . * 2 . Q SR
noCL VB HPME noE~CF CCl nol~OP
2.0E-01 8.0E-01
7 1 2 4 5 6 X 9
2 o SO L8 A B | B0 .
noCL VB noHPME EVSE noE~CF CCl  nol~OP
3.0E-01 7.0E-01
. | 2 4 5 6 ¥ 9
2 gl 2 9 2 ®: 3 , SEHY
noCL VB noHPME noEVSE noE~CF CCl  nol-OP
4 0E-01 6.0E-01
Otherwise
0.000 1.000
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Figure 2.2. Base case LOCA SCET
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The second step is 10 construct 4 binning file that
assigns each end state of the SCET 10 one of the acci-
dent progression bins defined in Reference 4. This file
will serve as the input binning file for evaluating the
SCET file above using the EVNTRE code. This is ex-
actly analogous 10 what was done initially with the full
APET. The only difference is that now the SCET is
being evaluated. Reference 4 uses 1 2-dimensional
character vectors 1o identify the Zion accident progres-
sion bins. Each of the 12 components of the vector

represents a charactenistic of the sequence that may
affect the source term (see Table 2.4-1 in Reference 4
for a description of these characters). The file used 10
assign these character vectors 1o the end states of ihe
LOCA APET in Reference 4 is shown in Appendix C.
Listed below is the analogous binning file deveioped
for the LOCA SCET. The guestion numbers in this file
refer o the questions in the SCET, with the questions
numbered consecutively from left to right, starting
with question 1.

Zson SCET Binning - 12 Characteristics

12 CF-Time Sprays CCl RCS-Pres VB-Mode SGTR  Ami-CCl Zs-Ox HPME CR-Size

RCS-Hole CD-Time
17 TABCDEBPrO
- e e Keng |
1 N
Even: V, not submerged
541
1 N
Event V, submerged
31 @
by |
CF before VB
6
1
CFat VB
9
1
L-Op
10
1
BMT
T4 8590
2 8383
SGTR or NoCF
ABCDEFGOGH
-
2
ESp only
2450
1 /N
ESp & ImSp only
i

$

1 /i
ESp, ImSp, & LSp only
7

1

Sprays always available
G

1/l

LSp only

Char. 1, Cont. Failure Time

C

$ A Not Applicable

$ B Not Applicable

Early-CF

CF-21-VB

VLate-CF

Final-CF

No-CF

Char. 2, Spray Status
A Early sprays only; sprays fail at vessel v *.ch.

Not Applicable

Not Applicable

Not Applicable
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Zion SCET Binvaug - 12 Characteristics (continued)

. |
1/

LSp & VLSp only
) A

1/

VLSp only

§ 9

1 A

No spruys

A B CDEF
3 8

2

PrptDry

11

1/

Prmpt CCI in shallow pool
8

"

-

No CCli

2 'S

el G

Prnpt CCI in wet cavity
SR

1 7

Short delay CCl-cavity not replenished
3.8

(gt B0

LDlyd-Dry

B C D

WP

ystem setpoint pressure
1
/1
{igh Pressure

P —

0D

4
|
ntermediate

et 4

LOW pressure
B CDEBRBEF

4
2
P

E

—_ Y- 5D
N

6
9 9
P4

Gravaty pour

o

) |

Gross failure of bottom head

$

w

o

o

o

o

F  Not Applicable

G Not Applicable

H Not Applicible

Char. 3, CCl
A Pmpt CClin dry cavity

B Not Applicable

D

E Not Applicable

F CCl occurs after a long delay; cavity not replenished.

Char. 4, RCS Pressure before VB
A

B Not Applicable

D

Char. 5, Mode of VB
A

C Not Applicable

13
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Zion SCET Binning - 12 Charstteristics (continued)

4 6
¥4
Alpha mode
8
1 /N
Rocket failure

2
2
No
A C

:_wé

1

|

SGTR wino SORVs
| |

) |

SGTR w/ SORVs
=4

P+ 2

No SGTR

A B CD

4 B 4

1 1 +(2

5 6 B

- S5 BE
70--100% of core in CCl

5 6

) |

)
S 8 4

1 1 +(2 )
30-70% of core in CCI

| 1

)48

0-30% of core in CCI

¥

v |
-

No CCl

A B

N

S

Low Zr oxidation in—-vessel
18

14 2

Hi Zr oxidation in-vessel
A B CD

4

1

>40% of core

| i

R )

Moderate fraction (20-40%)
1 |

, S |

Low fraction ( <20% )
4

)

No HPME

¥ o

¥

o o

D

E Not Applicable

Char. 6, SGTR
A Not Applicable

B Not Applicable

C SGTR never cccurs for LOCA PDS

Char. 7, Amt. of core in OCI
A

C Not Applicable
D

1

Char. 8, Zr oxidation
A Not Applicable

Char. 9, HPME
A

B Not Applicable

C Not Applicable

D
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Zion SCET Binning - 12 Characteristics (continued)

L
—

L
L

L
—
-—
—
LB

1 N

1+ 2
Late CD

Comparing this file to the APET binning file in
Appendix C, it is clear that not all of the characters
could be used. The reason for this is that some details
of the accident progression are unavoidably lost in the
transition from the full 72-question APET to the
decidedly smaller SCET (the mapping of end states to
accident progression bins is into rather than onto).
Examples where a reduction sometimes had to be
made in the number of characters used to describe a
vector dimension are the time of core damage, the
number of holes in the reactor coolant system (RCS),
the amount of zirconium oxidized in-vessel, and the

$ Char 10, Type of cont. failure

A Not Applicable

D Not Applicable

F  Not Applicable

G

Char. 11, No. of holes in RCS
A Not Applicable

Char. 12, Time of core damage
A Not Applicable

15

amount of CCI. Wherever possible in these cases,
characters were eliminated based on their conditional
probability of occurrence in the sampled frequency

output file.

Once the binning file is constructed, the EVNTRE
code is run, with the file describing the SCET as input,
along with the binning file needed to assign character
vectors to the SCET end states. The result of this is an
output file that lists each accident progression bin
(identified by a urique 12-dimensional character
vector) and its conditional probability of occurrence.



This file forms the input for the ZISOR source term
caleulation. The ZISOR base case LOCA input file 1s
shown as follows.

SCET LOCA Accident Progression Bins

Conditional Probability Vector
2.8272E-05 CDADBCABDCBB
8 4000E-08 CDCAFCDBDCBB
1 4417E-04 CDCCACDBACBB
1.3967E-03 CDCDBCDEDCBB
1.4417E-04 CDDCACABACBB
2.0919E-03 CDDDBCABDCBB
1.1591E-03 CDDDBCBBDCEB
4 5599E-05 DAADDCBBDBBB
7.0949E-03 DAFDDCBBDBBB
7.1725E-04 DDCCACDBACBB
7.1725E-04 DDDCACABACBB
5 0634E-06 EDADBCABDCBB
2.5176E-05 EDDCACABACEB
3.7465E~04 EDDDBCABDCBB
2.0759E-04 EDDDBCBBDCBB
2.2484E-03 FDADBCABDEBB
5.5895E-03 FDDCACABAEBB
1.6636E-01 FDDDBCABDEBB
6.9134E-02 FDDDBCBBDEBB
3.3726E-03 GDADBCABDGBB
1.6716E~05 GDCAFCDBDGBB
2.7973B~02 GDCCACDBAGBB
2 7794E-01 GDCDBCDBDGBB
2.2358E-02 GDDCACABAGBB
2495401 GDDDBCABDGBB
1.6131E-01 GDDDBCBBDGBB

A description for the first of these vectors,
CDADBCABDCBB, is provided hyre for reference.
Further discussion can be found in Reference 4.

Vector Character Description

C Containment failure before vessel
breach

D Containment sprays available
throughout sequence

A Prompt core-concrete interaction
occurs in dry reactor cavity

D RCS pressure low (<200 psig) at
time of vessel failure

B Gravity pour of debns from failed
reactor vessel

g No SGTR

Vector Character Description

A 70-100% of core participates in
core-concrele interaction

b Large amount of zirconium oxida-
tion occurs in-vessel

D No high pressure melt eject.on
from the failed reactor vessel

C Containinent rupture

B Two holes in the RCS

B Core damage occurs late.

The end state binning process was enbanced near the
end of the project when the PSTEVNT post--processor
code became available * The use of this code to auto-
matically map the end states of the SCET into ZISCR
accident progression bins is described in Section 4.

2.2 Source Term Generation

A source term was calculated for each SCET acci-
dent progression bin using the ZISOR parametric
source term generation code 4 As mentioned earlier, the
input to this code is the file listing the accident pro-
gression bins and their conditional probabilities of
occurrence (these probabilities are not actually used in
the ZISOR code). As in the previons case of EVNTRE,
only point estimates of the source terms could be
obtained trom ZISOR, since the necessary post-

- processor (the PARTITION code)” was not available.

This limitation is discussed further in the paragraphs
which follow.

Figures 3.5-1 through 3.5-4 in Reference 4 show a
comparison of the ZISOR results with those from the
Source Term Code Package (STCP) for four accident
sequences. As these figures illustrate, the point estimate
isotopic release fractions calculated by ZISOR can dif-
fer markedly from the mean release fractions deter-
mined with ZISOR when using a Latin Hypercube
Sampling (LHS) routine. In most cases, the point esti-
mate is lower than the sampling mean, sometimes by
several orders of magnitude. Because of this, the condi-
tional consequences calculated with the MACCS code,
using point estimate inputs from ZISOR, tend to be
lower than the consequence results published in
Reference 4. This is an inescapable problem, though not
a severe one, that should be recognized when com-
paring the CPI results in this report to the Zion results
published in the June 1989 draft of NUREG-1150.



For each accident progression bin, ZISOR calcu- Row 2/3: 1) Energy .clease rate of first/second

lares the charactenistics of the release and the isotopic plumz in watts.
release fractions for each of the two allowable release 2) rraction of Xe and Kr released in the
plumes The ZISOR ou:put for the LOCA SCET acci- first/second plume.
dent progression bin< is shown below. Fotlowing each . 3) Fraction of iodine released in the first/
12-dimens;ow character vector are three rows of second plume.
numbers, which represent the characteristics of the 4) Fraction of cesiur i released in th* “Srst/
release. The meaning of each of these numbers (from second plume. '
left 1o nght by row) is listed here for easy reference. 5) Fraction of tellurium released in the
first/second plume.
6) Fraction of strontium released in the
Row 11 1) Warming time in seconds; usually the first/second plume.
time of core collapse. 7) Fraction of ruthenium released in the
2) Time of beginning of early release in first/second plume.
seconds. &) Fraction of lanthanum released in the
3) Duration of early release in seconds. first/second plume.
4) Time of beginning of late release in 9) Fraction of cerium released in the first/
seconds. second plume.
5) Duration of late release in seconds. 10) Fraction of barium released in the first/
6) Elevatiot of the release in meters. second plume,

ZISOR Point Estimate Results for SCET LOCA Accident Progression Bins

| CDADBCABDCBB

| AG0E+O4 | BOOE+O4 1 800E403  1.980E+04  ©.600E+04  1.000E+0!

LIIES  1LO00F+00 B653E-03 8¢ 3E-03 6972E-03 1OOIE-03  7.7008-09 7.700E~10  7.700E~10 1.001E-03
1 60GE+06  D.OG0E+00  0000E+00  0000E+00  2.132E-04  IB6IE-04 4017608  2.180E-06  2.180E-06 3.864E-04
| CDCAFCDBDCBB

L AG0E+  LBOOE+Od  LBOOE+03 | 980E+04  3.600E+04  1.00CE+O]

LAESD LO00E+00  [LI88E-03  YG00E-O4  6300BE-04  7.150E-05 SO000E-10 S5000E-11  S.000E-11 7.150B-05
1L600E+U0  O.000E+00  0.000E+00  0.000E+00 0000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00 0.000E+00
1 CDCCACDBACEB

LAAOE+4 1 BOOE+04 | BOOE+03 1 980E+04  1600E+04 1 000E+0|

LAHIES0S  LOO0E+00  4.950E-03  4950E-03 | 680E~-04 4420604 3400E-(9 JA00E-10  3.400E-10 4.420E-04
L 600E+06  0.000E+00  0.000E+00  0.000E+00  G.O00E+00  0.000E+00 0.000E+00  0.000E+00  0.000E+00 0.000E+00
1 COCDBCDBDCEEB

LAAOESd | BOOE+O4  1.BOOK40S 1 980E+04  3.600E+04  1OOOE+O!

IIIE40S  1000E+00 8613E-03  B613E-0)  6972B-03  LOOIEO3  7.700B-09 7700E-10  7.700E-10 1.001E-03
L600E406  0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00 0.000E+00
| CDDCACABACHEB

LAGOE+(M  |LBOOESO4 | B00E+03  1.980E+04  3.600E+04  1.D00E+O]

SUEH05  LOOOE+00  d4974E-03  4974E-01  1.680E-04 dA20E-04 J400E-09 I400E~10  3.400B~10 4420E-04
1 600E+06  D.000E+00  0.000E+00  0000E4+00  1283E-04  2326E4d 2431E-08 1313B-06 1313B-06 2.326E-0d4
| CDDDBCABDCBB

1A40E+04 L BUOE+O4 | B00E+0) | 980E+04  3.600E+04  1.OOOE+O1

LI1IE40S  LO0OE+00  8.6530-03  B.653E~-03 €972E-03 1.001E-03 7700B-09 7.700E~10 7.700E-10 1.001E-03
| 600E+06  D.000E+00  0.000F+00 D.000E400 2.1326-04 3864E-04 4.0)705-08  2.180E-06  2.180BE-06 3.B64E-O4
| CODLBCBBDCBB

L 440E+04 | BO0F+04 | BOOE+0Y 1 9B0E+4  3600E+04 | OGOE4O)

TIHES03  LOOOE+00  B63TE-03  8.637E-03 6972E-03 1.001E-03 7.700E-~09 7.700E-10 7.700E-~10 1.001E-03
L600E+06  0.000E+00  0.000E+00  0.000E400 1.254E-04 2273E-04 2.375E-08 1 282E-06  1.282B-06 2273E-04
| DAADDCBBDBBE

LA40E+04  LROOE+O4  9.000E+02 | 890E+4  3.600E+04  1.000E+0]

62226405  1.000E+00  1.735E-02 1.73SE-02 1.239E-02 1.780E-0)  1369E-08 1.369E-09 1.369E-09 1.780E-03
LOOOE+06  0.000E+00  0.000E+00  0.000E+00 1 078E-02  1.955E-02 2.042E-06 110JE-04 1L I103E-04 1.955E-02
| DAFDDCBBDBBB

LAOE+O | S00E+(d 90006402 | B90E+04  3.600E+04  1.O00E+0!

62226405 1. 000E4+00  1531E-02 1.53iE-02 123902 1.780E-03  1.369E-08 1.369E-09  1.369E-09 1.780E-0)
L600E+06  O.000E+00 2.0426-03 2042E-03 1078E-02 1955E-02 2.042B-06 1.10JE~-04 | 103E-04  1.955E-02
i DDCCACDBACBB

LA4OE+O4 | B00E+04 | BOOE+03 | 980E+04  3.600E+04 1 .000E+O]

3IUE408  1LOODE+00  1LI0OE-0Y  1.100E-03 3.733E-05 9.822E-05 7.556E-10 7.556E~11  7.556E~11 9.822E-05
L600E+06  0.000E400 00005400  0000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00 0.000E+00
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ZISOR Point Estimate Results for SCET LOCA Accident Progression Bins (continued)

| DDDCACABACBB

14404 | ROOE+08
LIHE40S L OE«00
16OOE+06 0000800
I EDADBCABDCHR

1A40E+(4 43200 +04
1.944E+(4 0 QODE+G0
1944E+08 | SODE00
| EDDCACABACHEB

| A40E+04 4. 320E+04
1 944E 8 0.000E+00
1.944E 05 1 00OE«00
| EDDDBCABDCHE

1 A40Es(4 4 320E 04
| S6d4E+(d  0.000E 00
1.944E 405 | DOOE+0D
| EDDDBCBBRDCER

1 A40E 4 4. 320E+04
1 944+ 0.000E+00
1.944E405 1L OOOE«00
I FDADBCABDEBRE

1.440E+04 B 64004
Q000E«00 0. 000FA00
0000E+00  5.0008-0)
| FDDCACABAEBB

1 AQOE+(M 5. 6800+04
0000E+00 0.0008+00
0000 +00 S 000E-00
| FDDDBCABDERR

| A40E+(0 8 640F o4
0.000E+00  0.000FE+00
0.000E+00 5000803
I FDDDBCBBDEBRB

| A40E (M R.640E 04
0G00E+00  0.CO0E+00
000000  S000E-0)
I GDADBCABDGBB

12506408 3.650E+02
LI00E+06 0.0008+00
L700E+0S  5.000E-0)
| GDCAFCDBDGRR

1.250F + M) 1AS0EA03
1L700E+06 0.000E+00
1LTOOE 05 S.000E-02
I GDCCACDBAGBB

12508401 3.6508+01
1700E4+06  0.000E+00
1LT00E+0S  S.000E-0)
| GDCDBCDBDGBB

LASOE+O3 1 650E+0)
1.700E+06 0.000E+00
LTOOE+0S  S.000E-0)
I GDDCACABAGEB

1250E+00 1A%EL0N
A700E+06 000000
LTOOE+0S  SO00E-0)
| GDDDBCABDGBB

1.250E+0)  3.650E+01
5.700E+06  0.000E «00
1 TOOE+05  S000E-02
! GDDDBCRBRBDGBB

1.250E+03 3 650E+00
LIOOE+G6  0.000E+00
LTOOE+OS  5.000E-01

1LROOE <02
LAME-0)
0.000F +00

1 BOOE+03
0.000E+00
1 969E.-06

1 BOOE+02
0.000E+00
1 158E-06

1 ROOE+02
0.000" 400
1 969E-06

| SO0E-03
0.000E +00
1 S7IE-06

| 800E+0)
0.000F +00
I S E-O0

| BOOE 401
0.000k +00
1 HI6E-00

| . BOOE+03
0.000E+00
194 1E-09

1 R00E+03
O.000E +00
I 930E-0

1 800F +01
0.000F +00
I IE00

1 RBOOE+01
0.000E+00
2.640E~10

| 800E+01
0.000E+00
1 100E-09

1 .80OE +03
0.000E +00
1 914E-09

1 800E+03
0.000E+00
1. 116E-09

1.BOOE+0)
0.000E +00
1941 E-08

1 8300E+03
C.000E+00
1 930E-08

1 SBOE+04
1.124B-01
0.000F +00

4. 500E+04
0000 +00
1.969E-06

4 S00F 404
0.DCOE+0N
1.1S8E-06

4 500F +04
0.000E +(0
1. 969E-06

4 5008 +04
0.000F +00
| STAE-06

8 8208 +04
0.000E+00
| 94 1E00

8 K20E+04
0.000F +00
1.116E-09

B R 20E+04
0.000F +00
1 M TE-09

BR20E + 4
0.000E 400
| 930E-09

LO2SE s
0.000F 400
1 94 |E-09

1O2SE+04
00008 +00
2200810

LO2SE+D4
0.000F +00
1 100E-09

| N2SE +lu
0.000E+00
1 9 4E-00

1 D25SE+04
0.000E +00
1L116E-089

1 O25E+04
0.000E +00
1 94 1E-09

1LO2SE+04
0.000E+00
1 930E-09

1600E +(4
1733608
1 28304

A KCOE +04
0.000F +00
2140801

1600E oM
0.600E +00
128404

AH00F +04
O.000E +00
2. 140604

1E00F +(4
0.000F +00
1.262E-04

1.600E+04
0.000F +00
1 69 1E-09

1600L «04
0.000F +00
1.229E-10

A.600F +04
0.000F +00
1.691E-00

1600E +04
0 0O0OE +00
1.633E-090

21608404
00008400
1.691E-08

2. 160F 404
0.000F +00
| 400E~10

2160E +04
0.000F +(0
A73IE-11

2. 160E+04
0.000F +00
1.549E-09

2 160E 04
0 0008 +00
1.229E-10

2. 160E 404
0.000F +00
1.6V I E-09

21608 404
0000 +00
1 613E-09

1 DO0E 0]
9 E22E-05
2.326E-04

1LO00E 01
0,660 + 00
8 .890E-06

1 O00E+0)
0.000F +00
SA3RE-06

1 O0OE +01
0.000E +00
§ ROOE-06

1 DOOE +0)
0.000E+00
5.283E-06

0.000F +(0
0.000F +00
4 ROOE-10

0.000E +00
0.000F +00
2533E-10

0.000E +00
0.000F +00
4 800E-10

0 000F + 00
0000k +00
1. 740E-10

00008 +00
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4 ROOE--10

0.0008 «00
0.000F+00
1.589E-11

0.000E+00
0.000E+00
9.822E-1)

0.000F +00
0.0008+00
2.224E-10

0.000E +00
0.000E+00
2.533E~10

0.000F +00
0.000F +00
4 R00E-10

0.000F +00
0.000F +00
1.740E-10

7.5565-10
2431008

0.000F 00
408008

0.000F +00
240 B

00008 00
4. (MOKE-OR

00000 +00
2.A7SE-08

0.000E+00
2863514

0.000F +00
| 696114

0.000F +00
2.863E- 14

0.000F +00
1.758E- 14

00008 +00
LR6VE- 14

00008 +00
LITTE-16

OMOE00
7 556E~16

0.000F+00
L71IE-15

0.0008+00
1696~ 14

00001 +00
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0.0008 +00
1.754E- 14
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1 313E-06

G000 +00
4 O55E-08

O000E 00
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0.000F +00
4 955E-08

0.000E+00
2.915E-08
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0.000F +00
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0.000E4+00
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0.000E+00
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0.000E+00
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0.000E+00
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0.000E+00
B ROOE-06

0.000F +00
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0.000F +00
£ ROOE-06

0.000F )
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4 800E-10

0.000E+00
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0.000E +00
4 800E--10

0.000F 400
1. 740E-10

0.000E 400
4 800E-10

0.000F+00
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0 000 +00
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1. 740E-10




2.2 Consequence Calculations

A PC-based version of the MACCS code'® was
used to calculate conditional offsite consequences for
the source terms generated by ZISOR. In order to limit
the computer tane required for the consequence analy-
sis 1o approximately 12 hours for each PDS, accident
progression bins with similar source terms were
grouped together before running MACCS

The MACCS code is composed of three modules
ATMOS, EARLY, and CHRONC, which are exercised
.2 sequence. This set of modules has been developed
for the purpose of evaluating the severe accident con-
sequences at commercial LWR power plants. MACCS
1.5.11 incorporates several improvements over earlier
versions of MACCS and codes like CRAC2 in the
treatment of vanable and long-term releases, deposi-
tion modeling, dosimetry, emergency response, long-
term mitigative actions, radiological health effects,
and economic impacts

ATMOS treats the atmospheric transport and de-
position of material. EARLY models the effecis on the
surrounding area during the emergency action period,
which can be up to one week in length, CHRONC mod-
els the effects of the accident in the time following the
end of the emergency action penod. Atmosphernic trans
port is modeled in ATMOS using a straight line
Gaussian treatment of the plume. Plume depletion oc-
curs during transport as a result of radioactive decay and
deposition onto the ground. Wet and dry deposition are
treated as independent processes in ATMOS. The same
initial seed was used to generate the pseudorandom
weather sampling for all of the MACCS calculations
performed for this analysis. Thus, the weather patiem
imposed by MACCS is the same for each release

As mentioned earlier, five offsite consequences are
used as risk measures in this report: (1) the mean num-
ber of early fataluies, (2) the meun number of latent fa-
talities, (3 and 4) the mean population dose over 50 and
1000 miles, and (5 ) the mean offsite costs. Each of these
risk measures is reported per reactor-year of operation
as calculated using Equation 1.1. The conditional con-
scquences calculnted by MACCS form one of the inputs
to this equation. The actual calculaton is done with a
PC-based spreadsheet, using Lotus 1-2-3 software. '!

2.4 Evaluation of Potential
Contalinment improvements

There remain two goals of the CPl program that
affected the way in which potential containment
improvements were evaluated. The first is simplicity:
the SCET for each PDS should be small enough to
allow the reader to visualize each path through the tree
and 10 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
SCET analysis be as close as possible 0 the published
draft NUREG-1150 results. The purpose for the first
goal is clear enough The purpose of the second is to
lend a measure of credibility to the CPI analysis, since
it is by nature a “simplified” evaluation of a very com-
plex and uncertain problem. However, difficulties can
arise in trying to meaet both of these goals simul-
taneously. One such problem, the limitations of point
estimate calculations of source terms, has already been
discussed. Another closely related problem arises
when attempting to determine the risk benefit of a
potential containment improvement,

As an example, the authors considered the sug-
gestion of intentional operator depressurization of the
reactor to prevent DCH. Because this issue is
examined more thoroughly in a later section of the
report, it will only be briefly summarized here. The
simple approach in evaluating this issue would be to
merely eliminate high pressure melt ejection from the
SCET by setting the conditional probability of the
lower branch of event HPME to 1.0 for all cases. By
doing this, vessel failure at other than low pressure is
eliminated and early containment failure as a result of
DCH is eliminated. The conditional probability of
early containment failure from in—-vessel steam ex-
plosion (a mode failure) increases, because o mode
failure i« judged by most experts to be more likely at
low vessel pressure. However, the complete elimina-
tuon of DCH by depressunzation through the pres-
surizer pilot-operated relief valves (PORVs) is
generally not predicted by the Zion APET constructed
for the draft NUREG-1150 analysis. The reason fos
this is that opening the PORVs to depressurize the
reactor vessel does not always reduce the vessel pres-
sure sufficiently to prevent DCH. There must also be
an accompanying break in the reactor coclant system
(RCS) equivalent in size to a medium LOCA
(S2 break), such as an $2 initiating event or induced
failure of the pressurizer surge line. Another result pre-
dicted by the APET is that induced steam generaior




tube rupture (SGTR) 1s eliminated by operator depres-
surization. In addition, opening the PORVs can sig-
nificantly affect the conditional probability of vessel
breach for some PDS groups.

The first means of coping with discrepancies
between the SCET results and those predicted by the
APET is once again the frequency output file showing
the realized split fractions for each event in ihe APET,
which is obtained by evaluating the APET in the
sampling mode. For operator depressurization,
Question 16 in the Zion APET was modified as fol-
lows (refer 1o Appendix A for the base case APET).
First, the split fraction for this event was changed to
allow a constant conditional probability of 1.0 for
aepressurnization. Secondly, the sampling input file
was modified so that Question 16 was not sampled
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(refer t. Reference 5 for the details of how to modify
the sampling input file). Thus modification was neces-
gary 1o prevent the sampling routine from overniding
the split fraction specified in the APET. The modified
APET was then evaluated with EVNTRE in the sam-
pling mode (mode 3). The frequency output file gen-
erated by this evaluation was then used 1o adjust the
split fractions in the SCET so that the results matched
those from the APET evaluation as closely as possible.
For example, in the LOCA PDS, the APET evaluation
predicted that depressunzation dunng core melt would
elimnate induced SGTR. The split fraction for event
SGTR i the SCET used to evaluate vessel depressuri-
zation was appropriately modified to reflect this.
When the ?STEVNT post-processor code® became
available, it provided a second, more automated,
approach for handling this problem. The use of
PSTEVNT is discussed further in Section 4.



3. LOSS-OF-COOLANT ACCIDENTS

The LOCA PDS group at Zion is generally charac-
terized by a loss of RCS integrity pnior o the time of
core uncovery ¢ However. two sequences initiated by
a station blackoui (SBO) are included in the SBO PDS
even though they lead to induced failure of the reactor
coolant pump (RCP) seals. Not all of the breaks
depressurize the RCS enough 10 allow the low pressure
injection system (LPIS) to inject. Therefore, some
LOCA sequences will involve vessel failure at a pres-
sure above the shutoff head of the LPIS pumps unless
a temperature-induced break of the RCS occurs or the

RCS is intentionally depressurized.
3.1 LOCA Core Damage
Frequency

For this analysis, we have used the LOCA core dam-

age frequency of 2.6 x 10 per reactor-year reponied
in Table 2.2-3 of Reference 4.

3.2 LOCA SCET Results

The base case LOCA SCET is shown in Figure 3.1.
This SCET was constructed using the methodology
outlined in Section 2. Tabie 3.1 shows the containment
failure probabilities, conditional on the occurrence of
th: LOCA PDS, calculated from this SCET and com-
pares them with the probabilities from Reference 4.

As this table shows, the conditional containment
failure probabilities predicied by the SCET agree quite
well with the pubiished Zion results. Note that the
most probable end states of the SCET involve either no
containment failure or basemat melt-through (BMT).
The conditional probability of early containment fail-
ure (at or near ihe ume of reactor vessel breach) is low,
with the majority of early fatlures caused by a mode
steam explosions.

3.3 Base Case LOCA
Consequence Results

The SCET end states were binned into accident pro-
gression bins and the ZISOR code was used to gener-
ate source terms for these bins as described in
Section 2. The ZISOR source terms were then further
binned in order to reduce the required number of
MACCS calculaticns. Conditional consequences were
then obtained for each accident progression bin group
using the MACCS code. The Zion site data and
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meteorological files were used for these calculations.
The conditional consequences for each accident pro-
gression bin are shown in Table 3.2.

These conditional consequences are now used in
Equation 1.1 10 obtain the annual LOCA risk for Zion.
Table 2.3 compares the calculated annual risk from the
SCETs with the published values in Reference 4.

As shown in Table 3.3, the risk calculated from the
SCET is significantly less than that obtained in
Reference 4. Recall, however, that the conditional con-
tainment failure probabilities from the SCET do not
differ greatly from the published values. Therefore, the
reason(s) for the difference lie in one or more of the
following areas. First, there could be a loss of infor-
mation in binning the SCET end states into accident
progression bins. Secoudly, ZISOR could be under-
estimating the source terms. Finally, a later revision of
the MACCS code was used for this report which
differed from that used for Reference 4. This dispanty
could possibly lead to lower values for the chosen risk
measures. Each of these possible causes is examined
below.

The possibility that crucial source term informaton
was lost in the binning process was examined by per-
forming sensitivity studies on the cases where a choice
had to be made from among allowed vaiues of the bin-
ning parameters. This choice eliminated some of the
parameters used in Reference 4. An example would be
the time of core damage (dimension 12). In the
Reference 4 binning scheme, this dimension had two
allowable parameter values: early or late core damage
(A or B, respectively). Since the SCET does not mode!
the time of core damage, a choice had to be made
between these two allowed values for this report. The
decision was made to assign all end states a value of B
in dimension 12 in the vector describing the accident
progression bin. In the sensitivity study for this case,
the opposite choice was made; all end states were
binned with a value of A in dimension 12. The differ-
ence in binning for this case, as well as the others that
were run, was found to have little or no effect on the
annual LOCA risk. Thus, the limitations of the SCET
binning scheme do not appear to significantly inflo-
ence the annual risk for the LOCA PDS.

The next possibility is that ZISOR could be under-
estimating the source term for the dominant accident
progression bins. As discussed in Section 2.2, only
point esumates of the source terms could be obtained
from ZISOR. This leads to the use of source terms that
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Table 3.1. Conditional containment failure probabilities for the LOCA PDS

v

Containment Conditional Probability Conditional Probability
_Failure Mode ——SCET) o Reference 4)
No containment 7.43E-01 737801
failure
DCH 1. 43E-03 1L.71E-03
a mode 7.15E-03 8.15E-03
Bypass® 4 97E-03 S.00E-03
Late overpressure 6.13E-(4 8.78E-(4
BMT 2.43E-01 2.46E-01

a.  Bypass failures involve pre-existing leakage

Teble 3.2. Conditional consequences for the LOCA accident progression bins

Accident Mean S0-Mile  Mean 1000-Mile  Mean Offsite
Progression Mean Early Mean Latent Dose Dose Costs
I N Fawliies ~ _Fatalities  (peson-rem)  (person-rem) ()

CDADBCABDCBB LIE+(X 6.0E+02 1.7E+06 3. 51E+06 6.3E+08
CDCAFCDBDCBB 6.3E-01 1.2E+02 3.9E+05 6.63E+05 6.2E+07
CDCCACDBACBB 7.3E-01 4.0E+02 1.1E+06 2.31E+06 3.1E+08
CDCDBCDBDCBB 1.1E+00 6.0E102 1.7E+06 3.51F+06 6 3E+08
CDDCACABACEB 7.3E-01 4.0E+02 L1E+06 231E+06 3.1E+08
CDDDBCABDCRB 1.1E+00 6.0E+02 1.7E+06 3.51E+06 6.3E+08
CDDDBCBBDCBB 1.1E+00 6.0E+02 1. 7TE+06 3.51E+06 6.3E+08
DAADDCBBDBBEB 1 4E+00 1.4E+03 3.6E+06 9.09E+06 3ZE+9
DAFDDCBBDBBB 1L4E+00 1.5E+03 3.7E+06 9.28E+06 3.1E+09
DDCCACDBACBB 6.2E-01 1.4E+402 4 3E+05 7.77E+05 8.0E+07
DDDCACABACBB 6.2E~01 1. 4E+(02 4 3E+05 7.77E+05 §.0E+07
EDADBCABDCEB 0.0E+00 3.1E+00 1 OE+04 1.91E+04 2.9E+05
EDDCACABACBB 0.0E+00 JAE+00 1.0E+04 1.91E+04 2.9E+(S
EDDDBCABDCBB 0 OE+00 J1E+00 1.0E+04 1.91E+04 2.9E+05
EDDDBCBBDCBB 0.0E+00 3. 1E+00 1.0E+04 1.91E+04 2.9E+05
FDADBCABDEBB 0.0E+00 8.6E~03 2.3E+01 5.17E+01 0.0E+00
FDDCACABAERB 0.0E+00 8.6E-03 2.3B+01 S.17E+01 0.0E+00
FDDDBCABDEBB 0.0E+00 8.6E~03 2.3E+01 5.17E+01 0.0E+00
FDDDBCBBDEBB 0.0E+00 8.6E-03 2.3E+01 5.17E+01 0.0E+00
GDADBCABDGBB 0.0E+00 2.6E-02 9.7E+01 1. 38E+02 0.0E+00
GDCAFCDBDGBB G.OE+00 2.6E-02 9.7E+01 1.38E+02 0.0E+00
GDCCACDBAGBB 0.0E+00 2.6E-02 9.7E+01 1.38E+02 0.0E+00
GDCDBCDBDGBB 0.0E+00 2.6E~-02 9.7E+01 1.38E+02 0.0E+00
GDDCACABAGBB 0.0E+00 2.6E-02 9.7E+01 1.38E+02 0.0E+00
GDDDBCABDGBB 0.0E+00 2.6E-02 9.7E+01 1.38E+02 0.0E+00
GDDDBCBBDGBB 0.0E+00 2.6E-02 9.7E+01 1.38E+02 0.0E+00

23




Table 3.3. Annual base case LOCA risk
Mean 30-Mile Mean 10X-Mile Mean Offsite
Mean Early Mean Latent Dose Dose Costs
Fatalities __Fatalities _(person-rem) __(person-rem) ($)
SCET 4E-06 4E-03 9 22 6.48E+03
Keference 4 9E-05 2E-02 41 o8 1.31E+05
Relative change 225 5 4.6 45 20.2

are in many cases one or more orders of magnitude less
than the mean source terms calculated in Reference 4.
However, there is also the possibility that errors could
exist in the version of ZISOR used for the SCET analy-
sis in this report. To check this possibility, ZISOR was
run on the four sequences for which Reference 4 pro-
vides source term distributions. The results matched
the point estimate ZISOR source terms showr in
Reference 4. Thus, the version of ZISOR used for this
report was considered to be working correctly.

The final possibility for the risk discrepancy is that
the version of MACCS used for this analysis gives sig-
nificantly different results than the version used for
Reference 4. MACCS 1.5.11 was used for this analy-
sis, whereas Reference 4 used MACCS 1.5.5. This
possibility was discussed with an individual involved
with verification of the MACCS code. This individual,
who was familiar with the changes made to the code in
progressing from version 1.5.5 to version 1.5.11,
thought that the results between the two versions might
difier by 5-10%, but was not certain how the magni-
tude ot ihe res:lts would change.

Based on these findings, the authers’ conclusion is
that the majority of the difference in magnitude be-
tween the SCET risk results and those published in
Reference 4 is due to the limitations of using a point
estimate source term rather than a mean value calcu-
lated from a distribution.

The contribution of each containment failure mode
to the offsite population dose is listed in Table 3.4. As
this table shows, a mode failure and bypass are the
largest contributors to offsite dose for the LOCA PDS.
DCH and late failures are insignificant in comparison.
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3.4 Risk Benefit of Potential
improvements

Reference 2 identified several improvements that
have the potential to enhance the performancs of the
large dry PWR containment during a severe accidemt.
These improvements are as follows: (1) enhanced
reactor vessel depressurization capability, (2) cavity
flooding, (3) prevention of hydrogen bums in contain-
ment, (4) containment venting, and (5) modifications
to reduce the frequency of the interfacing systems
LOCA (V sequence). The risk benefit of the first four
of these improvements is evaluated in this section for
the LOCA PDS. The fifth improvement is not
evaluated, as it affects only the V sequence, not the
conventional LOCA. No effort was made to evaluate
the feasibility of any of the potential improvements,
because this was beyond the scope of the project.

3.4.1 Enhanced Reactor Vessel Depressuri-
zation Capabliity. The ability to depressurize the
reactor vessel during a severe core damage accident is
desirous from the standpoint of reducing the threat to
containment integrity presented by DCH at the time of
vessel failure. Intentional depressurization was mod-
eled in the LOCA SCET by eliminating event HPME
from consideration; all sequences in which core dam-
age - not arrested involve vessel failure at low pres-
sure (<200 psig) only. In the Zion APET, vessel failure
at low pressure does not present a DCH challenge to
the containment. Figure 3.2 shows the SCET that
models intentional depressurization.

Table 3.5 shows the change in the conditional con-
tainment failure probabilities effected by intentional
depressurization.



Tatde 3.4. Containment failure mode contribution to offsite dose for the LOCA PDS
(from SCET)

Contribution to S0-Mile Coatribution to 1000-Mile
Containment Dose Dose

_ Failure Mode _ (%) (%)

DCH 1.7 13
a

Bypass®

BMT

a. Bypass failures involve pre—existing conainment leakage
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As shown in Table 3.5, depressurization eliminates
DCH failures, but leads 1o a slight increase in the con-
ditional probability of a mode failure. This occurs
because the mean probability of @ mode failure used in
the Zion APET is a factor of ten higher at low vessel
pressure (8 x 1077) than it is a1 intermediate or higher
pressures (B x 1074). The effect of this change in
containment failure probability on risk is shown
in Table 36

Because of the increase in the conditional probability
of amade containment failure brought about by depres-
surization, there is a small increase in all risk measures
apant from the mean number of early fatalities, which
decrease very slightly. To reitcrate, this result hinges
upon the pressure-dependent probabilities assigned to
a mode failure in the Zion APET (Question 34). These
probabilities are highly uncertain; therefore, the ¢{fect

of this-dependence on vessel pressure was examined in
asensitivity case in which the conditional prebability of
amode comainment failure, given vessel breach, was
taken to be 8.0 x 10~ (the mean value with the RCS at
tugh pressure ), regardless of vessel pressure at the ume
of vessel {ailure. This revised APET was evaluated with
no sampling on Question 34 (ax mode containment fail-
ure ) and the split fractions in the LOCA SCET with de-
pressunzation were adjusted to fit the results of the
frequency output file generated by EVNTRE. This
revised SCET is shown in Figure 3.3,

The revised conditional containment failure prob-
abilities from this SCET are shown in Table 3.7.

As expecied, the conditional probability of a mode
failure is significantly reduced (by one order of
magnitude ) from the base case probability. The calcu-
lated risk for this case is shown in Table 3.8

Table 3.5. Conditional containment failure probabilities for the LOCA PDS with operator depressurization

Contatnment Conditional Probability Base Case
Failure Mode (SCET) Conditional Probability
No containment 7.35E-01 7.43E~01
failure
DCH 0.00 1.43E-03
a mode 7.58E-03 7.15E-03
Bypass® 4 90F 03 4 97E-03
Late overpressure 6.23E-04 6.13E-04
BMT 2.53E-01 245601
a. Bypass failures involve pre-existing containment leakage.
Table 3.6. Annual LOCA nsk with operator depressunzation
Mean 50-Mile Mean 1000-Mile Mean Offsite
Mean Early Mean Latent Dose Dose Costs
Fatalities Fatalities (person-rem) (person—-rem) ($)
Base case 4. 11E-06 347E-03 9.22 21.74 6.48E+03
SCET 4. 06E~06 3.59E-03 9.52 22.58 6.82E+03
% change ~1.22 3146 325 3.86 5.25
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Conditional containment failure probabilities for ihe LOCA PDS with operator depressunization
and pressure-independent point estimate probability of @ mode containment failure

Containment Revised Base Case
Failure Mode Conditional Probability Conditicnal Probability

No containment 747E-01 7.43E-01
failure

DCH 1.43E-03 1.43E-03
a modde 71504 7.15E-03
Bypass® 5.00E~-03 AVE U3
Late overpressure 6.18E-04 6.138-04

BMT 2.46E-01 2.43E-01

a. Bypass failurss involve pre-existing containment lcakage

Annual LOCA nisk with depressurization and pressure-independent point estimate probability of
o mode failure

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

_Fatlies Fatalities (person-rem) (perscn—rem) ($)

4. 11E-06 347E-03 b 21.74 6.48E+03
1.70E-06 1.06E~03 . ‘ 1.41E+0?

~58.6 -69.6 ~78.2




The risk reduction associated with the decreased
probability of @ mode failure is significant. Because
a mode failure is so dominant in the base case, this
issue was investigated in a sensitivity case, where the
effects of depressurization were isolated from the
uncertainty in the a mode failure probability. This in-
vestigation was conducted by rerunning the base case
with the conditional probability of a mode failure in
the APET set at the point estimate value of 8.0 x 104,
with no sampling on Question 34. (It is possible, of
course, that the probabilities of & mode failure in
NUREG-1150 are too low, in which case a mode fail-
ure would be an even larger contributor to offsite risk.)
The conditional containment failure probabilities for
this sensitivity are shown in Table 3.9,

The annual offsite risk for this sensitivity case is
shown in Table 3.10.

3.4.2 Cavity Flooding. The purpose of a reactor
cavity flooding system would be to provide a flow of
water to core debris released into the cavity at the time
of vessel fuilure. This water could quench the debris
and maintain a coolable configuration, reducing CCI
and mitigating any gradual overpressunzation of con-

tainment caused by the production of noncondensible
gases during CCl. The flooded cavity could cause an
‘nitial steam spike at the time of vessel failure, but
would not be expected to threaten containment in-
tegrity.? In analyzing the cavity flooding improve-
ment, the base ~ase probabilities of having a coolable
debris geomet:y were retained. These probabilities are
listed here for reference: (1) given a mode or rocket
failure of the containment, the probability is 0.7 that
the debris is coolable, (2) given KPME or EVSE,
there is a 50% chance that the debris i co¢ bl . (3) if
there is a gravity pour withno EVSE @ -~ s .y a
10% chance of having a coolable debr.s tr

The revised SCET u ed to analvzs tt  eddhic . o
cavity flooding system is shown in Figu * 7.s.
Table 3.11 shows the conditional corsaarem "iie
probabilities calculated from this tres

As Table 3.11 shows, the addition of a cavity flooding
system does not significantly affect the conditional
probabilities of containment failure. The reason for this
is that most of the base case LOCA sequences already
have a wet cavity@t the time of vessel breach; therefore,
there is little effect from the addition of the flooding
system. The effects on risk are shown in Table 3.12.

Table 3.8. Conditional containment failure probabilities for the base case LOCA PDS with

pressure-independent point estimate probahility of a mode containment failure

Containment Revised Base Case
Failure Mode Conditional Probability Conditional Probability

No containment 7.39E-01 7.35E-01

failure

DCH 0.00 0.00

o mode 7.58E-04 7.58E-03

Bypass® 5.00E-03 4 96E-03

Late overpressure 6.28E--04 6.23E-04

BMT 2.55E-01 2.53E-01

a. Bypass failures involve pre-existing containment leakage

Table 3.10. Annual base case LOCA nisk with pressure-independent point estimate probability of o mode

failure
Mean 50-Mile Mean 1000-Mile Mean Offsite
Mean Early Mean Latent Dose Dose Costs
_Fatalities Fatalities (person-rem ) (person-rem) ($)
Base case 4. 11E-06 3470-03 9.22 21.74 6 48E+03
SCET 1.88E-06 1.08E-03 3.05 6.44 1.38E+03
% change -54.3 -68.9 -66.9 -70.4 -78.7
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Table 3.11, Mummmtuummsmamm.m

Contanment Conditiona) Protatality Base Case
Failure Made (SCET) Conditional Probabulity
No containmen 743601 7.43E-01
failure
DCH 1 43E-03 | 44E-03
a mode 7 1SE-(4 7. 14E-03
Bypass* 4 97E-03 4 97E-03
Late overpressure 6. 13E-04 6.11E-04
BMT 243E-0) 242E-01
& Bypass failures involve pre-existing containment leakage.
Table 3.12. Anoual LOCA nsk with cavity flooding system
Mean S0-Mle Mean 1000-Mile Mean Offsite
Mean Early Mean Latent Dose Dose Costs
Fawlives Fatalives _(person-rem) __{person-rem) £
Base case 4. 11E-06 3147E-01 9.22 21.74 6.48E+03
SCET 4 03E-06 247E-03 718 14.56 292E+03
% change -1.9 -28.7 ~22.0 -33.0 ~55.0

3.4.3 Hydrogen Control The base case results
show a very small prot ability of late overpressure fuil-
ure of the containment folloving CCl. However, as the
realized split fractions for Question 62 show (see
Appendix B), these overpressure failures are not the
result of a hydrogen bum. Therefore, there appears 10
be no tangible nsk benefit associated with enhanced
hydrogen control for the LOCA PDS group at Zion
Note that only global hydrogen bums were considered
in the NUREG-1150 model for Zion.

3.4.4 Containment Venting Because there is no
internal means of providing for a scrubbed release
when venting from the large dry PWR containment
(such as a suppression pool or ice condenser), there 1s
probably no nsk benefit 1o early containment ventng
unless some type of external filter is employed As

32

discussed in Reference 2, late veniing may have poten-
tal beuefit in preventing an uncontrolled release of
radioactiviry as a resuli of erags containment structura
failure. However, because late overpressure contain
ment failure contributes only marginally to the risk
associated with the LOCA PDS, there is essentially no
ber efit 1o late unfiltered venting. In addition, the
current revision of the Westinghouse Owners Group
Emergency Procedure Guidelines does noi direct the
operator 1o vent the containment, because of the con-
cern. over an unfiliered release of fission products to
the environment. An evaluation of fillered contain-
ment vertiag is beyond the scope of this analysis.
However, the high cost associated with installing an
external fillered containment venting system is likely
to greatly outweigh any potential benefit in terms of
nsk reduction.



4, TRANSIENTS AND ANTICIPATED TRANSIENTS WITHOUT
SCRAM (ATWS)

The transient + ATWS PDS group al Zion s made
up of sequences in which the RCS i inact at the time
of core uncovery and AC power is availuble

4.1 Transient + ATWS Core
Damage Froequency

The wansien + ATWS PDS group is composed of
11 individual plant damage states, with & combined
froquency of 1.18 x 10* per reactor-year, as reporied
in Tuble 2.2-3 of Reference 4

4.2 Transient « ATWS SCEY
Results

The base case transient + ATWS SCET is shown in
Figure 4.1, This SCET, like the LOCA SCET, was con-
structed using the methodology outhiaed in Section 2
Table 4.1 shows the containment failure probabilities,
conditional on the occurrence of the transient «
ATWS PDS, caleulated from this SCET and compares
them with the probabilities from Reference 4

The conditional contmnment failure probabilities
calculated from the SCET agree well with those pub-
lished in Reference 4. As inthe LOCA PDS, early con-
tainment failur is not likely; however, in the
vansient + AT'WS PDS, DCH is shightly more domi-
nant than o mode failure. Late overpressure failures
as a result of hydrogen burns are not likely and the
probability of eventual overpressure failure from the
butldup of steam and noncondensible gases is vanish-
ingly small, as it was for LOCAs. Again, there is a sig-
nificant chance of basemat melt-through. But as for
LOCAS, the most probable end states tnvolve a con-
tainment that is structurally intact

4.3 Base Case Transient +
ATWS Conseguences

The SCET end states were binned into acaadent pro-
gression bins and the ZISOR code was again used 10
generate source temms for these bins (see description i
Section 2). Conditional consequences were then calcu-
lated for each accident progression bin with the
MACCS code. As for LOCAs, the Zion site data and
meteorologicai files were used for these calculations
The conditional consequences for each accident pro-
gression bin are shown in Table 4.2

These conditional consequences are used in
Equation 1.1 to obtain the aanual transient + ATWS
nsk (or Zaon Table 4.3 compares the calculated annual
risk from the SCETs with the published values
in Reference 4

As in the { OCA PDS, the risk calculated with
the SCET is lower than the published values in
Reference 4, although the differences are less in the
transient ¢+ ATWS case. Again, this is to be expected
when calculating nsk based on point estimate source
terms generated by ZISOR

Table 4.4 lists the contributon of each containment
failure mode to the offsite dose. DCH failures are
shightly more significant than in the LOCA PDS . How-
ever, the largest contributor 10 offsite dose 18 now con-
tanment bypass instead of a mode failure, although
the contribution from the latier is still significant. The
contribution of & mode failure is down because the
RCS is more likely +0 be at high pressure at the time of
vessel breach than in the LOCA PDS group. Late con-
tainment failures are again an insignificant contributor
1o offsite dose

4.4 Risk Beneflt of Potential
improvements

The nsk benefit of the potential contmnment per-
formance improvements identified in Reference 2 is
calculated in this secton

441 Enhanced Reoclor Yessel Depressuri-
zation Capabllity. With no accompanying break
equivalent in size to an 82 LOCA, opening the pressur-
izer PORVs at Zion has not been shown 1o reduce RCS
pressure below the DCH cutoff used in Reference 4
However, if intentonally opening the PORVs induces
a failure of the pressunizer surge line, then RCS pres.
sure will be reduced 1o <200 psig at the me of vessel
failure and DCH will not be a threat 10 containment in-
tegrity. To model intentional depressurization via the
PORVs, an additionai event to represent intentional
opening of the PORVs could be added to the base case
SCET and the conditional probability for the lower
branch of this event could be changed to 0.0 to
represent opening of the PORVs 100% of the time
Tests indicated that this approach was 100 simplistic
because it did not model the dependencies between
depressurization and vessel breach that exist in
the APET. A number of attempts were made to
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Conditional contanment fwiure probabilities for the transient + ATWS PDS

Commnment Conditional Probability Condii 2nal Probai!iy
_Fallure Mode _(SCET) : (Reference 4)

No comtainment 7 QOE-0! 7 90E-01
failure

DCH 4.14B-03 $.19E-03
a mode 1 66E-03 151603
Bypass® 8 94503 9.15E-03

1 49E-04 1 48E-04

BMT 1.93E-0i 1.93E-01

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

Tabkle 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 Dose Dose Costs

Bin _Fatalities  Fatalities (person-rem)  (person-rem) iy Tk

CDACAAABACBB 9. 55E+00 4.24E+03 8.21E+06 2.49E07 1.S1E+10
CDACACABACBB 7.30E--01 JORE+(2 L13E+06 231E+06 3. 08E+08
CDADBAABDCBEB 9. 5S5E+00 4 24E+03 8.21E+00 249E+07 1.S1E+10
CDADBCABDCBB LI12E+0 S ORE+(2 1.74E+06 1S1E+06 6.30E+08
CDCCAADBACBSB 9.55E+00 4.24E+03 B.21E+06 249E407 1.518+10
CDCCACDBACBB 7.30E-01 3 98E+02 1. 13E+06 231E4+00 3.0BE+08
CDCDBCDBDCBB 1L 12E+00 S.98E+(2 1.74E+06 I S1E+06 6.30E+08
CDCDFADBDCBE 9.54E+00 4.23E+03 8. 18E+(06 2 ARE+(7 1.51E+10
CDCDFCDEDCBB 7.308-01 3 ORE+02 L13E+08 231E+06 3.0BE+O8
CDDCACABACBR 7.30E-01 T O98E<(02 1. 13E+0% 231E+06 3.08E+08
CDDDBCABDCBB 112630 S.OBE+(2 1.74E+06 ISIE+06 6.30E+08
CHACACABACBBE 1 47E+0] 441E+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 4ATE+0] 441E+03 8.C6E+(6 2.65E+07 1.90E+10
DAADDABEDBBB 1L.O1E+01 4.508+03 8.91E+06 2.TEX7 1.70E<10
DAADDCBBDBEB | 45E+0 1 A2E+03 3.64E+06 9.09E+06 120E+00
DAFDDABBDBBB 1 O1E+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 3.00E+08
DDACACABACBB 6.17E-01 L 3RE+02 4 32E+05 71.77E+05 7.97E+07
DHACACABACEE 6.43E-01 2.11E+03 4 55E+06 1.28E+07 5.95E+09
DHADDCEBDB! B 4378402 9.56E+03 1.94E+07 S.67E+07 441E+10
EHACACABACY 1 0.00E+(0 1 46E+02 4. 75E+05 8. 75E+05 1.O1E+08
EHADBCABDCEH B 8.38E-06 230E+(2 7.51E+05 1 44E+06 1.78E+08
EHFCACABACEB 8.38E-06 2.39E+(2 7.51E+05 1 44E+06 1. 78E+08
EHFDBCARDCBB 8 82E-(4 S 99E+(2 1. S4E+06 4 06E+06 8. SOE+08
FDACACABAEBB 0.00E+00 8.63E-03 2.28E+01 S17E+0] 0.00E+00




Tobde 4.2.  (continued)

Acadent Mean S0-Mile  Mean 1000-Mile  Mean Oftsive

Progression Mean Early Mean Latent Dose Dose Costs
oo Bin  FPudlities _Faulies  (pemoorem) _(pemonem) )
‘s “ FD/\DBCABDEBB 0.00E+00 B63E-03 2.28E+01 5.17E+01 0.00E+00
' FI' DCACABAEBRB 0.COE+00 8.63E-03 2.28E+01 SATE+01 0.GOE+00
FODDBCABDEBB 0.00E+00 8.63E-03 2.28E401 5.17E+01 0.00E+00
FHACACABAEBB 0.00E+B0 7.84E-02 LI8E«02 4 61E+02 1. 10E+03
FHADBCARDEBB 0.GOE+O0 1.31E-01 S3RE2 7. 72E+02 3.42E+03
- FHFCACABAEBB 0. GOE+00 7 84E-02 3ARE«02 4.61E+2 1. 10E+03
FHRFDBCABDEBB 0.COE+00 1.31E-01 S ARE+02 7.72E+02 3428403
GDACAAABAEBB B A2E+00 4 23E+03 £ 19E+06 2 ABE+(07 1.51E+10
GDACAAABAFEB 8 42E+00 4 23E+03 8. 19E+06 2488407 1.S1IE+10
GDACACABAGBEB 0.00E+00 2.63E-02 9.67E+0] 1. 38E+02 0.00E+00
GDADBAABDEBB 8 42E+00 4 23E+02 8 19E+06 248E+07 1.51E+10
I GDADBAABDFEB 8 A2E+00 4 23E+03 K 19E+06 248E+07 1.S1E+10
2 GDADBCABDGBB 0.00E+00 2.63B-02 O.67E0) 1. 38E+02 0.00E+00
GDOCAADBAFBB 8 42E+00 4 23E+03 8 19E+06 2 A8+ 1.51E+10
] GDCCACDBAGBB 0.00E+00 2.638-02 9.67E+01 1.38E+02 0.COE+00
‘ GDCDBADBDFBB 8 42E+00 4. 23E+03 8 19E+06 2.48E+(7 1.51E+10
' GDCDBCDBDGBE 0.G0E+00 2.63E-02 9.67E+01 1 38E+02 0. 00E+00
GDCDFADBDFEB 8428400 4 23E+00 §.19E+06 2A8E+07 1.SIE+10
GDCDFCDEDGBB 0.COE+00 2.63E-02 0. 67E+01 1.38E+02 0.00E+00
; GDDCAAABAEBB 842E+00 4 23E+03 8 19E+06 2 ABE«+(7 1.SIE+10
GDDCAAABAFEB 8 42E+00 4 23E+03 8. 19E+06 248E+07 1.51E+410
; GDDCACABAGBE 0.00E+00 2.63E-02 9.67E+01 1.38E+02 0 COE+00
GDDDRAABDEBB 8 A2E+00 4 23E+03 8. 19E+06 2.48E+07 1.51E+10
] GDDDBAABDFBB B A2E+00 4.23E+03 8 19E+06 2.48E+07 1.51E+10
GDDDBCABDGBB 0.00E+00 2.63E-02 9.67E+01 1.38E«02 0.COE+00
GHACACABAGBE 0.00E+00 1.52E-01 6.17TE+02 8. 77TE+02 3 B0E+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 248E+(7 1LSIE+10
GHADBCABDGBB 0.00E+00 1.52E-0i 6. 1 TE+02 8.778+02 3 B0E+03
) GHFCACABAGBB 0.00E+00 1.528-01 6.17E+02 8. 77E+02 3.80E+03
L GHFDBCABDGBB 0.C0E+00 1.526-01 6.17E+02 8 77E+02 31 80E+03

Teble 4.3. Annual base case transient + ATWS nigk

T3 Mean 50-Mile  Mean 1000-Mile  Mean Offsiv-.
d Mean Early Mean Latent Dose Dose Costs
Fatalities Fataliues (person-rem) _ (person--rem) (%
SCET AE-07 IB-04 0.7 1.8 OE+02
Reference 4 4E-06 SE-04 12 2.7 IE+03
Relatuve change 6.7 1.7 1.7 1.3 33

:"’

i
I
J




Tab'e 4.4. Contairiment failure mode contribution 1o offsite dose for the transieni + ATWS PDS

(from SCET)
Contribution to $0-Mile Contribution 1c 1000-Mile

Contaament Dose Dose

Failure Mode (%) (%)
DCH 34 23
a 246 226
Bypass® 718 749
Late overpressure £ £
BMT £ €

a Bypass failures include pre-existing containment leaks and induced SGTR.

approximate this depeadency by including more top
events in the SCET. However, none of these attemp!s
proved successful. the SCET results still did not agree
very well with those predicted by the APET.

This modeling problem appears to be a limitation of
the SCET methodology. Vessel breach is a critical top
event in the SCET and its complicated dependencies
on earlier events " the APET cannot be completely
maodeled without making the SCET excessively large
and complicated. At this point, a choice had 10 be made
between simplicity and accuracy. The decision was
made to give up some of ihe simplicity of analyzing
depressurization on the SCET in order to accurately
model the dependencies in the APET. SCETs were still
produced to show the revised pathways through the
APET, but depressurization itself was modeled by
adjusting split fractions in the APET.

This decision was influenced by the fortuitous avail-
ability of the PSTEVNT post-processor code at this
point in the project® PSTEVNT allowed processing
of output from FYNTRE runs made in the sampling
mode (mode 3), as was done for draft NUREG-1150.
Use of PSTEVNT also automated the binning of SCET
end states into the ZISOR accident progression bins.
The steps in the revised process are as follows:

I. Run EVNTRE in the sampling mode
(mode 3) to analyze improvements modeled
in the full 72-questuon APET.

2. Use the binning output file from EVNTRE as
input to PSTEVNT.

Kl

3. Run PSTEVNT 1o generate composite soried
output from which the revised SCET is
constructed.

4, Run PSTEVNT again to genernte the Z1' R
accdent progression bins and their condition-
al probabilities of occurrence.

The remaining steps in the nisk calculation are the
same as were described in Section 2.

Intentional opening of the PORVs was modeled
in the APET by adjusting the split fraction for
Question 16 10 0.0/1.0 and turming off sampling for
this guestion, The resulting SCET is shown in
Figure 4.2, The revised conditional containment fail-
ure probabilities are shown in Table 4.5,

As Table 4.5 shows, opening the PORVs signifi-
cantly reduccs the probability of DCH-induced carly
containment failure. Also, the probability of bypass
failure is reduced by the elimination of temperature-
induced SGTR. However, tiere is a slight increase in
the probability of late fallure e increase in late over-
pressure failure is probabl  itributable to a lurger
amount of hydrogen being ¢ rated inthe case where
the PORVs are intentiona..y opened durning core
degradation. The reason for the slight increase in the
probability of BMT is not known. The effects of inten-
tional RCS depressunzation on offsiie nisk are shown
in Table 4.6
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Conditonal contanement faslure probataiites for the transient ¢ ATWS PDS wigh
mentional depressurzanion (HPME rot eliminated )

Contatnment
Failure Mode

No comtainment
failure

DCH

maode

Bypass*

BMT

Condinenal Probability

. (SCET)

7.89E-01

221803
3. 5BE-03
4 97E-03
1. 67E-04

1. 99E-01|

Base Cas
Condivonal Probatuliy

7 20801

4 14E-03
3. 66E-03
8 M4E-03
1 49E-04

1.93E-0)

& Bypass falures include pre-existing leakage and induced SGTR

Table 4.6,

Annual transient + ATWS nisk with intentional RCS depressunization
(HPME not eliminated )

Base case
SCET

% change

Mean Early
Fatalities

6.22E-07
2 10B-07

~66.3

Mean Latent
Tutaliies

3.GOE-04
0 67E-05

67 8

Mean $0-Mile

(person-rem)

Mean Offene
Costs
] (%)

Dose

0.66 892

176

~80.3

As Table 4.6 shows, the decrease in the conditionai
probability of early contmnment failure effecied by
opening the PORVs more than offsets the slight in-
crease in the conditional probability of late failure
This finding is consistent with the results in
Reference 4, where offsine nsk is compieiely domi.
nated by early contanmesi failure

Because the reduction in DCH conainment failures
efincied by openung the PORVS 15 a result that is very
specific 10 Zion, a sensitivity case was run under the
* umption that opening the PORVs wouid completely

sale HPME, that is, that the RCS pressure al the

i vessel breach would always be <200 psig
ever, this case could not be modeled simply by
@ the pro oility of event HPME in the base case

SCET 10 0.0, because redy ing vessei pressure affects
the condit:onal probability of vessel breach (event VB)
as well. Accordingly, a modified APET was evaluated
and the split fractions in the SCET were adjusted 10
match those calculated with the APET. Also, as dis-
cussed in Section 3, the Zion APET uses a probability
for & mode failure thai is dependent upon RCS pres-
sure at the time of vessel breach. If the pressure is
>200 psig, the mean conditional probability of
a mode failure is 8.0 x 1074, However, if RCS pres.
sure is <200 psig. the mean probability is 8.0 x 10-°
Because some experts may guestion the use of such a
hugh probability of a mode failure, a sensitivity case
for full depressurization to <200 psig was also
run with a pressure-independent a mode failure




probability of 8.0 x 104, with no sampling of
Question 34 in the APET. The revised SCETs for
these cases are shown in Figures 4.3 and 4.4 The
containment fallure probabilities calculated for these
cuses are shown in Tubles 4.7 and 4.8

Elminating HPME eliminates DCH failures, as ex-
pected. The conditicnal probability of a mode falure
increases if the pressure-dependent probability distn-
bution from draft NUREG-1150 is used but is de-
creased signeficanly if a pressure—independent point
estimate is used. Table 4.9 shows the annual offsite nsk
for the fully depressurized case with the a mode
probabilities from draft NUREG- 1150 and Table 4.10
shows the risk for the fully depressunzed case with the
pressure~independent point estimate probability of
a mode fallure

Note that the risk reduction for both of the fully
depressurized cases is quite large, although it is less
where a pressure-dependent a mode probability 18
used. This is attributable to several factors. First,
depressunzing allowe injection from low pressure
systems, because AC power is available. This reduces
the conditional probability of vessel breach. Secondly,
depressurization eliminates temperature-induced
SGTR, which is a significant contributor 1o the base
case transient + ATWS rnisk, as shown in Table 4.4
Thirdly, the use of a point estimate probability of
a mode failure that is independent of the RCS pres-
sure at the ume of vessel breach eliminates failnres
produced by sampling from the “tail” of the o mode
failure distribution. [n summary, the primary benetits
of depressurization for the transient + ATWS PDS
group are the elimination ~f temperature-induced
SGTR and the increased probability of recovering the
sequence in-vessel. These benefits are diminished

somewhat by the use of the pressure-dependent prob-
ability cistribution for @ mode failure developed for
draft NUREG- 1150

4.4.2 Cavity Flooding The addition of & cavity
flooding system was analyzed by appropriately
modifying the split fraction of Question 31 in the
Zion APET, turning off sampling for thus question,
and running EVNTRE and PSTEVNT 10 generate the
revised SCET and ZISOR accident progression bins.
Figure 4.5 shows the revised SCET for transient +
ATWS with the addition of a cavity flooding system
Table 4.11 shows the revised conditional containment
failure probabilities

Cavity flooding lesds to an increase in the prob-
ability of DCH fatlure. There is an expected reduction
in the probability of BMT. Table 4.12 shows the effect
of cavity flooding on offsite risk. For further details,
see Section 542

4.4.3 Mydrogen Control Improved hydrogen
control was modeled in the SCET by eliminating late
overpressure containment failure, that is, by setung the
probability of the lower branch of event L-OP 10 1.0
for all sequences. The new conditional containment
failure probabilities w« shown in Table 4.13

Elimination of hydrogen bumns produced no reduc-
tion in any of the nsk measures used in this repon.
This finding is consistent with Reference 4, where late
overpressure containment failure was a negligible
contributor 1o nisk

4.4.4 Conteinment Venting As i the LOCA
PDS, containment venting is not evaluated for
transient + ATWS, See the discussion of containment
venting in Secton 3.4 4
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Table 4.7. Conditional contasnment faillure probabilities for the transient + ATWS PDS with operator

depressunzaton and pressure-dependent a mode probability
(n¢e HPME)

Contarsment Conditional Probability Base Case
Failure Mode (SCET) Conditonal Probability

No conta'nment 8. 0SE-01 7 90E-01
failure

DCH 0.00 4.14E-05
« mode 5.28E-03 3.66E-03
Bypass® 4 97E-03 8.94E-03
Late overpressure 1L41E-04 1 49E--04

BMT 1.8SE-0] 1.93E-01

a. Bypass failures involve pre-existing containment leakage

Teble 4.8. Conditional containment failure probabilities for the transient + ATWS PDS with operator

depressurization and pressure-independent point estimate « mode probability
(no HPME)

Containment Conditional Probability Buse Case
__Failure Mode (SCET) Conditonal Probability

No containment 8 OSE-01 790801
failure

DCH 0.00 4.14E-03
o mode 4 25E-04 1 66E-03
Bypass® 5.00E~03 B.9E-03
Late overpressure 1 42E-04 1 49E-04

1. R7E-~01 1 93E-01

4. Bypass failures involve pre-existing containment leakage




Table 4.9. Annual transient + ATWS nsk with full RCS depressurization and pressure-dependent
a mode probability (No HPME)

Mean S0-Mile Mean ! 000-Mile Mean Offsite

Mean Early Mean Latert Daose Dose Costs
Fatalities Fualities (Person-rem ) (Person-rem) o,
Base case 6.22E-07 3. 00E-04 0.66 1.79 K92
SCET 2.67E-07 1.226-04 032 076 249
% change 571 -59.4 -51.1 ~57.4 ~73.1

Table 4.10. Annual transient + ATWS risk with full RCS depressunization and pressure-independent point
estimate a made probability (no HPME)

Aean 50-Mile Mean 1000-Mile Mean Offsite

Mean Early Mean Latent Dose Dose Costs
Fatalities Fatalities (Person-rem ) _ (Person-rem) Ll T
Base case 6.22E-07 3.00E-04 0.66 1.79 92
SCET 8 44E-OK 3 85E-05 0.1 0.23 480
% change -86.4 -87.2 835 -87.2 -94.6
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Yadle 4.99. Conditional containment failure probabilities for the transient + ATWS PDS with cavaty

floading system
Contmnment Conditiona! Prabability Base Case
__Failure Mode oCeT) Conditional Probability
No contanment 8.38E-01 7 90E-01
fatlure
DCH 7.62E-03 4 14803
o mode 4 14E-03 1.66E-03
Bypass* 9.12E-03 8 94E-03
. l Late overpressure | 43E-04 1 49E-04
| BMT 1 41E-0) 1 93E-0)
V- a. Bypass failures involve pre-existing contmnment leakage

Teble 4.12. Annual transient + ATWS nsk with addition of cavity flooding system

Mean S0-NMiile Mean 1000-Mi'e Mean Offsite
Mean Early Mean Latent Dose Dose Costs
_Fatalities Fatalities (Persoin-rem) (Person—-rem) (%
T Base case 6.22E-07 1 G0E-04 0.66 1.79 892
SCET 658607 2 97TE-04 0.66 1.74 844
o % change 58 11 0.0 -29 5.4

Table 4.93. Conditional containment failure probabilities for the transient + ATWS PDS with inproved

f hydrogen control
Containment Conditional Probability Base Case
- __Failure Mode (SCET) Conditional Probability
No containment 7.90E-01 7. 90E-01
failure
DCH 4.14E-0 4.14E-03
T  mode 3 66E-0) 3 66E-03
Bypass® §.94E-02 8 94E-03
Late overpressure 0.00 1 4RE-(4
‘ BMT 1.93E-01 1.93E-01

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

Plant damage states in the SBO group involve a loss
of offsie power followed by failure of the emergency
diesel genermions (EDGs) 10 stant and run. The turbine-
driven auxiliary feedwater system (AFWS) operates
until the station batienies are depleted afier an assumed
ingerval of four hours. The RCS 15 intact at the ume of
core uncovery in one of the SBO PDSs. In the other
two, failure of the RCP seals results in an RCS break
equivalent in size 10 a medium LOCA (52 break) at the
time of core uncovery.

5.1 Station Blackout Core
Damage Frequency

The SBO group is composed of three PDSs with a
1otal mean frequency of 521 x 107°% per reactor-year
from Table 2.2-3 in Reference 4

5.2 Station Blackout SCET
Results

The buse case SBO SCET is shown in Figure 5.1
This SCET, like those for the previous PDS groups,
was constructed using the methodology outlined 1
Section 2. Note its similanity to the SCET constructed
for the transient + ATWS PDS group in Section 4
Table 5.1 shows the contuinment failure probabilities,
conditionai on the occurrence of the SBO PDS, calcu
lated from this SCET and compares them 10 the prob-
abiltties from Reference 4

The conditional containment failure probabilities
calculated from the SCET agree well with those pub-
hished in Reference 4. Again, the most likely end state
18 one in which the containment mairtains its structural
integrity. The most likely mode of early containment
failure is DCH. This differs from the LOCA PDS,
where o mode fallure was more likely than DCH

5.3 Base Case SBO
Consequences

The SCET end states were binned into accident pro-
gression bins and the ZISOR code was again used 1o
generate source terms for these birs as described in
Section 2. Because of the large number of accident
progression bins, the source terms were manually
combined into groups in order to reduce the required
number of MACCS calculations. Conditional con-
sequences were then calculated for each accident

progression bin group with the MACCS code. As
for the previous PDS groups, the Zion site data and
meteorological files were used for these calculations
The conditional consequences for each accident
progression bin are shown in Table 5.2

Table 5.3 shows the annual nsk for the SBO PDS
group calculated from Equation 1.1

Table 5.4 lists the contribution of each containment
failure mode to the offsite population dose

Again, the only significant contributors to offsite
dose are early contmnment failures, with a mode fail-
ure being the most dominant. DCH contributes a larger
fraction than it dd in either the LOCA o transient +
ATWS PDS groups. The contnbution from coatain-
ment bypass is also significant

5.4 Risk Benefit of Potential
Improvements

The nisk benefit of the potential containment per-
formance improvements identified in Reference 2 1s
calculated in this section

5.4.1 Enhanced Reector Vessel Depressuriza-
tion Capabliity. Similar to the transient + ATWS
PDS group, innentional depressurization via the pres-
surizer PORVs could not be accurately mode.ed with
an SCET. Therefore, depressunization was modeled in
the APET using the revised methodology discussed
in Section 4.4.1, 'The revised SCET is shown in
Figure 5.2 The new conditional probabilities of con-
tainment failure thus obtained are shown in Table 5.5

As Table 5.5 shows, opening the PORVs during
SBO does not significantly affect the threat of DCH
Because the APET upon which the model of depres-
surization is based is specific to the Zion plant,
and PORV capacity is a plant-specific parameter,'?
two sensitivity cases were run in which opening the
PORVs was assumed to eliminate HPME by reducing
vessel pressure below the DCH cutoff of 200 psig
However, just as for .he analogous case in the
transient + ATWS PDS, this case could not be mod-
eled by simply setting the probability of event HPME
in the base case SCET to 0.0, because reducing vessel
pressure affects the conditional probability of vessel
breach (event VB) as well. Accordingly, a modified
APET was evaluated and the split fractions in the
SCET were adjusted to match those calculated with
the APET. Similar to the transient + ATWS PDS, the
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Figure §.1. (continued).
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#i

Condional containment failure probabilines for the SBO PDS

Containmeni
Failure Mode

No contmnment

failure
DCH
o mode

Bypass*

Late overpressure

BMT

Conditional Probability

_(SCET)

6.76E~01

1.13E-02

6.13E-03

6.3SE-(3

2 34E-03

2.97E-01

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

Condinonal Probability
_(Reference 4)

6.57E-01

1 66E-02
6.15E-03
6.42E-03
2.58E-03

3. 11E-0]

Table 5.2. Conditional consequences for the SBO accident progression bin’,

Acadent
Progression
e Sk

CDCCAADBACBB
CDCCACDBACBB
CDCDBADBDCBB
CDCDBCDBDCBB
CDCDFADBDCBB
CDCDFCDEDCEB
CDDCAAABACBB
CDDCACABACBB
CDDDBAABDCEB
CDDDBCABDCBB
CFACAAABACBA
CFACACABACBA
CFADBAABDCBA
CFADBCABDCBA
CFCCAADBACBA
CFCCACDBACRBA
CFCDBADBDCBA
CFCDBCDBDCBA
CGACAAABACBA
CGACACABACEA
CGADBAABDCBA
CGADBCABDCBA
CGCCAADBACBA
CGCCACDBACBA
CGCDBADBDCBA
CGCDBCDBDCBA
CHACAAABACEA
CHACACABACBA

Mean Zarly

Futalities

9. 55E+00
7.30E-01
9.55E+00
1.12E+00
9545400
730801
Q SSE+00
7.30E-01
9 55E+00
1.12E+00
1.67E+01
2.96E+01
1.67E+0]
1.72E+02
1.67E+01
2.96E+01
1.67E+0!
1.72E+02
1 67E«01
296E+01
1.67E+0]
1.72E+02
1.67E+0!
2.96E+01
1 67E+01
1.72E+02
1.67E+01
2. 96E+01

Mean Latent
_Faalities

4 24E+03
3.98E+02
4 24E+03
5 98E+02
4 23E+03
398E+02
4.24E+03
3 98E+02
4.24E+03
5 9RE+02
5.18E+03
4 45E+03
S 18E+03
6.86E+03
5. 18E+03
4 45E+03
S 1RE+03
6.86E+03
S IBE+03
4 45E+03
S.1BE+03
6.86E+03
5. 18E+03
4 43E+03
5. 18E+03
6.86E+03
SARE+(3
4 AS5E+03

Mean S5-Mile

Dose

8.21E+06
1. 13E+06
8.21E+06
1. 74E+06
8. 18E+06
1.13E+06
8.21E+06
1.13E+06
8.21E+06
1. 74E+06
9.65E+06
8.23E+06
9.65E+06
1.33E+07
9.65E+06
8.23E+06
9.65E+06
1.33E+07
0.65E+06
8.23E+06
9.65E+06
1.33E+07
9.65E+06
8.23E+06
9.65E+06
1.33E+07
9.65E+06
8.23E+06

Mean 1000-Mile  Mean Ofisite

Dose
_(person-rem)

2.49E+07
2.31E+06
2. 49E+07
1.51E+06
2. 48E+07
231E+06
2.49E+07
2.31E+06
2. 49E+07
3.51E+06
3.07E«07
2.867TE+ 07
3.07E+07
3. 98E+07
3.07E+07
2.6TE+07
3.07E+07
3 98E+07
3.07E407
2.6TE+(7
3.07E+07
3.08E+07
307E+07
2.67TE+07
3.07E+07
3 98E+07
307E407
2. 67TE+07

Costs

ol

1.51E+10
3.08E«+08
1.51E+10
6.30E+08
1.S1E+10
3.08E+08
1.51E+10C
3.08E+08
1.51E+10
6.30E+08
1.99E+10
1. 90E+10
1.99E+10
2.69E+10
1.99E+10
1.90E+10
1.9E+10
2.69E+10
1.99E+10
1.80E+10
1.9E+10
2.69E+10
1.99E+10
i SOE+10
1.9E+10
2.69E+10
1.99E+10
1.90E+10




Tabie 5.2. (continued)

Accident Mean S0-Mile Mean 1000-Mile  Mean Offsite
Progression Mean Early Mean Latent Daose Dose Costs

B Fatalines (person--rem) (person-rem) ($)

CHADBAABDCBA 1.67E+01 SABE+03 9.65E+06 I07TEH7 1. 99E+10
CHADBCABEDCBA 1.72E+02 T.09E+03 1.3RE+07 4. 15E+07 2.79E+10
DADDDABBDBBB 1LOIE+01 4 SOE+03 8 91E+06 2.71E«07 1.70E+10
DADDDCBBDBBB 1. 35E+G0 1 4SE+03 1. 73E+06 9 28E+06 3. 00E+(09
DHACACABACBA 3. 09E+00 2. 14E+03 4 63E+06 i.29E+07 S.95E+09
DHADDABBDBBA 2.28E+01 S.B0E+03 107807 3.45E+07 2.27E+10
DHADDCBBDBBA S ATE«02 9. 58E+03 1.98E+(07 5.72E407 4 41E+10
EFACACABACBA 0.00E+00 133E+00 1. 10E+04 2.00E+04 2 B6E+0S
EFADBCABDCBA 0.00E+30 33BN 1.10E+(d 2.00E+04 2 86E+05
EFCCACDBACBA 0.C0E+(0 2 33E+00 1. 10E+04 2.00E+(4 2 B6E<0S
EFCDBCDBDCBA 0.C0E+00 333E+00 1 10E+04 2.00E+04 2 B6E+0S
BGACACABACBA 467807 1 46E+02 4. 7SE+0S B.77TE+0S 1.01E+08

1.60E-05 2.30E+02 7.53E405 1 44E+06 1. 79E+08

46707 1 46E+02 4.75E+05 8.77E+0S 1.01E+08

1 60E-05 2.39E+02 7.53E+05 1.44E+06 1. 79E+08

0.00E+G0 8.63E-03 2.28E+01 S17E+0] 0.00E+00
FDDDBCABDEBB 0.(0E+00 8.63E-03 2.28E+01 5.17E+01 0.00E+00
FFACACABAEBA 0.00E+G0 B.63E-03 2 28E+01 S 17E+01 0.GOE+(0
FFADBCABDEBA 0.C0E+00 8§ 41E-03 2. 18E+0] 5.04E+01 0.COE<+00
FGACACABAEBA 0.COE+00 R.63E-03 2.28E+0) SATE«01 0.COE+00
FGADBCABDEBA 0.00E+00 841E-03 2.18E+01 S.04E+01 0.COE+)
FHACACABAEBA 9.00E+(0 3.67E-02 1.43E+02 2.15E+02 1.32E+02
FHADBCABDEBA 0.00E+00 367E-02 1 43E+02 2.15E+02 1.32E+02
GDCCAADBAFBB 8 42E+00 4.23E+03 8. 19E+06 2 A4BE+07 1.51E+10
GDCCACDBAGBB 0.00E+00 2.63E-02 9.67E+01 1.38E+02 0.COE+00
GDCDBADBDFBE 8.42E+00 423E+03 5. 19E+06 2.48E+07 1.51E+10
GDCDBCDBDGBB 0.00E+00 2.63E-02 9.67E+0 1.38E+02 G.COE+00
GDCDFADBDFBB B A2E+(0 4 23E+03 8. 19E+06 2 ABE+07 1.51E+10
GDCDFCDBDGRE 0.00E+00 2.63F-02 9.67E+01 1. 38E+02 0.00E+00
GDDCAAABAEBE §.42E+00 4. 23E+03 B 1VE+(6 2.4BE+(07 1.51E+10
GDDCAAABAFBB B 42E+00 4 23E+03 8. 19E+06 2 ABE+07 1.51E+10
GDDCACABAGBB 0.00E+G0 2.63E-02 9.67E+ 1.38E+02 0.00E+00
GDDDBAABDEBB £42E+00 4. 23E+03 8.19E+06 248E+07 1.51E+10
GDDDBAABDFBB 8 42E+00 4 23E+03 B 19E+0% 2488407 1L.5S1E+10
GDDDBCABDGBE 0.00E+00 2.63E8-02 9.67E+01 1.38E+02 0.00E+00
GFACAAABACBA BA2E+00 4 23E+03 §.19E+06 24BE7 1LS1E+10
GFACAAABAEBA RA2E+(0 423E+03 8. 19E+06 2.4BE+07 1.51E+10
GFACAAABAFBA 8 A2E+00 423E+03 8.19E+00 2.48E+Y7 1.51E+10
GFACACABAGBA 0.00E+00 2.63E--02 9.67E+01 1.38E+02 0.00E+00
GFADBAABDCBA 8 42E+(0 423E+03 8. 19E+06 2. 4BE«(07 1.51E+10
GFADBAABIZEBA 8.42E+00 4.23E+03 8. 19E+06 ZABE+)7 1.51E+10
GFADBAABDFBA 8 42E+00 4 23E+03 8. 19E+06 2.48E+(7 1.51E+10
GFADBCABDGBA 0.00E+0(0 2.63E-02 9.67E+01 1.38E+02 0.00E+00
GFCCAADBACBA 8.42E+00 4 23E+02 8. 19E+06 2.48E+07 1.51E+10
GRCCAADBAFBA 8 A2E+(0 423E+03 8.19E+06 2 ABE+(7 1.51E+10
GRFCCACDBAGBA 0.00E+(0 2.63B-02 9.67E+01 1.38E+02 0 00E+00
GFCDBADBDCBA 8.42e+00 4.23E+03 8.19E+06 2 ARE+07 1.51E+10
GFCDBADBDFBA 8.42E+00 4 23E+03 8. 19E+06 2.48E+07 1.51E+10
GFCDBCDBDGBA 0.00E+(0 2.63E-02 9.67E+01 1.38E+02 0.COE+00
GGACAAABACBA 842E+00 4.23E+03 8. 19E+06 2A8E+(07 1.51E+10
GGACAAABAEBA 8 42E+00 4 23E+0" 8. 19E+06 2 48E+(07 1.51E+10
GGACAAABAFBA 8 42E+00 4 23E+( 8. 19E+06 248E+07 1.51E+10
GGACACABAGBA 0.00E+00 2.63E-02 9.67E+01 1.38E+02 0.00E+00




Acadent Mean 50-Mile  Mean 1006-Mile  Mean Offsite
Progression Mean Early  Mean Latent Dose Dose Costs
Bin Fatahies Fatalives (person-4em) (person-rem) ($)
GGADBAABDCBA B 42E+00 423E+03 8. 19E+06 2 48E+07 1.51E+10
GGADBAABDEBA 8 42E+00 423E+03 8.19E+06 2 4BE+07 1.51E+10
GGADBAABDFBA B 42E+00 4.23E+03 B.19E+06 2.4RE+07 1.51E+10
GGADBCABDGBA 0.00E+00 263502 9.67E+)1 1.38E+02 0.00E+00
GGOCAADBACBA B 42E+00 4 23E+03 8 19E+06 2 4RE«07 1.51E+10
GGOCAADBAFBA 8 42E+00 4.23E+03 8 19E-+ 06 2 4BE+U7 1.51E+10
GGOCACDBAGRA 0.00E+00 2.63E-02 9.67TE«0I 1.38E+02 0.00E+00
GGCDBADBDCBA 8 42E+00 4.23E+03 B.19E+06 2 4BE+07 1.51E+10
GGCDBADBDFBA 8 42E+(00 4 23E+03 B.19E+06 2.4RE+07 1.51E+10
GGCDBCDBDGBA 0.00E+00 2.63E-02 9.67E+01 1.38E+02 0.00E+00
GHACAAABAEBA 8 42E+00 4 23E+03 8. 19E+06 2 4BE+07 1.S1E+I{
GHACAAABAFBA 8 42E+00 4.23E+03 8. 19E+06 2 4BE+07 1.51E+10
GHACACABAGBA 0.00E+00 1.52E-01 6.17E+02 B.77E«02 3. B0E+03
GHADBAABDEBA 8 42E+00 4.235E+03 § 19E+06 2 4BE+07 §.51E+10
GHADBAABDFBA 8.42E+00 4 23E+03 B 19E+06 2 48E407 1.51E+10
GHADBCABDGBA 0.00E+00 1.52E-01 6.17TE+)2 8. 7TE+02 31 B0E+03
Table §.3. Annual base case SBO nsk
Mean 50-Mile Mean 1000-Mile Mean Offsite
Mean Eariy Mean Latent Dose Dose Costs
Fatalives Fatalives (person-rem) _ (person-rem) ($)
Reference 4 1E-05 9E-(d 2.1 4k 6E+03
SCET 2E-05 6E-04 1.2 s 2E+03
Relative change 05 15 1.8 14 30
Teble 5.4. Containment failure mode contribution to offeite dose for the SBO PDS
(from SCET)
Contribution to 50-Mlile Contribution to 1000-Mile
Containment Dose Dose
Failure Mode (%) (%)
DCH 22.5 21.7
a mode 498 499
Bypass* 273 285
Laie overpressure € 3
BMT € €

a. Bypass failures include pre-exisung leakage and induced SGTR.
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Table §.5. Conditional containment failure probabilities for the SBO PDS with operator depressurization

(HPME not eliminated)
Comtainmeat Conditional Probability Base Case
Failure Mode (SCET) Conditional Probability
No containment 6.83E-01 6.76E~01
failure
DCH 113E-02 1.13E-02
a mode 5.84E-03 6.13E-03
Bypass* 4.97E-03 6.35E-03
Late overpressure 2.40E-03 2.34E-03
BMT 2.93E-01 2.97E-01

a. Bypass failures involve pre-existing containment leakage.

second sensitivity used a pressure~independent
@ mode failure probability of 8.0 x 104, with no sam-
pling on Question 34 in the APET. The revised SCETs
for these cases are shown in Figures 5.3 and 5.4. The
containment failure probabilities calculated for these
sensiuvity cases are shown in Tables 5.6 and 5.7.

Table 5.8 shows the offsite risk for SBO with inten-
tional RCS depressurization. Table 5.9 shows the
SEO risk for the fully depressurized case with the
draft NUREG-1150 distribution for & mode failure.
Table 5.10 shows the SBO risk with full depressuriza-
tion to <200 psig (no HPME) and a pressure-
independent point estimate @ mode probability
of 8.0 x 104,

As these tables show, depressurization does not sig-
nificantly lower SBO risk unless RCS pressure can
be reduced below the DCH cutoff (assumed in
Reference 4 1o be 700 psig) without increasing the
probabiuity of a mode failure in .he process. In fact,
some nisk measures are increased by depressurization
if the draft NUREG-1150 probabilities of a mode
failure are used, since depressurization in this case
increases the probability of an early release.

5.4.2 Cavity Flooding. The addition - a cavity
Nooding system was analyzed by appror.ately modi-
fying the split fraction of Question 31 in the Zion APET,
turning off sampling for this question, and running
EVNTRE and PSTEVNT to generate the revised SCET
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and ZISOR accident progression bins. Figure 5.5 shows
the revised SCET for SBO with the addition of a cavity
flooding system. Table 5.11 shows the revised condi-
ticnal containment failure probabilities.

Cavity flooding for SBO reduced DCH failures, but
slightly increased \he conditional probability of
@ mode failure and lat. overpressurization. The out-
put from the PSTEVNT runs also showed a very slight
probability of early containn.ent failure as the result of
an ex-vessel steam explosion iollowing vessel breach.
However, the probability of this event was only
~4 x 107, Because EVNTRE is a single-precision
code, such a low probability could simply be the result
of rounu - ff error; therefore, it has not been included
in Table 5.11. Note that the decrease in the condi-
tional DCH failure probability is in contrast to the
transient + ATWS PDS group, where cavity flooding
increased the probability of DCH failure. The explana-
tion for this is as follows. in the SBO PDS group, the
RCS pressure at the time of vessel breach is generally
predicted to be lower than in the transient + ATWS
PDS group. This leads to a lower predicted pressure
rise at the time of vessel breach, which in turn reduces
the probability of DCH failure. Therefore, the effects
of cavity flooding on the probability of DCH failure
appear to be pressure-dependent; if the RCS is at sys-
tem set point pressure at the time of vessel breach, then
cavity flooding appears to exacerbate the threat from
DCH. On the other hand, if RCS pressure is less than
system set point pressure, then cavity flooding may
offer some benefit in mitigating DCH.
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Figure 5.3. SBO SCET with despressurization to <200 psig (no HP"AE) and pressure—dependent & mode probability.
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Teble 5.6. Conditional containment failure probabilities for the SBO PDS with operator depressurization and
pressure-dependent a mode probability
(no HPME)

Containment Conditional Probability
Failure Mode (SCET)

No containment 6.46E-01
failure

0.00
9.15E-03
4 95E-03
Late overpressure 2.36E-03

BMT 3.38E-01

a. Bypass failures involve pre-existing containment leakage.

Toble 5.7. Conditional containme:t failure probabilities for the SBO PDS with aperator depressurization and
pressure-independent point estimate @ mode probability
(no HPME)

Containment Conditnonal Probability
Failure Mode (SCET)

No containment 6.51E-01
{ailure

DCH 0.060
7.41E-04

Bypass® 5.00E-03

Late overpressure 2.99E-03

BMT 3.41E-01

a. Bypass failures involve pre—existing containment leakage.




Table 5.8. Annual SBO risk with intentional RCS depressurization

(HPME not eliminated)
Mean S0-Mile Mean 1000-Mile Mean Offsite
Mean Early Mean Latent Dose Dose Costs
Fatalities Fatalities (pes-n-rem) _ (person-rem) ($)
Base case 1.99E-05 5.87E-04 1.21 3.49 2.34E+03
SCET 1.91E-05 S.38E-04 in 3.20 2.15E+03
% change -4.1 -8.5 -8.2 -8.6 -85
Table 5.8. Annual SBO risk with RCS depressurization <200 psig and pressure-dependent
a mode probability (no HPME)
Mean 50-Mile Mean 1000-Mile Mean Offsite
Mean Early Mean Latent Dose Dose Costs
Fatalities Fatalities (person—-rem) _ (person-rem) ($)
Base case 1.99E-0S 587E-(4 1.21 3.49 2.34E+03
SCET 2.B4E-05 5 85E-04 1.20 347 2.58E+03
~10.1

% change 432 03 09 0.6

Table 5.10. Annual SBO risk with RCS depressurization <200 psig and pressure-independent point estimate

a mode probability (no HPME)

Mean 50-Mile Mean 1000--Mile Mean Offsite
Mean Early Mean Latent Dose Dose Costs
Fatalines Fatalities (person-rem) (person—rem) ($)
Base case 1.99E-05 S.B7E-04 1.21 3.49 2.34E+03
SCET 5.74E-06 1 B7E-04 3.70E-01 1.09 7.48E+02
% change ~71.2 ~68.2 -69.4 68 8 ~68.1
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Table 5.12 shows the SBO nsk with the addition of
the cavity flooding system

5.4.3 Hydrogen Control. Improved hydrogen con-
trol was modeled in the SCET by eliminating late
overpress.'re containment fatlure by setting the prob-
ability for the ‘ower branch of event L-OP to 1.0 for all
sequences. The now conditional containment failure
probabilities are show:. ‘o Table 5.13.

Elimination of hydrogen-induced overpressure fail-
ures provided no reduction in any of the risk measures
used in this repont. This finding i1s consistent with
Reference 4, where late overpressure failure was a
negligible contributor to risk.

5.4.4 Contalnment Verting. As in the LOCA PDS,
containment venting is not evaluated for SBO. See the
discussion of containment venting in Section 3.4.4.

Tebie 5.11. Conditional containment failure probabilities for the SBO PDS with cavity flooding system

Containment Conditional Probability Base Case
Failure Mode (SCET) Conditional Probability
No containment 7.00E-01 6.76E~-01
failure
DCH 6.13E-03 1.13E-02
a mode 6.37E-03 6.13E-03
Bypass® 6.37E-03 6.35E-03
Late overpressure 3.52E-03 2. ME-~03
BMT 2.78E-01 2.97E-01
a. Bypass failures include pre-existing leakage and induced SGTR.
Teble 5.12. Annual SBO nsk with: cavity flooding system
Mean 50--Miie Mean 1000-Mile Mean Offsite
Mean Early Mean Latent Dose Dose Costs
_Fanalities Fatalities (persotr-rem) (person—-rem) ($
Base case 1.99E~05 5.87E-04 1.21 3.49 2.34E403
SCET 1. 81E-05 4 8BE~-04 1.00 2.89 1.99E+03
% change -92 ~-17.8 -17.1 -17.3 -15.1
63




Table 5.13. Conditional containment failure probabilities for the SBO PDS with improved hydrogen control

Containment Condituonal Probability Base Case
Failure Mode (SCET) Conditional Probability

No containment 6.78E~01 6.76E~01
failure

DCH 1.13E-02 11302
o mode 6.13E-03 6.13E-03
Bypass® 6.35E-03 6.35E-03
Lage overpressure 0.00 2.34E-03

BMT 2.98E~01 2.97E-0!

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




6. CONTAINMENT BYPASS SEQUENCES

Reference 4 splits sequences that involve contain-
ment bypass into two PDS groups. The first group,
group 4, is made up of four PDSs in which the initiat-
ing event is SGTR. In one of these PDSs, the second-
ary relief valves stick open, resulting in a release that
bypasses both primary containment ard the secondary
systems. In the other three PDSs, the secondary rehief
valves (o not stick openi. The second group, group 5, 1s
made up of a single PDS, initiated by an interfacing
cystems LOCA (V sequence). This is assumed 10 be a
large break in the low pressure RCS piping outside
primary containment in the auxiliary building.

6.1 Bypass Core Damage
Frequency

For the purposes of the accident progression
analysis in this report, the convention adopted in
Reference 4 of grouping together the V sequence and
the three group 4 PDSs involving SGTR with no
stuck-open secondary relief valves is followed. This
grouping will be referred o as the V + SGTR PDS in
this report. The remaining bypass seguence, which
involves an initial SGTR with the secondary reliet
valves stuck open, will be referred to as the
SGTR PDS. The annual frequencies of these two
PDSs are taken from Table 2.2-3 in Reference 4 and
are listed here for convemence

V +SGTR: 1.69 x 1077 per reactor-year

SGTR: 1.30 x 107 per reactor-year

6.2 Bypass SCET Resuits

One base case SCET was developed for each of the
two bypass PDSs. Figure 6.1 shows the base case
SCET for the V + SGTR PDS, Figure 6.2 the
SGTR PDS alone.

Table 6.1 shows the conditional containment failure
probabilities for the V + SGTR PDS

Table 6.2 shows the analogous results for the
SGTR PDS

6.3 Base Case Bypass
Conseguences

The SCET end states were binned into accident pro-
gression bins and the ZISOR code was again used 10
generate source terms for these bins as described in
Section 2. Conditional consequences were then calcu-
lated for each accident progression bin group with the
MACCS code. As for the previous PDS groups, the
Zion site data and meteorological files were used for
these calculations. The conditional consequences for
each accidet.: nrogression bin are shown in Tables 6.3
and 6.4 for the V + SGTR and SGTR PDSs,
respectively

Tables 6.5 and 6.6 show the annual risk calculated
for the V + SGTR and SGTR PDSs. The risk from
Reference 4 is a combination of the risk from the
V + SGTR and the SGTR PDS groups.

Calculations for this repont slightly overestimate all
risk measures for the SGTR PDS, except early fatahi-
ties, which are slightly underestimated. The higher
values are very likely attributable to the use of point
estimate source terms from ZISOR and the use of a lat-
er version of MACCS than was used for Reference 4.
Most of the risk for the bypass sequences comes from
the SGTR PDS. This result cannot be ascertained from
Reference 4 but is plausible for two reasons. First, as
Table 6.4 shows, the conditional consequences are
generally higher than for the V + SGTR PDS group.
Secondly, the core damage frequency of the
SGTR PDS is significantly greate: than that of the
V + SGTR group. Recall that the SGTR PDS
involves an initiating SGTR with the secondary relief
valves stuck open. This provides a direct release path
to the environment. Sequences in the V + SGTR group
nvolve a V break or SGTR with no stuck-open sec-
ondary relief valves. Therefore, the release path is
through the auxiliary building, providing some decon-
tamination of the release.

6.4 Risk Benefits of Potential
improvements

The nisk benefit of the potential containment peg-
formance improvements idenufied in Reference 2 is
calculaied in thus section.
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Table 6.1. Conditional containment fai'ure probabilities for the V + SGTR PDS

Comtainment Conditional Probability Conditional Probability
_Failure Mode (SCET) (Reference 4)
Everit V only 3 B7E-01 1.00°
Event V+ a 6.58E-03 0.00*
Event V + BMT 2.56E-01 0.00¢
‘ SGTR only 2.24E-01 0.00*
SGTR + ¢ 1.53E-03 0.00*
i SGTR + BMT 1 25E-01 0.00*

a. Reference 4 does not subdivide the containment failure modes for the bypass sequences; all end states are grouped
into the bypass category.

Table 6.2. Conditional comainment failure probabilities for the SGTR PDS

,‘ Containment Condlitional Probability Conditional Probabiliv
_Failure Mode — (SCED) . (Reference 4)
SGTR only 6.42E-01 1.00*
SGTR + « 2.14E-05 0.00°
s SGTR + BMT 3.58E-01 0.00°

a. Reference 4 does not subdivide the containment failure modes for the bypass seorences; all end states are grouped
into the bypass category.

Table 6.3. Conditional consequences for the V + SGTR 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) ($)
} AAADDCBADBBB 2.94E+01 3. B3E+03 7.33E+06 2.30E+07 1.54E+10
i ADADBCAADCBB 2.94E+01 3.83E+03 7.33E+06 2.30E+07 1.54E+10
ADADBCAADFBB 3.01E+01 4 24E+03 8.23E+06 2.58E+)7 1.71E+10
BAADDCBADBBB 1.69E+01 1 43E+03 3.63E+06 8 44E+06 J4A2E+09
BDADBCAADCBE 1.69E+01 1.43E+03 3.63E+06 8.44E+06 3 42E+09
BDADBCAADFBB 1.70E+01 1.56E+03 3.91E+06 9.39E406 3.67TE+09
CDACAAAABCBB 2.95E+00 3.94E+03 7.30E+06 2.35E+07 1.S1E+10
CDADBAAADCEBB 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 LSIE+10
GDACAAAABFBB 2ASE+00 3.91E+03 7.23E+06 2.34E+07 1.50E+10
GDADBAAADFBB 2A45E+00 391E+03 7.23E+06 2.34E+07 1.50E+10
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Tabie 6.4. Conditional consequences for the SGTR accident j.2ogression bins

Accident Mean 50-Mile  Mean 1000-Mile  Mean Offsite
Progression Mean Early  Mean Latent Dose Dose Costs
Bin Fatalities Fatalitics (person-rem)  _ (person-rem) ($)
CDACABBABCBB 4 40E+00 6.95E+03 1.10E+07 4.18E+07 3.70E+10
CDADBBAADCEB 4.41E+00 6.97E+03 1.10E+07 4.19E+07 3.70E+10
DAADDBBADBBB 4 82E+00 7.34E+03 1.16E+07 4. 45E+07 391E+10
DDADDBBADBBB 4 41E+00 6.97E+03 1.10E+07 4.19E+07 3.70E+10
GDACABEABFBB 4 40E+00 6.95E+03 1.09E+07 A.17E+07 3.70E+10
GDADBBAADFBB 4. 40E+00 6.95E+03 1.09E+07 4.17E+07 II+10
Table 6.5. Annual base case V + SGTR rnisk
Mean 50-Mile Mean 1000-Mile Mean Offsite
M n Early Mean Latent Dose Dose Costs
b dties Fatalities (person-rem) __(person-rem) ($)
Reference 4 6E~06 SE-03 104 30.1 3.7E+04
SCET 3E-06 6E~04 1.1 33 2E+03
Relative change 20 83 95 9.1 18.5
Table 6.6. Annual base case SGTR rnisk
Mean 50-Mile Mean 1000-Mile Mean Offsite
Mean Early Mean Latent Dose Dose Costs
Fatalities Fatalities (person-rem) (person—rem) (%)
Reference 4 6E~06 SE-03 104 30.1 4E+04
SCET 6E~06 9E-03 142 542 SE+04
Relative change 0.0 06 0.7 0.6 08
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§.4.1 Enhanced Reactor Yessel Depres-
surizetion Capabllity. As was the case for the
transient + ATWS and SBO PDS groups, intentional
depressunzation via the pressurizer PORVs could not
be accurately modeled with an SCET. Therefore,
depressurization was modeled in the APET using the
revised methodology discussed in Section 4.4.1. The
revised SCETs are shown in Figures 6.3 and 6.4. The
new conditional probabilities of containment failure
are shown in Tables 6.7 and 6 8.

Inteationally opening the PORVs does not change
the overall probability of containment bypass, as the
containment was bypassed by the initiating event. It
can, however, alter the conditional probabilities of
other accompanying modes of containment failure
The most significant of these is the conditional prob-
ability of a mode failure given reactor vessel breach,
which increases in the depressurized case. The effects
of this change on nisk are shown in Tables 6. 9and 6.10

Not surprisingly, depressunization has no effect on
nisk resulting from bypass sequences, even though the
conditional probability of & mode failure is higher in
the depressurized case. The fact that the release
bypasses containment is more impoitant in terms of
offsite nisk than the additiong! containment breach that
results from & mode failure. In other words, « mode
failure is a higher order contributor to risk in the
bypass PDS group

6.4.2 Cavity FioodIng. As for the case of SBO, the
addition of a cavity flooding system was analyzed
by appropriately modifying the split fraction of
Question 1 in the Zion APET, tuming oif sampling for
this guestion, and running EVNTRE and PSTEVNT 1o

generate the revised SCET and ZISOR accident
progression bins. Figures 6.5 and 6.6 show the revised
SCETs for the bypass PDS groups with the addition of
a cavity flooding system.

Tables 6.11 and 6.12 show the conditional contain-
ment failure probabilities with the addition of the
cavity flooding system,

The preceding two tables show an interesting result,
namely the occurrence of DCH failures as 2 result of
having a fiouded cavity at the ime of vessel breach.
This is a result that is very specific to the modeling
assumptions in the Zion APET. Reference 2 discusses
the effects on DCH of having a flooded reactor cavity
but no firm conclusions were drawn, because some
calculations showed a beneficial effect, while others
showed detnmental effects. The effects on risk are
shown in Tables 6.13 and 6.14

As was the case for depressurization, the addition of
a cavity flooding system has an insignificant effect on
bypass risk. The slight reduction in risk for the
V + SGTR group is probably attributable to scrub-
bing of releases from containment after vessel breach
by the water assumed to be present in the reactor
cavity.

6.4.3 Rydrogen Control and Contalnment
venting Improvements in the hydrogen control
system and containment venting were not analyzed for
bypass sequences. An improved hydrogen control
system was not evaluated as no hydrogen bums were
predicted in the base case APET run. Containment
venting was not analyzed because the release bypasses
containment, rendenng containment venting ineffec-
tive as a mitigation strategy.
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Figure 6.4.

SGTR SCET with intentional deg ressurization via the PORVs.




Tebie 6.7. Conditional containment failure probabilities for the V + SGTR PDS with intentional
depressurization via the PORVs

; Containment Conditional Probability Base Case
' Failure Mode (SCET) Conditional Probability
N Event V only 3 87E-01 3 87E-01
Event V + a 6.58E-03 6.58E-03
Event V + BMT 2.56E-01 2.56E-01
’ SGTR ounly 2.16E-01 2.24E-01
- SGTR + a 2.37E-03 1.53E-03
SGTR ¢ BMT 1.32E-01 1 25E-01
bl

¥ . Table 6.8. Conditional containment failure probabilities for the SGTR PDS with intentional depressurization
i; via the PORVs

k : Cor ainment Conditional Probability Base Case

; _Failure Mode (SCET) Conditional Probability
SGTR oaly 6.15E-01 6.42E~01
SGTR + « 6.77E-03 2.14E-05
SGTR + BMT 3.78E-01 3.58E-01

Yable 6.9. Annual V + SGTR risk with intentional depressurization via the PORVs

Mean 50-Mile Mean 1000-Mile Mean Offsite

Mean Early Mean Latent Dose Dose Costs
Fawliies ~Faulities ~ (peson-rem) _(person-rem) ~— ___(§)
Base case 2.74E-06 5.50E~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
73
——_— it ity . . . ———




Table 6.10. Annual SGTR nisk with intentional depressurization via the PORVs

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

Base case 5.72E-00 9.04E-03 14.17 54.23
SCET 5. 72E-06 9.04E~03 14.18 54.24

% change 0.00 0.00 0.00 0.00

Mean Offsite
Costs
i B
481E+04
4 81E+04

0.00
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Table 6.91. Conditional containment failure probabilities for the V + SGTR PDS with addition of cavity
flooding system

Containment Conditional Probability Base Case
Failure Mode (SCET) Conditional Probability

Event V only 4 80E-01 3 87E-01
Event V+a 6.58E-03 6.58E-03
Event V + BMT 1.63E-01 2.56E-01
SGTR only 2.70E-01 2.24E-01
SGTR + & 1.54E-03 1.53E-03
SGTR + BMT 7.62E-02 1.25-01

SGTR + DCH 2.29E-03 0.00

Yable 6.12. Conditional containment failure probabilities for the SGTR PDS with addition of cavity
flooding system

Containment Conditional Probability Base Case
Failure Mode (SCET) Conditional Probability

SGTR only 7.72E-01 6.42E-01
SGTR + ¢ 4 36E-03 2.14E-05
SGTR + BMT 2.18E-01 3.58E-01

SGTR + DCH 6.51E-03 0.00

Table 6.13. Annual V + SGTR 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 2. 74E-06 5.50E-04 1.10 332 2.03E+03
SCET 2.69E-06 5.16E-04 3.08 1.90E+03

% change -1.7 -6.3 -1.3 ~6.2




Taie 6.14. Annual SGTR 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-reim) ($)

5.72E-06 9.04E--03 14.17 €423 4 B1E+(4
5.72E-06 9.04E-03 14.17 5421 4 81E+(4

0.00 0.00 0.00 0.00 0.00




7. SUMMARY OF TECHNICAL FINDINGS

Thus section be gins with a summation of the result
from the previous sections. Table 7 1 presents the con.
posite tisk results for the base case and the improve-
ments and sensitivit <., summed over all plant damage

state roups

Several conclusions can be drawn concerning the
benefits of the potential improvements that have been
examined in this repornt. However, the authors must
preface these conclusions with a very important
caveat, one that was stated earlier but bears repeating
the analysis of improvements performed for this report
is both plani-spec fic and site-specific 1o Zion. These
results should not be applied 1o other large dry PWR
containments without further analysis, with due
consideration given to plant-specific and site-specific
features that can affect the resulis. This having
been swd, we preseit the following conclusions

The benefits to risk of intentional operator depres-
surization cannot be judged conclusively. There apaear
10 be both positive and negative effects to vessel
depressurization. Tirst, vessel brea~h may be prevenied
in snme sequences by intentional depressurization,
since depressurization may allow injection from avail-
able low pressure systems. This is the case, forexample,
in the transient + ATWS PDS group. Depressunzation
also eliminates temperature-induced SGTR, which by -

Tadle 7.1. Composite annual sk results

passes the containment However, depressunzaton re-
duces but daes not eliminate DCH failures for Zaon,
because the capacity of the pressunzer PORVS has not
been shown 10 be sufficient to fully depressunze the
RCS. Funally, if the conditional probabilities of a mode
failure developed for draft NUREG-1150 are used,
then the benefits of depressunzation may be offset by
an increased probability of early contmnment failure,
because draft NUREG- 1150 has judged a mode failure
10 be more likely at low RCS pressures

The eddition of a cavity flooding system yields a
slight reduction in risk but may increase the prob-
ability of DCH failure in some sequences. The effect of
a Nooded cavity on the threat from DCH is not conclu-
sively known. The discussion in Reference 2 appears
10 indicate that the effect may be plant-specific, en-
hancing the threat at some plants while mitigating it &
- 4hers. At any rate, the risk reduction is not significant
for Zion. The benefii in reducing DCH was also found
10 be at Jeust somewhat pressure—dependent. In those
sequences where the RCS 1s likely to be at system
sel point pressure at the time of vessel breach, cavity
flooding was found 10 exacerbate the threat from DCH
On the other hand, in sequences such as SBO, where
the RCS pressure at the time of vessel breach was
likely to be less than sysiem set point pressure, cavity

Mean S0-Mile  Mean 1000-Mile  Mean Offsite

Mean Early  Mean Latent Dose Dose Costs
Faalines _ Fawlities (person-rem ) (person-rem) (%)
Base case 331E-05 1.39E-0 26.3 res S OOE+{M

Depressurization via 3 IRE-05

PORVs
Full depressurization #1 4.12E-05
(no HPME)
Full depressunzation #2 1. 60E-0S
(no HPME )*

Cav.  fooding 3 12E-08

H; control 3 31E-08

1.38E~ 2

1.39E-02

1.09E-02

1.28E-(2

1 39E-02

26.2 839 S93E+04

S ORE+(M

263 84.4

§23E+04

18.7 652

S SRE+04

240 76 .5

26.3 84 6 5 90E+4

a. This case includes the use of a point estimate @ mode failure probab wy of 8.0 x 104




flooding was found 10 be of some benefit in mats
gating DCH. Plooding the cavity does increase the
conditional probability of an ex-vessel steam explo-
sion; howe ver, because ox-vessel sieam explosions are
an insigru ficant threat 10 contwnment integnty at Zion,
this cffect does nol increase offsite nsk

Improvements in the hydrogen control sysiems are
of no benefit in terms of risk. This result is very Zion-
specific. Other plants, particularly those with smaller
subatmosphernic containments, might realize a more
significant risk reduction from hydrogen control
improvemerits

Improvements to reduce the frequency of contain-
ment bypass sequences would provide the greatest
tangible risk reduction benefit. For Zion, contanment
bypass sequences, both the interfacing systems LOCA
and SGTR, contribute very significantly to the annual
offsite nsk. “Front-end” improvements 10 reduce the
incidence of bypass initiators were not analyzed
However, any reductions in bypass frequency would
provide a correspordling reducuon in all nsk measures
Based on a plant visit to Surry, D, C. Williams* men-
tions two possible mitigative strategies. The first of
these is 10 attemnt 1o ensure that the break location in

. D C Williams, "PWR Dry Containment Pars-
metrics: CONTAIN Calculations,” draft letter repon
dated November 27, 1989

the V sequence 1s submerged. The second is & sugges-
ton to reflood the steam generators in the case of
SGTR, in order to ensure that the release from the RCS
is scrubbed through a volume of water. Neither of
these suggestions has been evaluated in thus
repont, because the means 10 do so were unavailable
The :mprovements for Surry were evaluated and a sig-
nificant reduction was found in the early and laent fa-
wality nisk (no doses or offsite costs were calculated)
Both may have the potential 10 genencally reduce the
bypass sequence nsk. However, the efficacy and cost-
effectiveness of these strategies would best be
determined on a plant-gpecific basis

Gradual overpressurization by noncordensible
gases (including steam) is not a threat to containment
integrity for Zion. Cottainment failure by eventuul
overpressurization (time scale of one or more days)
was predicted only in the APET runs made for the
LOCA plant damage state group. Even in these
cases, the conditional probability of eventual over-
pressurization was very small. Again, thus result 1s
Zaoo-gpecific. The conditional probability of late con-
tainment failure as the result of BMT was consider-
able; however, these failures are negligible
contributors 10 offsite rsk

b. ) J Gregory, "PWR Dry Containment Parumet-
nes: NUREG- 1150 Senaitivity Studies for the Suavy

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

ZION APEY, Rev 6, 6 MAR B9 7¢ Quest ions PDS-2 L OCAS
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L 8 fan goolers were eva' lable and have power Now
| fan coolers operete
Eakl L ~ACP
1. 000 0. 00¢
Ditherwise
0.00¢ 1 O
Conteinment Heat R
LECMR

Otherwis
0. 000 00(

of Core Available |
CCl v~ CC ! Cl $ Large means
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b @ -
2 & 3 2 =
a0 $ Case 4 Gravity Pour with EVEE
l Evit kely to distribute sone debris outside contaimment
Evst § But fine particles may meke debris in the cavity noncoo lab le
. 0. 500 0. 500
Otherws \e § Cane 5 Gravity Pour with no EVSE
! D.10( 0 80 s Debris bed s not kely to be coolab ¢
: 50 Does Prompt CC1 Ocourt
T ¢ Prmpt(( nob rel ( $ R'L & b
i ] 3 ¢ ' )
I
i ? Cases
! & LE 3) ok . $ Case ). Coolable Deb1s with Vater r no ¥k nt
ol . ‘ ' 3 prompt CCI Latt sprays are not consigere
’ COb & RC-wet r AcDoVe ¢ novt ) because they may start 2t any time during
0.00( 1. 00 $ and water 15 needed “rom the start
* Ot herw s Net coolable or no wate | ¢ 7. No water in the Reactor Cavity
] ] .00 0.00( 5 or debris not coolable prompt
.o 51 1s AL Power Available Very Late (afte
B \2-RCF ZahCs FACH § 10 bi ¢

| ] [ $ Case 1: Had power initiaily or
“ s re t a'iready Have POwWer nNow
' | <ACH
1 00C {
i 4l ‘ ase ¢ P owe te € nitiea Y
‘ not | verab e
LEACS $ Remainit & have powe ecoverab le
00( 0(
‘ L3 $ . t AW & ! Breas with Secoet
o 4 * £+ o s RRR-RDYH RRR-RDYY oy RER-RDYS
WHR & B-PORY Bre A eclel b Recovery Pe ! & hour
676 n
i Vitherwise 5 se 4 ) other black 1 ases TRRR-REYK KRR -ROYR

| 0.91¢ 0.064 0.0 $ b SZRRR-RaYR - Recovery Per 6 to 24 hours
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113 § Case 2. Fan coolers were fo'led
3 stay falled
LEFC
0.000

4t 1. Fan coolers were évellable

¢ | gnd have power now
L | fan coolers operate
1.000

Otherwise { NO power far
0. 00t 1.000 0. 00! oo lers remain available

44 Very Late Containment Meat Remove
Py L2-CHR L2fOHR

£ : ‘

¢ Cases

i

1. 00

Dtherwise . prays, No Fan Coolers

0. 000 1. no MR
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RC-Dry & AcDeVh Hour, and then CCl Starts. Have Steam and Nor

§3.00
Otherwise Ve 1 ydC( ] ( ( Pebris bed s Coolable and the Cavity is §
1.000 takes Many Hours to Boil OFf the Water before

tact Cont. B No CHR This Cese is Not Realizat
0 b
0.0

much HZ and COZ2 s F
cCl noCC} $§ M2-U7] arameter §
] 4 0 | aramter |(
Cases

noPrmCCl & noD? ydrogen produced by CC! (Kg-mo et n ad
0.00C ] that produced by oxidizing the rest of the
! ludes any CO produced
oxide produced by CCI (Xg-mo les

arge ampunt

nvo tved

Case 3: A moderate amour

COore $ nvoived 1r

g
Otherwise

1.000

37 .00

0c
Hydroger
Rer Parameter 11 $ Both PUIQ
| Fri Parameter 17

Containment has failed
st of the Hydrogen has leaked out Since the
ontainament is elready failed, the fractions
urned and leaked do not matter muct
Fraction of HZ from before VB burned at VB
¢« Fraction of HZ leaked ouvt of containment

$ Case 2: HPML occured at VB, and the conta
not steam-inert. Most of the hydroger
BtmMd notlLokbr Sp VB burned

None of these cases apply when A(
tinuously available See F lammat

3. HPME occured at VB, and the cont
been steam-inert some hydrogen fron
could have burned, but the hydrogen
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il 0.30
12 0.00
3 l o8 3%
. { § o 8" 2
C [ B-S6TR orE-SGTRS3 ) & Pour
1.000
4
1l 0.00
12 0.50
} Otherwise
000
¥ 1 0.00
. 14 0.00
[ 60 Add M2 produced by CCl to w2 already
! ¢ L2-H2 L2nH2
$ ! ¢
‘ € ¢ 4 10
: LrOx-inV H2-CCl coe-CCl
; FUN-HZCC
THRE SH ! 0.001
R L2H2-Cnt def ined in User

0 Amount of Steam in Containment after
1 L2Stmint

4 . .

S ‘ l
' ! ¢ Cases

1 i | 54
| | 1
. L2-CHR
] 3. 000

v :

‘

14 340.00
Otherwise

i 1.000
1 |
i i
| 14 3350.00

| 61 1s the H2 Concentration Flammable?
2 L2-M2t nol. 2 -H2F

g3 ¢ l s
- 2 Cases
4 11 47 19
w | * 4+ \ i
' B-Leak or [-CF or ( E-ACP
1 ] 13
LeHZ-Cnt
"AND
"THRESH' 1 8¢ . 000
#igh Dummy velue
Otherwise
, 13 ‘4
L2H2-Cnt L25Stml
FUN-FLMBL
"GETHRESH' 1 Z2.000
BRNTYP returns 2 for De
62 Does Ignition Ocour?
F LZ-HB nol 2-HB
B | s
J Cases
g 61 51
| " |

$ Case 4: SGTR and Pour
’ lesked out thru the SGIR, but & ge-d portion of the W
5 feom CC1 will remain in the containment

$ Case Intact Contaimnment and no burn
| A1) the Hydrogen generated
b rema ins n Containment

n Containment
$ P13 VIO 61
$ L2H2 in the User Functior

Cnt- Parameter 13 is def ined
11 12 13
FrH2-Brr Frig-Lk LZH2-Cnt

$ Function also adds CO2 to inert gas

Functior
$ PUIQ 6i
$ L25tmint- Parameter 14
$ Case |: CHR Operating
$ 300 kg-moles - celoulated from
$ $2D-Epsilon in BMI-210
s T = 132F, p* 14.2 psia
$ assuming saturation
$ Case 2: Sprays Not Operating
$ 3000 kg-moles - calculated from
$ TMLE <Epsilon in BM]1-2104
$ T = 249F, p= 53.7 psia
$ RIC f

Case 1. lsolation Failure or Cont
Combust ion Not of Interest; or, Had AC
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$ Case 2: Containment Intact
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viting Pressu

L2-H2Rrr
l

Coses
62
4
nol Z-HB
17
dp-L2HB
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"THRESH'

Otherwise
13
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Dunmy Values

Otherwise

4 8
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FUN-LCFFst
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0.700
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re Rise’
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65 Sprays after Very Late CF?

2 F-Sp

¢ 1

3 Cases

2 52
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power always rec
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remaining cases
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1 64 $ Case 2. Catastrophic rupture of containment -
b b} spray feiluze unlikely.
L2CF-CRp $ Use the seme values as in guestion 42
143,41 143,43
Otherwise $ Case 3: No cetastrophic rupture -
1.000 0.000 s sprays operate.
66 Fan Coolers after Very Late CF?
H F-FC FEFC $ RIQ 67
£ 1 2
2 Cases
H 53 $1 $ Case 1: Fan coolers failed or power not recoverable
3+ 3 $ Fan coolers go not operate.
L2fFC or  L2FACP
0.000 1.000 $ Case 2: Fan coolers either were operating, or
Otherwise 5 were svailable and we assume that we
1.000 0.000 $ have power now - fan coolers operate.
67 Containment Heat Removal after Very Late CF7?
2 F-CHR FFCHR $ RIQ (1]
2 1 2
2 Cases
2 65 66 $ Case 1: Have Sprays or Fan Coolers
1 # 1 $ - Mave CHR
F-Sp or F-FC
1.000 0.000
Otherwise $ Case 2: No Sprays, No Fan Coolers
0.000 1.000 $ - No CHR
68 fventua) Basemat Me) (through?
3 MInDePr MTwDePr $ RIQ 70
2 1 2 3
7 Cases
4 11 23 42 64 § Case 1: Contatnment failed already,
1 1 4 4 4 5 8 or no VB - BMT is not of interest
B-Leak or noVB or ICF or L2CF
0.000 0.000 1.000
3 50 L1 65 $ Case 2: Coolable debris bed and sprays operating
g . 1 S < no basemat melt-thru. 1f FCs drained to the
noPrmCC1 & noDldCCl & F-Sp $ cavity, could use F-CHR instead of F-Sp.
0.000 0.000 1.000
2 48 65 $ Case 3: Large fraction of core in CCl, water covered
1, ¥ 1 $ This and the following cases must
Lrg-CC1 &  F<Sp $ have CC! by case 2.
0.300 0.100 0.600
2 48 g 65 $ Case 4. Large fraction of core in CCl, dry cavity.
1 ?
Lrg-CCI & nof-Sp
0.400 0.400 0.200
2 48 & 65 $ Case 5: Medium fraction of core in CCl, water covered
¢ 1
Med-CCI & F-Sp
0.150 0.050 0.800
2 48 % 65 $ Cate 6: Medium fraction of core in CCI, dry cavity
2 2
Med-CC1 & nof-Sp
0.250 0.25C 0.500
Otherwise - Sm1-CCl $ Case 7: Smal) fraction of core in CCl, wet or dry.
0.025 0.025 0.950
65 Eventua)l Overpressure Failure of Containment?
2 F-CF-OP noFCFOP $ RIQ 70
2 1 2
3 Cases
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APPENDIX B

REALIZED APET SPLIT FRACTIONS
FOR THE ZION LOCA PDS GROUP
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APPENDIX B

Realized APET Split Fractions
for the Zion LOCA PDS Eroup

This Appendix lists the realized split fractions from a sampling
evaluation of “he Zion LOCA APET. The evaluation consisted of 150 Latin

Hypercube Sampies, with the questions sampled according to the input sampling

files obtained from BNL.

Realized LOCA split fractinsns, 150 LHS, base case

TREE 10
# OF QUESTIONS
OBSERVATIONS
FOR SERT"
SEQUENCE

QUESTION
Q-TYPE/TIMES ASKED
BRANPHES

REALIZED SPLIT

ThAAAR RN

QUESTION
Q-TYPE/TIMES ASKED
BRANCHE S

REALIZED SPLIT

ARARRARN

QUESTION
Q-1YPE/TIMES ASKED
BRANCHE S

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION

CASE /BRANCH SP. 17

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION

CASE /BRANCH SPLIT

sakeaRRR  OUESTION
Q-TYPE/TIMES ASKED

Br

72

180

1

!

1
K~

no truncation

Z10N APET, Rev 6, 8 MAR B9 - 72 Questions - PDS-2, LOCAS

CET FINAL SAMP
PDS-2, LHS

Size and Location of RCS Break wien the Core Uncovers”
INDEP . INPUT PROB 300
Bri-A Brk-52 B-SGIR
] 2

4.600E-02 9.540€-01

Brk-53 Brik-V B-PORV
3 4 5 6

0.000E+00 0 000E+00 0.000E+00 0.000E+00

For SGTR, are the Secondary System SRVs Stuck Open?
INDEP . INPUT PROB 300
SSRV-5t0  SSRVNStO
1 2

0.000E+00 1.00GE+00

Status of ECCS?
DEP. INPUT PROB 900
B-ECCS BaECCS BFECCS B-LPIS B1ECCS
| 2 3 o 5
0.000£+00 |.B40E-05 9.258E-01 2.862E-04 7.393E-02

SUMMARY BY CASE

4

A
000E+00 1 03 0.000E+00 4.016E-02

9.540€-01




BRANCHES

REALIZED SPLIT

CASE NUMBER /SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT:
CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

ARARAR SR

QUESTION
O-TYPE/TIMES ASKED
BRANCHE S

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

ARAARAAN

QUESTLON
Q-TYPE/TIMES ASKED
BRANCHE S

REALIZED SPLIT

RARRAAAR

QUESTION
Q-1YPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT
CASE NUMBER/SPLIT
DEPENDENCIES
REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

RARERNAR

QUESTION

B-Sp
|
000E+00
CASE

600€ - 02

600E-02

540€-01

BaSp BfSp noB-SEHX  BASp BCSp
2 3 4 5 6
0.000E+00 ©.000E+00 O.000E+00 0.000E+00 O 0OOE+00

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Otherwise

540£-0)

0.000£+00 2.000£+00 O.0COE+00 0.000E+00 O.000E+00

§ Status of Fan Coolers?

DEP . INPUI
B-FC

l
5.5556-01

SUMMARY BY CASE

9.540£-01

5.097¢-01

4 600E-02
Otherwise
4 582E-02

Status of AC
InDEP . INPUT
B-ACP

1.000E+00

RWS1
DEP. INPUT

RWST-1In
§.943t-01

SUMMARY BY CASI

1 B
\
1

). S40F - (

Remova |

PROB

BafC BfFC
2 3
3.4536-03 4.4]0€-0)

3,434E-03

1.840€-05 |

Power’
PROB
BaACP BFACP

& »
0.000E+00 0.000E+00

Injected into Containment?
PROB

RWSTaln  RWSTfIr

(1

5.658E-03

00E+00

from the Steam Generators?

B-4




Q-TYPE/TIMES ASKED
BRANCHE S

REALIZED SPLIT

CASE NUMBER/SPLIT
DESC IPTION
CASE/BRAN # SPLIT

REARREAN ou[s'lo“
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIY
DEPENDENCIES

RECQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

AR RRRS OU[S‘ION
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCPIPTION
CASE/BRANCH SPLIT

QUESTION
Q-TYPE/TIMES ASKED
BRANCHES

REAL'ED SPLIT

AREARAEAN

QUESTION
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

DEP. INPUT PROB 4050
S5-HR SGatiR SGFHR SGAHR
1 2 3 4
1.0006+00 0,000E+00 0.000E+00 0. 00DE+00

SU “ARY BY CASt

4 1.000E+0¢
Otherwise
1.000E+00 €

$ Case 2: A1) other brea

000E+00 0.000E+00 0.000E+0C

8 Did the Operators Depressurize the Secondary before the Core Uncovers? §

DEP. INPUT PROB 4050
SecDePr  noScDePr
1 2

1.000£+00 C.000E+00

SUMMARY BY CASE

¢ 9.540E-01
1
s
Brk-52
9 .5406-01 0.000E+00
3 4 .600£E-02
Otherwise $ Case 3: A1) other break sizes

4.600E-02 0.000E+00

10 Cooling for RCP Seals? $
DEP. INPUT PROE 8100
B-PSC BaPsC BFPSC
l %

S
e $
7.716E-02 0.000E+00 9.228E-Cl

SUMMARY BY CASE

1 4 600€-02
1
1
Brk-A
4,.5686-02 0.000E+00 3.220E-04
2 9. 540€-01
1
2
Brk-S2

3.148E-02 0.000E+00 9.225¢-01

11 Initial Containment Leak or Isolation Fai
INDEP . INPUT PROB 162
B-Leak noB-Leak
1 2
§.000€-03 9.950£-01

12 Event V - Break Location un er
INDEP. INPUT
V-wWet

Water
PROB 16200

V-Dry

] Y,
5.000E-01 5.000E-01

B-5




LA AR L]

QUESTION
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

ARRRRR AR NUESTION
Q-TYPE/TIMES ASKED
BRANCHES

REALTZED SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

ERRARRY A

Q-TYi:/

QUESTION
TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION

CASF /BRANCH SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

vaananan QUESTION
Q-TYPE/TIMES ASKED

BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES
REQ. BRANCHES

13 RCS Pressure at the Start of Core Degradation?

DEP. INPUT PROB
E-S5Pr E-HiPr

-

£

1
0.000E+00 0.0COE+00

SUMMARY BY CASE

1 4 600€-02
1 i
| + <
k-A Brk-v
0.000E+00 0.000E+00

Br

8. 540£-0]
8

1
4

SecDePr
0.000E+00 0.000E+00

14 Do the PORVs or SRVs
DEP. INPUT PROB
PORV-StD PORVNStOD
1 2
0.000E+00 1.000£+00

SUMMARY BY CASE
4 1.0™0E+00

Otherwise
0.000E+00 1.000E+00

15 Temperature-!nduced RCP

DEP. INPUT PROB
EB-PSS3 noEB-~P3Ff

1 )
4 <

5.5376-01 4.463E-01)
SUMMARY BY CASE

-

16 Is the RCS Depress:
DEP. INPUT PRO
PrmDePr

\
5.000¢
SUMMARY BY CASE

0 .997f

4
4

E«lmPr E-LoPr
3 4
6. 540£-0) 4.600E-02

0.000E+00 4 60OE-02

§.540E-0]1 0.000E+00

ick Cpen?

$ Case

)

RCS not at setpoint pres

Seal Fai) ? (After core uncovering)

$ Case 4

RCS at IM or low pressur

zed before Breach by Opening the PZR PORVs?




DESCRIPTION:
CASE/BRANCK SPLIT:

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

SREARRRS

QUESTION
Q-TYPC/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE /BRANCH SPLIT

RARRARER

QUESTION
Q-TYPE/TIMES ASKED
BRANCHE S

REALIZED SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

ARAARR AR

QUESTION
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

AARARARR

QUESTION
TIMES ASKED
BRANCHES

Q-TYPE

REALIZED SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIY

ARRRRAAS

QUESTION
Q-TYPE/TIMES ASKED
BRANCHES

B-ACP /B-LP1S  /B-ECCS

5.000E-01 4.997¢-0)

?.862E-04
Dtherwise
0.000£+00 2.862E-04

Opening the PORVs i

17 Temperature-Induced Hot Leg or Surge Line Break?

DEP. INPUT PROB

EB-HLA notB-HLA
1 ¢

1.000E-03 9 8980£-01

SUMMARY BY CASE

3 1.000E+00
Otherwise -- noSSPr
1.000£-03 9.990E-01

18 Temperature- Induced SGTR?
DEP. INPUT PROB
[£-SGTRS3 nofE-SGTR
i .
0.000E+00 1

4
000E+00

SUMMARY BY CASE

2 1.000E+00
Otherwise
0.000E+00 1.000E+00

61200

19 1l AC Power Available Early (Between Uncovering TAF & VB-30 min)

DEP. INPUT PROB
E-ACP EaACP EFACP

| 2 3
1.000E+00 0.000E+00 0.000E+00Q

SUMMARY BY CASE

1.000€+00

1.000£+00 0.0COE+OC

0.000€E+0C

20 After Power Recovery,
DEP. INPUT PROB
E-RECC not -RECC

s

l 4
0.000E+00 1.000€+00

SUMMARY BY CASE

3 1.000E+00
Otherwise
0.000E+00 1.000E+00

’1 Rate of Blowdown to Containment? [ This
DEP. INPUT PROB
EBD-A EBD-S2 £50-53

Is Coolant Injection Re-Esta

61200

$ Case 2

is blowdown before
£1200
VIiEVV

61200

ished Prompt

Power

t restored

vesse| bre




REALIZED SPLIT:

'CASE NUMBER/SPLIT:
DEPENDENCIES .

RED  BRANCHFS
DESCRIPTION:

1 2
4.698E-02 §.

SUMMARY BY CASE

1

1

!
Bri-A

TASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES:
DESCRIPTION:

3

i

2
Brk-$2

CASE/BRANCH SPLIT:

RAARARRS

QUESTION:
Q-TYPE/TIMES ASKED:

BRANCHES :
REALIZED SPLIT:

< ST NUMBER/SPLIT:
GEPENDENCIES:

REQ. BRANCHES:
DESCRIPTION:

CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES:
DESCRIPTION:

CASE/BRANCH SPLIT:

LA

QUESTION:
Q-TYPE/TIMES ASKED:

BRANCHES :

REALIZED SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES :
REQ. BRANCHES:

DESCRIPTION

CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES :

REQ. BRANCHES:
DESCRIPTION:

CASE/BKANCH SPLIT.

CASE NUMBER/SPLIT.
DEPENDENCIES:
REQ. BRANCHES:

DESCRIPTION

+

+

4.695€-02
17
1
EB-HLA

SRl My NSRS G

4

3
S31E-01 D.000E+00 0.000E+00

4.695E-02 0.000E+00 0.000E+00 0.000t+00

9.531E-01
14 16
1 + 1
PORV-5t0 PrmDePr

0.000E+00 8.531E-01 0.000F+00 0.000£+00

1=imPr
3

61200

“LoPr
4

0.000E+0C 0.000E+00 9.612E-02 9.039€-01

16
1
PrmDePr

-

14

1))
PORV-510

0.000E+00 0.000£+00 0.000E+00 5.235E-01

0.000£+00 0.000E+00 9.612E-02 3.804E-0!

No Vesse) Breac \?

3
1)
B-ECCS

22 Vesse) Pressure just before Breach?
DEP  INPUT PROR.
1-8SPr 1=HiPr
1 2
SUMMARY BY CASE
1 5 235¢-01
2l 1 1
1 + 4 + 2 *(
EBD-A grk-v Brk-52
2 4.765€-01
21
2
£BD-52
23 ls Core Damage Arrested?
DEP. INPUT PROB.
neVe VB
l
2.227E-04 9 998E-01
SUMMARY BY CASE
: 9.256E-01
19 3
/1 + 3
¢ /E-ACP BFECCS
0.000E+00 9. 258E-0]
3 2.290E-014
22 3 22
(4 g &) ot f) ¢
1<LoPr B-LPIS /1-85"r
2.061E-04 2. 770E-05
4 7.399¢€-02
3
/2
: /BakCCS

CASE/BRANCH SPLIT:

0.000E+00 7.399€-02

B-8

78840



CASE NUMBER/SPLIT:

DESCRIPTION

CASE/BRANCH SPLIT:

ERERRRRR

Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT:

CASE NUMBER,/SPLIT
BEPENDENCIES

" “NCHES
DESCRIPTION
CASE/BRANCH SPLIT

AAERREAR

Q-TYPE/TIMES ASKED
BRANCHES

REAL1ZED SPLIY

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION

CASE/BRANCH SPLIT:

RRERERAR

QUESTION
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SF .IT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

QUESTION:

QUESTION:

1.840E-05
Otherwise - B-PORV
1.656E-05 1.840F-06

Early Sprays?
DEP. INPUT PROB
t-Sp taSp EfSp
| 4 3
1.000£+00 0.000E+00 0.000E+C2

SUMMARY BY CASE

1.000F+00
4 B
5 + 6
BASp BCS
000E+00 0.000E+00 0.009E+00

¢S5 Early Fan Coolers?
DEP. INPUT PROB
E-FC EafC EfFC
1 2 3
5.590E-01 0.000E+00 4 410£-01

SUMMARY BY CASE

5.556E-01

556E-01 0.000E+00 0.000E+00

410£-01

000E+00 9.000E+00 4 .410E-01

453£-03
18
1
E-ACP
3.4536-03 0.000€+00 0.000E+00

26 Early Containment Heat Removal?
DEP. INPUT PROB

£-CHR EfCHR
1 2
5.590€-01 4.410E-01

SUMMARY BY CASE

1 §.590E-01
25
1
E-FC
5.590€-01

410L-01
Dtherwise
U00E+00 4 .410E-0!

$ Case §

$ Case 2

Initial AFW & no Break,

No Sprays, No Fan Cocler




RARERRAS outs‘lm
Q-TYPE/TIMES ASKED:
BRANCHES :

REAL1ZED SPLIT:

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLITY

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES:

DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

AARRArnn QutSYION
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANZHES
DESCRIPTION
CASE/BRANCH SPLIT

AARRAARR QUESTION
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

27 Baseline Containment Pressure just hefore VB?

DEP. INPUT PROB. INPUT PARM 78840
1PBase
|
1.000E +0N
SUMMARY BY CASE
| 2.227E-04
21 23
4 + 1
not B noVB
2.227E-04
2 5 589E-01
26 4
1 v /4
E-CHR /noB - SEHX
5 588E-01
3 6.0176-04
26 21
2 " ]
EfCHR EBD-A
6 0176-04
4 4 403E-0)
Otherwise $ Case 4
4.403€-01
28 Time of Accumulator Discharge?
DEP. INPUT PROB 78840
AcDbCM AcDdCM AcDave
1 2 3

1.0C0E+00 0.000E+00 0.000E+00

SUMMARY BY CASE

1 1.000E+00
13 13 B q
3 - 4 +( 4 b 1)
E-~ImPr E-LoPr SGUHR SecDePr
1.000€+00 0,000E+00 0.000E+00

No sprays and no large b

29 Fraction of Ir Oxidized In-Vessel during Core Degradation?

DEP. INPUT PROB. INPUT PARM 78840

ZrOx~InV
1
1.000E+00

SUMMARY BY CASE

5 9.540€-0]
13 28
3 DR |

E~ImPr  /AcDdCM

9.540E-01

7 4 600E~02
Otherwise - E-LoPr
4 .600€-02

$ Case 7: Low RCS Pressure (<200 psia)

i
1
b
i
i




rhRAERRD

QUESTION:
Q-TYPE/TIMES ASKED:
BRANCHES

REALIZED SPLIT:

EARRRARD

QUESTION:
Q-TYPE/TIMES ASKED:
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT:
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE KUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

RAEARERARS

QUESTION
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

ERRRARAR

QUESTION
Q-TYPE/TIMES ASKED
RUANCHES

REALIZED SPLIT

RRARAERS

QUESTION
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT:
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH 3PLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

Amount of 2r Oxidized In-Vesse) during Core Degradat ion?
INDEP. CALC. PROB

4 .976E-01

Hi=2r0x
1

Lo-2r0x

¢
5.025€-0)

78840

Amourit of Water in the Reactor Cavity at Vesse | Breach?

DEP

SUMMARY B

1

7

3 B
AWSTfIn

6 .944£-01 0.000E+00

INPUT PROB

RC-Wet RC-Dry
i 2

i
9.944E-C] 5.658E-03

Y CASE

5.658E-03
7 19
L ® L)
RWSTaln /E-ACP
0.000E+00 5.658E-03

9 844E-01
Otherwise

78840

$ Case 2: RWST injected or sprays

Fraction of Core Released from Vessel at Breach?

IND

EP. INPUT PROB
FCorRe)

1
1.000E+0C

INPUT PARM

78840

Amount of Core Relcased from Vessel at Breach?

IND

EP. CALC. PROB
Hi-FCoR  Md-FCoR
1 2
2.667E-01 4.467E-0)

.

Lo-FCoR
ki

2.867£-01

78840

Does an Alpha Mode Event Fail both the Vessel and the Containment?

DEP

SUMMARY BY

INPUT PROB
Alpha noA ipha

1 4
8.146E-03 9.919E-01

CASE

037¢-01
22
4
1=LoPr
070£-03 8.956E-01

9.612E-02

22
/4

/1-LoPr

689E-05 9.604E-

227€-04
Otherwi
).000E+00 2

§ Case 3

105636

Core Damage Arrested, no




LA LR R R

QUESTION
Q-TYPE/TIMES ASKED
BRANCHE S :

REALIZED SPLIT:

CASE NUMBER/SPLIT
DEPENDENCIES
REQ. BRANCHES

DESCRIPTION:
CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANUH SPLIT

RRERAARN

QUEST 10N
Q-TYPE/TIMES ASKED

BRANCHES

REALIZED SPLIT:

CASE NUMBFR/SPLIY
DESCRIPTION
CASE/BRANCH SPLIT

ARARAERE

QUESTION
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SP_1T

KRR RRARR

QUESTION
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

35 Type of Vesse)l Breach?

DEP

INPUT PROB
PrE) Pour
1 2

6.153€-02 9.391£-01 1.082i-03

SUMMARY BY CASE

1
23
| B
noV8

22

1-1mPr

36 Does the Vesse! become a "Rocket'

8.368E-03
34
1
Alpha

0.000E+00 O.000E+00 0.000E+00

9.604C-02

5.153E-02 4 .346E-02 1 .052E-03

8.956E-01

Bimhd
3 4

Otherwise - |-LoPr

0.000E+00 B.956E-01 0.000E+00

DEP. INPUT PROB

Rocket noRocket
1 2
0.000E+00 1.000€E+00

SUMMARY BY CASE

(4

37 Size of Hole in Vessel (after Ablation)?

1.000E+00
Otherwise
0.000E+00 1.C00E+00

DEP. INPUT PROB

LrgHole SmiHole
l

9.485€-01 5

—

§3E-02

SUMMARY BY CASE

]
35

l
PrE )

38 Pressure Rise at Vessel
DEP. INPUT PROB

$.153E-02

0.000E+00 5.153E-02

9. 485E-01
Otherwise
9.485E-0]1 0.000E+00

oP-vB

1

1.000€+00

SUMMARY BY CASE

$ Case 2: Not BtmMd & SSPr - Rocket Not Credib

$ Case 2

Breuch”

INPUT PARM

noVBoA

8.369€-03

8. 369€-03

0.000E+00

Not HPME

106320

0.000E+00

106320

106320

$ Case &

and Fail the Containment?

- Large riole

Large Hole Cases

-12

106320

or

RCS

' '
irreievant

at Low P




CASE NUMBER/SPLIT: 1 2.227E-04
DEPENDENCIES 23
REQ. BRANCHES: i
DESCRIPTION: noVB
CASE/BRANCH SPLIT: 2.227€-04

CASE NUMBER/SPLIT: 2 8. 1468 -03
DEPENDENCIES: 34 36
REQ. BRANCHES P
DESCRIPTION: Alpha Rocket
CASE/BRANCH SPLIT B.146E-03

CASE NUMBER/SPLIT 3 §.3981€-01
DEVENDENCIES: 27 35
REQ. BRANCHES § . 2
DESCRIPTION: I-LoPr Pour
CASE/BRANCH SPLIT: 9.381E-01

CASE NUMBER/SPLIT: 4 5.153€E-02
DEPENDENCIES 37
REQ. BRANCHES 2
DESCRIPTION: SmlHole
CASE/BRANCH SPLIT 5.153€-02

CASE NUMBER/SPLIT 5 3.689E-04
DEPENDENCIES: 22 3l 33
REQ. BRANCHES: 3 . 1 » 1
DESCRIPTION: 1-ImPr RC-Wet Hi-FCoR
CASE/BRANCH SPLIT: 3.689E-04

CASE NUMBER/SPLIT 6 2.977E-04
DEPENDENCES 22 31 33
REQ. BRANCHES 3 " l . 2
DESCRIPTION: [-ImPr RC-Wet Md-FCoR
CASE/BRANCH SPLIT: 2.877C-04

CASE NUMSER/SPLIT 7 3.850E-04
DEPENDENCIES 22 3 33
REQ. BRANCHES 3 ” 1 n 3
DESCRIPTION: 1-ImPr RC-wet Lo-FCoR
CASE/BRANCH SPLIT: 3.850c-04

Amkanwa®  QUESTION 39 Pressure Rise at V'ssel Breach? Small Hole Cases
Q-TYPE/TIMES AZKED DEP. INPUT PRIB. INUT PARM 106320
BRANCHES pP-ve
1
REALIZED SPLIT 1.000E+00

SUMMARY BY CASE

CASE NUMBER/SPLIT 1 9.485E-01
DEPENDENCIES 37 23 34 22 36
REQ. BRANCHES 1 + l + 1 + B * i
DESCRIPTION: LrgHole noVB Alpha [-LoPr Rocket
CASE/BRANCH SPLI1T 9 .485E-01

CASE NUMRER/SPLIT 2 1.808E-02

DEPENDINC LES 22 31 33
REQ. BRANCHES 3 » l . 1
DESCRIPTION: [1-ImPr RC-wet Hi-FCoR
CASE/BRANCH SFLIT 1.808E-02

CASE NUMBER/SPLIT 3 1.459€-02




DEPENDENCIES :

REQ. BRANCHES :
DESCRIPTION:
CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT.
DEPENDENCIES :

REQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

LAREE R

REALIZED SPLI™:

CASE NUMBER/SPLIT:
DEPENDENCIES :

REQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DESCRIPTION:
CASE/BRANCH SPLIT:

ARRAAR AR

REALIZED SPLIT:

AERA R R 22

REALIZED SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES
DESCRIPTION:
CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DESCRIPTION:
CASE/BRANCH SPLIT:

HREAARAS

REALIZED SPLIT:

QUESTION:
" TYPE/TIMES ASKED:
BRANCHES :

QUESTION:
Q-TYPE/TIMES ASKED:
BRANCHES :

QUESTION:
Q-TYPE/TIMES ASKED:
BRANCHES :

QUESTION:
Q-TYPE/TIMES ASKED:
BRANCHES :

2 31 33
Sy BR[OS S |
I-lmPr  RC-Wet  Md-FCoR
1.459€-02
4 1.886E-02
22 31 33
$ai® b MR |
I-lmPr  RC<Wet  Lo-FCoR
1.886E-02

40 Does a Significant Ex-Vesse) Steam Explosion Ocour?

DEP. INPUT PROB.
EVSE nofVSE
1 2
4.667€-01 5.333E-01
SUMMARY BY CASE
1 9.335€-01
3l 38
i " 2
RC-wet Pour

4 667E-01 4.657E-0)
2 6.655E-02

Otherwise -- No EVSE

0.000E+00 6.655E-02

4] Containment Failure Pressure?

INDEP. INPUT PROB.
CF=Pr
1
1.000E+0N

INPUT PARM.

145236

$ Case 2: Alpha Mode, or Rocket, o

145236

42 Containment Failure, and Type of Containment Failure?

ICF-Leak no-ICF
3 4

145236

ICF-Shear
[ 3

0.000€+00 B.147E-03 1.436E-03 9.904E-01 4.681E-5

0.000E+00 B8.147€-03 0.0006+00 0.000£+00 . .00E+CO

DEP. CALC. PnOB.
ICF<CtRp ICF-Rupt
1 2
SUMMARY BY CASE
1 8.147€-03
34 36
1 + 1
Alpha Rocket
2 9.819€-01
Otherwise

$ Case 2:

0.000E+00 0.000E+00 1.436E-03 §.904E-01 4.681E-05

43 Sprays after Vessel Breach?

DEP. [NPUT PROB.
12-Sp 12aSp
1 2

12fSp
3

9.919E-01 0.000€+00 8.147£-03

SUMMARY BY CASE

145236

$ ( The 5 to 30 minute



CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANFHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

AEAARERR

CASE NUMBER/SPLIT:
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION:
CASE/BRANCH SPLIT:

RRARAAAR

REALIZED SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

RAERRRER

REALIZED SPLIT:

CASE NUMBER/SPLIT

DEPENDENC]-S:

REQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES:

QUESTION:
Q-TYPE/TIMES ASKED:
BRANCHES :

REALIZED SPLIT:

QUESTION:
Q-TYPE/TIMES ASKED:
BRANCHES :

QUESTION:
Q-TYPE/TIMES ASKED:
URANCHES :

1 8.1476-03
24 34 36
3 = 1 + 1
EfSp Alpha Rocket
0.000E+00 0.000E+00 B.147E-03
3 6.919E-01
24 42
1 P |
E-Sp /1CF-CtRp
9.919E-01 0.000E+00 0.000E+00
44 s AC Power Available Late (during CC1)?
DEP. INPUT PROB.
L-ACP LaACP L FACP
1 2 3
1.000€+00 0.000E+00 0.000E+00
SUMMARY BY C:SE
1 1.000€+00
19
1
E-ACP
1.000E+00 0.000E+00 0.000E+00
45 Late Sprays? (during CCI)
DEP. INPUT PROB.
L-Sp LaSp LfSp
1 ? 3
9.919E-01 0.000€+00 &.147€-03
SUMMARY BY CASE
1 9.9189€-0!
43
1
12-Sp
9.918€-01 0.000E+00 0.000E+00
2 8. 1476-03
43
3
12fSp
0.000E+00 0.000E+00 8.147€-03
46 Late Fan Coolers?
DEP. INPUY PROB.
L-FC LafC LfFC
1 2 3
5.580E-01 0.000£+00 4 . 410E-01
SUMMARY BY CASE
1 5.590€-01
25
1
E-FC
5.590€-01 0.000€+00 0.000£+00
¢ 4.410€-01
25

B-15

145236

145236

145236



REQ. BRANCHES
DESCRIPTION:

CASE/BRANCH SPLIT

RRERARRR QU{S‘IO“
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT:

DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

RAEARAR LS OUKSYION
Q-TYPE/TIMES ASKED
BRANCHE §

REALIZED SPLIT

CASL NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
OESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

3
EfFC
0.000E+00 0.000E+00 4.410E-01

47 Late Containment Heat Removal?
DEP. INPUT PROB
L-CHR LfCHR
1 2
;. 580£-0]1 4.410E-01

SUMMARY oY CASE

1 5.590E-01
45
1
L-FC
§.590€-01 0.000€+00

4.410€-01
Otherwise
0.000E+00 4.410E-01

48 Amount of Core Available for CCI?

DEP. INPUT PROB
irg-CC1  Med-CClI  Smi-CCI
1 2 3
250E-01 2.749E-01 2.227E-04

CASE

147€-03
36
1
Rocket
000E+00 8.147€-03 0.000£+00

2276-04

000E+00 0.000€+00 2.227E-04

334€-02
35 2? 33

3 SRR 7 1 ) R R |
Btmid /1<LoPr  /Lo-~FCoR
000E+00 3.334€-02 0.000E+00

BtmHd /1-LoPr Lo-FCoR
925€~02 0.000E+00 0.000E+00

668E-01

35 22 i

3 4)) *
Btmhd [-LoPr EVSE
334E-01 2.334E-01 0.000€+00

124t -01
Otherwise
724E£-01 0.000E+00 0.000E+00

145236

$ Case 2: No Sprays, No Fan Cooler

184152




AhRRkbarR

QUEST "OM
Q-TYPE/TIMES ASKEN

BRANCHES :

REALIZED SPLIT

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES
DESCRIPTION

CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION

CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION

CASE /BRANCH SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

YRR ARS

QUESTION
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

REAARR RN

QUESTION
Q-TYPE/TIMES ASKED
BRANCHE

REALIZED SPLIT

SUMMAR

1

34

1
Alpha

50

SUMMAR

SUMMAR

Is the Debris Bed in a Coulable Configuration?
DEP. INPUT PROB 350664
coB noCDB
| 2
3.1206-01 6.873E-0)
Y BY CASE
8.148BE-03
36
1
Rocket
703€-03 2.444E-03

227E-04

2.2276-04 0.000E+00

BtmMd /1=LoPr
C30€-02 2.630£-02

668E-01

WeF-
T24E-01

Otherw. s

724E-02 4.252E-01

Case 5

re
(L

INPUT PROB
PrmptCCl  noPrmCCl

Does Prompt
DEP

Qcour?
350664

. 4
6.879€-01 3.122E-01

Y BY CASE

3.122t-01
31 O
*( 1 + 3))
RC-Wet AcDaVve
0.000E+00 3.122E-01

6.879€-01
Otherwise -- Not coolable or no water
6.879e-01 0.000E+00

Is AC Power Available Very Late (after CCI)7
DEP. INPUT PROB 350664
L2-ACP |
|

2aAlP
1.000E+C0 0.000E+00 0

L2FACP
000E-+00

Y BY CASE

Gravity Pour with no EVS

$ Case 2

No water Ir




CASE NUMBER/SPLIT:
DEPENDENCIES :

REQ. BRANCHES:

i DESCRIPTION:
CASE/BRANCH SPLIT:

ARARaRes  QUESTION:

Q-TYPE/TIMES ASKED:
BRANCHES :

REALIZED SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES:
DESCRIVTION:
CASE/BRANCH SPLIT:

CASF NUMBER/SPLIT:
D_.PENDENCIES:

PcQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

R RS B MSTIM.
Q-TYPE/TIMES ASKED:
BRANCHES

REALIZED SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT.

senseras  QUESTION:
Q-TYPE/TIMES ASKED:
BRANCHES

REALIZED SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:

1 1.000€+00
44
1
L=ACP
1.000E+00 0.CO0E+00 0.000E+00
§2 Very Late Sprays?
DEP. INPUT PROB. 350664
L2-Sp L2aSp L2fSp
| 2 3
9.910E-01 0.000E+00 B.147E-03
SUMMARY BY CASE
1 8.818€-01
45
1
L-Sp
9.91GE-01 0.000E+00 0.000E+00
¢ B.147¢-03
45
3
LfSp
0.000£+00 ©.000E+00 8.147E-03
53 Very Late Fan Coolers?
DEP . INPUT PROB. 350664
L2~FC L2aFC L2fFC
1 2 3
5.590E-01 0.000E+00 4 411E-01
SUMMARY BY CASE
1 5.560€-01
46
1
L<FC
5.590€-01 0.000E+00 0.000E+GO
2 4 411€-01
46
3
LfFC
0.000E+00 0.000E+00 4 411E-0I
54 Very Late Containment Heat Removal?
DEP. INPUT PROB. 350664
L2-CHR L2fCHR
1 2
5.590€E-01 4.411E-01
SUMMARY BY CASE
1 5.590€-01
53
]
L2-FC
5.580€-01 0.000E+00
2 4.411E-01

B-18



DESCRIPTION Otherwise § Case 2: No Sprays, Mo Fan Cooler
CASE /BRANCH SPLIT: 0.000E+00 4 . 411E-01

saeRent  OUFSTON 55 Does Delayed CCI Oecur?

) Q-TYPE/TIMES ASKED: DEP. INPUT PROB 350664
i ‘ BRAMCHES : DelydCCl  noD1dCCI
) 1 2
REALIZED SPLIT 5 663E-03 9.943E-0°

SUMMARY BY CASE

CASE NUMBER/SPLIT 1 9.943E-01

DEPENDENCIES 50 52 50 23 .

REQ. BRANCHES: ( 2 . 1) » 1 ¢ 1 -

DESCRIPTION: noPrmCCl L2-Sp PrmptCCI  noVB
CASE/BRANCH SPLIT 0.000E+00 9.943E-0]

CASE NUMBER/SPLIT 2 5.663€-03 d
DESCRIPTION Otherwise $ Case 2: Mater boiled ',

CASE/BRANCH SPLIT §.663E-03 0.00CE+00 !

WhURRA®  QUESTION 56 Base'ine Containment Pressure Very Late?

Q-TYPE/TIMES ASKED DEP. INPUT PROB. INPUT PARM 350664
BRANCHES L2PBase .
. o

REALIZED SPLIT 1. 000€+00 ¥

SUMMARY BY CASE

CASE WUMBER/SPL1T 1 8.417€-03
DEPENDENCIES 42 42 42 23
REQ. BRANCHES 1 + 2 + 5 * 1
DESCRIPTION: ICF-CtRp ICF-Rupt ICF-Shear noVB
CASE/BRANCH SPLIT 8.417¢-03

CASE NUMBER/SPLIT §71€-01
DEPENDENCIES: 54 1 Q@

REQ. BRANCHES TRt L IRV | ,

DESCRIPTION: L2-CHR  B-Leak  ICF-Leak ;

CASE/BRANCH SPLIT 5.571€-01 '

CASE NUMBER/SPLIT: .924E-05
DEPENDENCIES 50 31 28

REQ. BRANCHES 1 N 2 (ATMEY 5
DESCRIPTION: PrmptCCI RC-Dry  /AcDave |
CASE/BRANCH SPLIT 1.924E-05 3

CASE NUMBER/SPLIT il 2.995€-01
DEPENDENCIES: S0 31 28
REQ. BRANCHES 1 of AR + 3)
DESCRIPTION: PrmptCC! RC-wWet AcDaVB
CASE/BRANCH SPLIT 2.995E-01

CASE NUMBER/SPLIT 1.351E-01 ;
DESCRIPTION Otherwise -- DelydCC! & RC-Full § Case 6: Debris bed s Coolable a %

CASE/BRANCH SPLIT 1.351€-01 |

ERARReer UESTION 57 How much M2 and C02 15 Produced during CCI?
Q-TYPE/TIMES ASKED DEP. INPUT PROB. INPLT PARM 350664
BRANCHE § ccl noCC]
1 2 ﬁ-"*.

REALIZED SPLIT 6.935€ 01 3.066E-0!




SUMMARY BY CASE

CASE NUMBER/SPLIT l 3.066E-01
DEPENDENCIES: 50 $5
REQ. BRANCHES: 2 " 2
DESCRIPTION: noPrmCCl noD1dCCI
CASE /BRANCH SPLIT 0 000E+D0 3.066c-01

CASE NUMBER/SPLIT 2 5.520€-01
DEPENDENCIES 48
REQ. BRANCHES 1
DESCRIPTION: Lrg-CCI
CASE/BRANCH SPLIT 5.520£-01 0.000E+00

CASE NU* SER/SPLIT 3 1.415E-01
DEPL NDENCIES 48
REQ. BRANCHES 2
OCSCRIPTION: Med-CCl
CASE/BRANCH SPLIT 1.415£-01 0.000E+00

#REARRT  QUESTION 58 How much Hydrogen Burns or Leaks Out of Containment?
Q-TYPE/TIMES ASKED DEP. INPUT PROB. INPUT PARM 350664
BRANCHE S Fri2-Rem
l
REALIZED SPLIY 1.000E+00

SUMMARY BY CASE

CASE NUMBER/3PLIT l 9.631£-03
DEPENDENCIES 1 42
REQ. BRANCHES 4 + /A
DESCRIPTION: Brk-V /no-1CF
CASE/BRANCH SPLIT 9. 631E-03

CASE HUMBER/SPLIT 2 5.112€-02
DEPENDENCIES 35 35 22 24
REQ. BRANCHES: ( 1 * 3 BN 2 B )
DESCPIPTION: PrEj BtmHd /1-LoPr E-Sp
CASE/BRANCH SPLIT 5.1126-02

CASE NUMBER/SPLIT §.393E-01

DESCRIPTION Otherwise $ Case 5: Intact Containment and n
CASE/BRANCH SPLIT 9.393E-01

FRAERANT  QUESTION Add H2 produ.ed by CCl to H2 already in Containment
Q-TYPE/TIMES ASKED INDEP. CALC. PROB 350664
BRANCHES L2-H2 L2nH2
1 2
REALIZED SPLIT 6.935€-01 3.066E-01

AFRAEARE  QUESTION ) Amount of Steam in Containment after CCI?
Q-TYPE/TIMES ASKED DEP. INPUT PROB. INPUT PARM 350664
BRANCHES L2StmCnt
|
REALIZED SPLIT 1.000€+00

SUMMARY BY CAat
CASE NUMBER/SPLIT 5.590E-01

DEPENDENCIES
REQ. BRANCHES




DESCRIPTION
CASE /BRANCH SPLIT

CASE NUMBER/SPLIT:
DESCRIPTION
CASE/BRANCH SPLIT:

LR AR R L 00(5”0“
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTICN:
CASE/BRANCH SPLIT:

EANARARS QU[‘:)Y‘ON
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
NESCRIPTION
CASE/BRANCH SPLIT

SRR RS ) QU[S‘IO“
Q-TYPE/TIMES ASKED
BRANCHE S

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES:

DESCRIPTICN
CASE/BRANCH SPLIT

RAARARARN OUESTlON
Q-T\PE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT

DEPENDENCIES:

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

L2-CHR
5.5901 -ui

¢ 4.411€-0]

therwise $ Case ”: Sprays Not Operating
4.411£-01

6] 1s the H2 Concentration Flammab le?

DEP. CALC. PROB 350664
L2-H2F nol.2 ~H2F
1 2

0.000£+00 1.00DE+00

SUMMARY BY CASE

1 1.000€+00

11 42 18 24

1 + /4 +( 1 . ))
B-Leak /no-ICF £-ACP -5p

0.000€+00 1 .000E+00

62 Does lIgnition Occur? Conversion Ratio?
DEP. INPUT PROB. INPUT PARM 150664
L2-HB nol.2-H8
1 2

0.000E+G0 1.000E+00
SUMMARY BY CASE

3 1.000E+00
Otherwise Case 3: Concentration not flamna
0.000E+00 1.000E+00

63 Resulting Pressure Rise?
DEP. CALC. PROB 350664
L2-H2Brn L2ZnH2Brn
1 2
0.000E+00 1.000E+00

SUMMARY BY CASE

1 1.000E+00
b2
nol.2-He
0.000E+00 1.000€+00

64 Containment Failure, and Type of Containment Failure
DEP. CALC. PROB 350664
L2CF-CRp L2CF-Rp L2CF-Lk  L2CF-SHEA no-L2CF
3 4

o

£

l 2 3 .
0.000E+00 0.000E+00 8.775E-04 0.000€+00 9.991E-01

SUMMARY BY CASE

1 9.631E-03
42
/4
/no-1CF

0.000E+00 0.000E+00 0.000E+00 0.000E+00 9.631E-03

B-21




CASE NUMBER/SPLIT:
DESCRIPTION:
CASE/BRANCH SPLIT:

AARRRARS

CASE NUMBER/SPLIT:
DEPENDENCIES :

RFZ. BRANCHES
DESCRIPTION:
ZASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DESCRIPTION:
CASE/BRANCH SPLIT:

RERRRE AR

REALIZED SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DESCRIPTION:
CASE/BRANCH SPLIT:

ARRARN AR

REALIZED SPLIT:

CASE NUMBER/SPLIT:

DEPENDENCIES
REQ. BRANCHES

DESCRIPTION:
CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DESCRIPTION:
CASE/BRANCH SPLIT:

RARRERAN

QUESTION:
Q-TYPE/TIMES ASKED:
BRANCHES :

REALIZED SPLIT:

QUESTION:
Q-TYPE/TIMES ASKED:
BRANCHES

QUESTION:
Q-TYPE/TIMES ASKED:
BRANCHES :

QUESTION:
Q-TYPE/TIMES ASKED:
BRANCHES :

2 9. 904£-01
Otherwise

$ Case 2.

0.0DOE+00 0.000E+00 &.7755-04 0.000E+00 8. BASE-0)

65 Sprays after Very Late CF?

DEP. INPUT PROB
F-Sp nof - Sp
1 2
9.819E-01 B.1476-03
SUMMARY BY CASE
1 8.147¢-03
52 51
3 + 3
L2fsp L2fACP
0.000E+00 8.147E-03
K] 9.018E-01
Otherwise

9.813E-01 0.000E+00

66 Fan Coolers after Very Late CF?

DEP. INPUT PROB.
F-FC FFFC
1
§.590£-01 4.411E-01
SUMMARY BY CASE
1 4 411E-01
53 51
3 + 3
L2fFC L2fACP
0 000€E+00 4.411€-0)
2 5.580£-01
Otherwise

5,590E-01 0.000E+00

350664

§ Case 3: No catastrophic rupture

350664

6/ Containment Heat Removal after Very Late CF?

DEP. INPUT PROR.
F-CHR FFCOHR
i 2

9.965E-01 3.551E-03
SUMMARY BY CASE

1 9.965£-01
85 66
1 + 1
F-Sp F-FC
9.965€-0. 0.000E+00
2 3.551E-03
Otherwise

0.000E+00 3.551E-03

68 Eventua) Basemat Melt-through?

DEP. INPUT PROB.

MinDePr MTwDePr

noMT

B-22

350664

$ Case 2.

511296

were avaliable and we as

No Sprays, No Fan Cooler



REALIZED SPLIY

CASE WUMBER/SPLIT:

DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLITT

CASE WUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

CASE NUMBER/SPLIT
JEPENDENCIES

REQ. BRANChLS
DESCRIPTION

CASE /BRANCH SPLIY

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPL1T

QUESTION
Q-TYPE/TIMES ASKED
BRANCHE S

REALIZED SPLIT

CASE NUMBER/SPLI1T
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT

EERAARAR

QUESTION
Q-TYPE/TIMES ASKED
BRANCHES

REALIZED SPLIT

CASE NUMBER/SPLIT
DEPENDENCIES

REQ. BRANCHES
DESCRIPTION
CASE/BRANCH SPLIT
CASE NUMBER/SPLIT
DESCRIPTION
CASE/BRANCH SPLIT

ARERRARR

QUESTION

1 2 3
1 .B4GE-01 6.153E-02 7 .541E-01

SUMMARY BY CASE

1

11

|
B-Leak

5

48

2
Med-CCl

69 Eventua! Overpressure Fallure

Dt

SUMMARY

1

11

1
B-Leak

70 Basemat Melt-through before Overpressure Failure?
DEP

SUMMARY

68

noM7

71 Fi

1. 568E-02
23 42
1 + /4 + /5

noVe /no-1CF /no-L2CF

000E+0C 0.000E+00 1. 568 -02

64

032¢-01
55 65
2 ¥ 1
noD1dCCI F-Sp
).000€+00 0.C00E+L0 3.032E-01

493€-01
65
1
F-Sp
64BE-01 5.493E-02 3.296¢E

1.320€-01
65

" 1
i

F-Sp
1.980E-02 6.599€-03 1.056E-0l

of
P. INPUT PROB
F-CF-0P  noFCFOP
1 ?
0.000E+00 1.000E+00

BY CASE

1.000€E+00
23 42 o4
1 + /4 /5
noVB /no-ICF no-L2CF
0.000E+00 1.000E+00

INPUT PROB
F-BMT FCF-Lk Neither
1 2 3
2.461E-01 0.000E+00 7.540£-01

BY CASE

2 .461E-01
69
2
noFCFOP
2.461E-01 0.000E+00

*

7.540€-01
Otherwiss
0.000E+00 O

nal! Containment C

Containment?
511296

67

.

F-CHR

$ Case 5

Have neither BMT nor




© Q-TYPE/TIMES ASKED:
BRANCHES

REALTZED SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES:

REQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES

REQ. BRANCHES :
DESCRIPTION:
CASL/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES :

REQ. BRANCHES:
DESCRIPTION:

CASE/ JRANCH SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES

REQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

CASE NUMBER/SPLIT:
DESCRIPTION:
CASE/BRANCH SPLIT:

RERIARAR

REALIZED SPLIT:

CASE NUMBER/SPLIT:
DEPENDENCIES

REQ. BRANCHES:
DESCRIPTION:
CASE/BRANCH SPLIT:

QUESTION:
Q-TYPE/TIMES ASKED:
BRANCHES :

DEP. INPUT PROB.
F-Ruptr F-lLeak

511296

Bypass noCF
| z 3 4 1) 6

8 14BL-03 7.267E-03 2.461E-01 0 000E+00 7.3B6E-D] 4 668E-0%

SUMMARY BY CASE

FeM1 Shear

1 B.148E-03
@ @ b4 54
1 + 2 + 1 + 2

ICF-<CtRp ICF-Rupt L2CF-CRp L2CF-Rp
8.145E-03 0.000E+00 0.0N0E+00 0.000£+00 0.GOOE+00 ©.000E+00
2 7.267€-03
1 42 64 70

1 + 3 + 3 + 2

B-Leak  I1CF-Leak L2CF-Lk FCF-Lk
0.000E+00 7.267E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00
3 4,668E-05
42 ba
5 + 4

ICF-Shear L2CF-SHEA
0.000E+00 0.000E+00 0.000E+00 0.000E+D0 0.000C+00 4 688E-05

5 2.461E-01
70
|
F-BMT
0.000E+00 0.0006+00 2 .461E-01 0.000E+00 0.000E+00 0.000E+00
6 7.386E-01
Otherwise

0.000E+00 0.000E+CO 0.000E+00 0.000E+00 7.386¢-01 0.000£+00

72 Tlime of core damage

DEP . INPUT PROE. 511296
ECorD LCorD
1 2
0.000E+00 1.00GE+00
SUMMARY BY CASE
1 1.000E+00
3 8 3 8
5 + 1 *( 2 e 1)
BiECCS SG-HR BaECCS E-ACP

0.000E+00 1.000£+00

B-24

$ Case 6: No C



APPENDIX C

ZION ACCIDENT PROGRESSION BINNING
FILE FROM DRAFT NUREG/CR-4F51




APPENDIX C

Zion Accident Progression Binning
File From Draft NUREG/CR-4551

This Appendix lists the EVNTRE input file used to bin the end states of
the Zion APET into accident progression bins for the Z1SOR source term
analysis in draft NUREG/CR-455] for Zion.

Zion Binning - Rev. 5 - 6/2/89 - 12 Characteristics
12 CF-Time Sprays CClI RCS-Pres VB-Mode SGTR  Amt-CCl
2r-0x HPME CF-Size RCS-Hole CD-Time
7 7 V-Dry ¥-Wet Early-CF CF-at-VB Late-CF Viate-C# $ Char. ., Containment F-
“ 7 71 1 18 71 $ Case 1, Attr. 7 (G;, No C
5 +{( 5 + &) R 4 )
noCF or(( B-S6TR or E-SGTRS3) & Bypass )
l 12 $ Case 2, Attr. |
4 . 2
Brk-V V-Dry
1 12 $ Case 3, Attr. 2 |{
4 . |
Bra V 3 V-Wet
11 42 a2 42 § Case 4, Attr. 3 (C), CF hefore Vessel Breach
A sefr el T e
B-Leak & nolCF-CR & noilF-Sh &nolCF-Rp
42 $ Case 5, Attr ( CF at Vessel Breach
-4
1-CF
64 $ Case 6, Attr. S ), Very Late CF (after CCl)
-5
1 2-CF
70 7
2 +
FCF-Lk or F-MT
Sp-Early Sp-E+] Sp-E+I+L SpAlways Sp-L
Sp-VL Sp-Never Sp-Final $ Characteristic ¢
24 43 45
1 : o B 1
E-Sp & nol2-5p nol -Sp
24 43 5
it 1
E-Sp & 12-5p
24 43 ) 2 s aRtr. S

1 1

), Fina) CF (abcut 24 hours after VB)

, Early sprays only
, Early & Im sprays only

, Early, Im & Late sprays

E-Sp 12-Sp :
24 43 5 , Attr. 4

ny
‘v
w

Sprays always
r/t releases )

1  {a ] ] ( Always
E-Sp 12-5p -
24 43
-1 -1 *
E-CHR nol2-Sp
24 43

Late sprays only

>

>
o
r
-
on oW gL

r
~
n w
T e ND — T

Late & VL sprays only

E-CHR
24

.|
‘

E-CHR

ur v

Very Late sprays only

r
~

'
<




—

-

—

~

.

—-—on

—

o~

24

(-1

€-CHR
Promt-Dry

50

1

PrmptCCI
50

1
PrmptCCl
50

2
noPrmCC!
50

1
PrmptCCl
55

1

De lydCC!
55

1
De lydCC!
SSPr  HiP

35

BtmHd
34

1

Alpha
23

|

novi

SGTR SGT

1

( 3
( B-S6TR
1

5

B-SGTR

1

-5
noB-SGTR
Lrg-CCl

43 45

. E, v

& nol2-Sp &  nol-Sp

52 65§ Case B, Attr. 8 (M), Sprays never
¥ 1)+ 1 8 [ Never w/r/t releases )
& nol2-Sp or F-Sp

PromtShiw No-CCl PromtDeep SDlyd-Dry LOlyd-Dry $ Characteristic 3,

3 28

Core-Concrete Interaction

$
* g -3 § Case 1, Attr. 1 (A), Prompt CCl - Cavity Dry

& RC-Dry & noAcDaVe

31 28 § Case 2, Attr. 2 (B), Prompt CCl - Shallow Poo) Scrubbing
. g X 38 Cavity contains accumulator water only
& RC-Dry & AcDavB
55 $ Case 3, Attr. 3 (C), No CCI
. 2 $ Coolable with water, or no VB.
& noD1dCCI
31 $ Case 4, Attr. 4 (D), Prompt CCI - Deep Pool Scrubbing
¥ 1 $ Cavity is tull ( .4 feet )
& RC-wet
26 $ Case 5 Attr. 5§ (£), Delayed CCl - Cavity Dry
L4 x, $ Short Delay - Boil off Accumulator water only
& AcDavs
3l § Case 6, Attr. 6 (F), Delayed CCl - Cavity Dry
- 1 $ Long Delay - Boil off Full (14 ft) Cavity
& RC-wet
r ImPr LoPr $ Characteristic 4, RCS Pressure before VB
$ Case 1, Attr. | (A), System setpoint pressure
$ Cuse 2, Attr. 2 (B), High pressure
$ Case 3, Attr. 3 (C), Intermediate pressure
$ Case 4, Attr. 4 (D), Low pressure
VB-Pour VB-BtmHd Alpha Rocket No-VB $ Characteristic 5, Mode of Vesse) Breach
§ Case 1, Attr. | (A), Pressurized Ejection (incl. { rect Heating)
$ Characteristic 5 is Not Used in SURSOR,
$ A1l HPME information is obtained from Char. 9.
$ Case 2, Attr. 2 (B), Gravity Pour
$ Case 3, Attr. 5 (E), Rocket
$ Has to come before BtmHd since BtmHd required for Rocket
$ Case 4, Attr. 3 (C), Gross Bottom Head Failure
$ Case 5, Attr. 4 (D), Alpha Mode
$ Case 6, Attr. & (F). No Vessel Breach
R-SRVD No-SGTR $ Char. 6, Steam Generator Tube Rupture
2 18 § Case |, Attr. 1 (A), SGTR
A Roe o | Secondary system SRVs are not stuck open

& SSRVnStQ )orE-SGTRS3

2 $ Case 2, Attr, 2 (B), SGTR with Stuck-Open SRVs
*
1
& SSRV-S5t0
18 $ Case 3, Attr. 3 (C), No SGTR
"
2
& nof-SGIR
Med-CCI $m)1-CCl No-CCI $ Characteristic 7, Amount of Core in CCI

C-4



50

¢
noPrmCCl
48

l
Lrg-CCI
48

2
Med-CCl
48

3
Sm)-CCI
Lo-2r0x
30

2
Lo-ZrOx
30

|
Mi-2rDx
H1-HPME
33

]
Hi-FCoR
33

2
Md-FCoR
33

3
Lo-FCoR
35

-1
noPrk j
Cat-Rupt

71

4
Bypass
42

i
ICF-CtRp
a2

2

1CF -Rupt
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