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Abstract

The EVNTREISS code, used as a basis of the present work, is highly complex and versatile
in comparison with the previous CET used in the WASH-1400 study. Since the construction
of the EVNTREISS code is very complex and has not gone through a thorough validation and
review process by an independent referee it is not surprising to find a few areas of improve-
ment and several inherent problems of the code. The present study is thus initiated to identify
all the problems and areas of improvement for the EVNTREISS code and modify the code
according to the insights gained from the experience of reproducing the Zion containment
response analysis performed at the Brookhaven National Laboratory. As a result of this study,
several areas of improvement for the EVNTREISS code have been identified and a few
problems of the code have been resolved in addition to the reproduction of the Zion resuits.
Finally, the modified code can now be run by a personal computer and can be used in the
analysis of a Large Dry PWR containment response for severe accidents.
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L. Introduction

The analysis of severe accident may be classi-
fied into deterministic and probabilistic approach.
Since the deterministic approach offers less in-
formation the probabilistic approach? has been
principally used in current studies.

More recently, the modified containment event
trees constructed by the probabilistic approach in
the form of a computer code (EVNTREISS) to
quantify the release category from the contain-
ment event tree(CET) were developed at Sandia
National Laboratory(SNL) as part of the Severe
Accident Risk Reduction Program(SARRP).® Also,
these have been used to analyze the containment
response of a few nuclear power plants such as
Surry and Zion for severe accidents.** However,
the code has several problems that is difficult to
treat the CET directly. The present study is cen-
tered around the containment event tree
code(EVNTREISS) as well as the containment
event tree itself.

The main objectives of this study are (1) to
convert the original EVNTREISS code (a Vax ver-

sion) into PC version to run on the PC, and to:

simplify the code, (2) to verify the Zion con-
tainment response analysis performed at the
Brookhaven National Laboratory(BNL), and (3) to
identify all the problem areas of the EVNTREISS
code, and to improve them for application in the
containment response analysis.

II. An Overview of the Current Methodologies
of Containment Response Analysis

The major objective of the containment re-
sponse analysis is to determine, given a core-melt
accident, when and how the containment condi-
tions could affect a release. Therefore, the con-
tainment response analyses for postulated severe
accidents focus on identifying the various path-
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ways that could lead to the release of fission pro-
ducts beyond the containment boundaries and on
estimating their frequency of occurrence.

The containment response analysis for severe
accidents deals with the events that occur after the
initiating event and until the release of radioactive
material from the containment. They cover the
physical processes induced in the containment by
each accident sequence as well as the transport
and deposition of radionuclides released within the
containment. The analysis examines the response
of the containment to these processes, including
possible failure modes, and evaluates the releases
of radionuclides to the environment. The results of
these risk assessments are analyzed and inter-
preted to identify the plant features that are the
most significant contributors to risk.>¢

A. CET Quantification
Assessment of risk from operating nuclear pow-

er plant involves determination of the likelihood of
various accident sequences and their potential
offsite consequences. The risk from a nuclear
power plant can be defined as follows :?*

Re= E‘: fi 2’ Cuy 6x(Su) (1)
where

Ri=risk of consequence type k

fi=frequency of plant damage state i

Ci;=conditional probability of containment re-
lease category j given PDS i

Si;=fission product source term for containment
release category j of PDS i

ri=consequence of type k, given fission pro-
duct source term S, for j

There are five distinct but closely related phases
in the risk analysis of nuclear power plant opera-
tion. The five phases are: (1) The ’'systems analy-
sis’ that considers the accidents from the initiating
events to the onset of core damage. Accident in-
itiator frequency(a:;) and conditional probability of
PDS i, given initiator 1 (mi.) are obtained in this
phase. (2) The ’accident progression analysis’ that
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treats the thermal and physical course of accidents
from the onset of, core damage to the release of
radioactive fission products to the environment.
The Cy is obtained in this analysis. (3) The 'source
term analysis’ determines the behavior of the fis-
sion products from their release from the fuel to
their release to the environment. The Si; is
obtained as a result of this analysis. (4) The 'con-
sequence analysis’ calculates the dispersal of the
radionuclides in the environment and estimates
their effect on the exposed population. The 1 is
obtained at this phase. (5) The result of the four
constituent analyses are then combined to yield an
overall integrated estimate of risk R« and the un-
certainty in risk. For containment analysis, plant
damage states as initiating event, containment
event tree to treat accident progression in contain-
ment, release category sets to analyze containment
response and source term are needed.

The current method for quantification of a PWR
containment matrix C,; for postulated severe acci-
dents include following steps ;**

1) Accident sequence evaluation and character-
ization of the plant damage states.

2) ldentification of the containment release
modes.

3) Construction of the plant-specific contain-
ment event tree.

4) Quantification of the containment event
tree(CET) and CET matrix via code.

B. Plant Damage States
In a typical PRA, the number of system sequ-

ences that are identified is very large-much. too
large for the physical processes of each to be
analyzed. One approach to resolve this problem is
development of ’plant damage states(or bins)?3.
The categories are identified by the characteristics
of the system sequence that affect the release of
radionuclides to the environment. All system sequ-
ences within a bin are assumed to have the same

containment event tree, in that branching probabi-
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lities are the same, and the end points are
assigned to the same radionuclide release
categories.®

A plant damage state used in the Zion study® is
labelled by up to four letters.

The first letter represents the initiating event:

A=large or medium LOCA, core damage at
low pressure

S=small LOCA, core damage at high pressure,

T=transient initiator, RCS remains intact until
core damage,

V=interfacing system LOCA.

The second letter represents the timing of core
melt :

E=-carly core melt(ECC failure in the injection),

L=late core melt(ECC failure in the recircula-
tion).

The third and fourth letters indicate the contain-
ment safeguard systems :

F=success of containment fan coolers,

C=success of containment spray system.

In order to provide a complete framework for
containment response analysis, it is necessary to
consider for each of the five accident sequence
classes(ECC failure in recirculation and injection
phases for LOCA, and T sequence), four combina-
tions of fan cooler system and containment spray
system operation {each success or failure). The 14
PDSs with high frequency of occurrence were
used to calculate conditional probabilities for

source term release categories.

C. Containment Event Tree

A modified Ziori plant specific CET was de-
veloped by identifying the types of containment
response, at a level of detail that could reasonably

be supported by the information currently avail-
able. This lead to the construction of an event tree
that is significantly expanded beyond those pre-
viously used in PRAs; The structure of the Zion
CET is based on 59 top events,® many of which
have more than two branch points. These top
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event questions are posed in ways that require the
answers to be expressed in terms of likelihoods.

On the other hand, because many portions of
the analysis relies heavily on expert opinion and
limited data from actual experience, it was judged
that a direct statistical treatment’® of all uncertain-
ties was neither practical nor necessarily meaning-
ful. For methodological consistency with the con-
tainment and source term analysis, a series of
seven accident sequence issues that are most
sensitive to accident results are selected. All issues
except for containment capacity is considered as
modelling uncertainty.

The Limited Latin Hypercube® uncertainty
approach used in the Zion and Surry power plants
relies on the selection of key uncertainty issues
that can have a significant impact on the risk esti-
mate. These phenomenological issues in nature
were the best representation of the uncertainty
selected by an expert review group.’ The details of
the evaluation of these issues and their signifi-
cance in terms of risk can be found in Reference 1.

Treatment of these issues in the CET input
data(LLHS) is made by considering levels for each
issue and weighting factors for each level used as
cumulative probability. Here, the ‘level’ means the
possible all sequence model that each issue can
have. And the ‘weighting factor’ means fraction of
possibility of any one level of all level in one
issue. In general, these issues should be sampled
through the LLH technique by considering cor-
relation between issues.

The current CET shows that even though in
some cases the issues are not independent, the
relations between most issues become indepen-
dent. That is, the LLHS among most issues was
produced randomly, rather than represented
through correlations imposed upon the weighting
factors applied to the relevant issue levels. In fact,
significant complication can be introduced when
the correlations between- the various issues are
specified.
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D. Containment Release Categories

The release categories were defined for the va-
rious combinations of plant damage bins and CET
sequences by correlating the combinations accord-
ing to their effect on the release characteristics that
most affect the offsite consequences.>® These char-
acteristics(i.e., release time, warning time, energy
duration, and radionuclide inventory) are consis-
tent with those that were used in choosing CET
top events. For convenience, the release categor-
ies can be divided into two subcategories : that is,
‘source term bin’ and ‘containment bin’. The con-
tainment bin is considered as the subset of source
term bin.

The radioactive inventory passing through outer
boundary of the containment is conventionally
known as the ‘source term’. The outcomes of the
containment event tree consist of very large num-
ber of scenarios. Therefore, to analyze these out-
comes, it is necessary to combine the scenarios
infto a smaller set of groups, called source term
bins, which are judged to be similar in terms of
parameters considered to be important to the
source terms. Here, scenario defined by the com-
bination of a given accident sequence and a given
path through the containment event tree provides
a description of the initial and boundary conditions
required to assess the resulting source term. Six
source term bins were used in the Zion study.*

Containment bins represented different com-
binations of core, cavity, and containment states.
For Zion study, the containment bins are classified
into 19 groups. Bins 1-4 and 16-19, respectively,
are equivalent except that bins 16-19 do include
effects due to direct heating, and bins 1-4 do not.
For point-estimate containment response analysis,
the likelihood of the 15 containment bins was
calculated for each of the 8 PDSs. For statistical
LLH containment analysis, on the other hand, the
likelihood of the 19 containment bins was calcu-
lated for each of the 14 PDSs. That is, SEFC,
AEFC, TEFC, SEC, SE, AEC, AL, TEC, SLFC,
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ALFC, SLC, SL, ALC, and V.

E. CET Code

The EVNTREISS code® provides the necessary
framework for quantification of the likelihood of
various containment failure modes. The major fea-
tures of this code are as follows:

1) Flexible manipulation of top events and
branching points and treatment of dependency are
possible.

2) Any combination of dependencies on prior
questions is possible.

3) Information can be fed to the program in the
form of ‘parameter’(pressure increase) which the
program can manipulate at a later node to inter-
nally calculate a branch point probability based on
user input criterion.

4} The outcomes of the event tree are binned
by input specified by the user.

For actual deterministic or statistical (with some
input from LLHS) quantification of the contain-
ment matrix, this code requires three or four diffe-
rent types of input data : *

1) Binning data

2) Branch point probability data
3) Dependency data

4) Uncertainty Issue data

F. Release Category Frequencies

The frequencies of the release categories are
calculated by combining the frequencies of the
plant damage bins with frequencies estimated for
the containment event tree. The first step is the
construction and execution of a model that assigns
each combination of CET sequences and PDS to a
release category. The model reflects the de-
pendency of the CET top events on each PDS.
The conditional probatility of the release category
for each PDS is found and combined with the
PDS probabilities to determine the release categ-
ory frequencies as follows:*¢
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EF PDS
2 2 Fui Cui

Pier=- @

N
3 Fu
where, '

Pier=conditional probability of any early con-
tainment failure for issue sample 1

Fi,=plant damage bin frequencies

Cuis=containment matrix

1=LLH sample index, 1=1,...,100

N=total number of LLH sample, 100

i=PDS index

j=containment bin index, j=1,...,19

IIl. Verification of the Previous Results for Zion
and Improvements Made

A. CET Construction

(1) Point Estimate

The point estimate calculates probability of CET
sequences when the issues are not considered
and the branch point probability of direct contain-
ment heating event is assumed to be zero (that is,
Bin 16-19 are not considered) for Zion power
plant.

Tables 1 and 2 show the containment matrix
and source term category for the point estimate
calculations obtained to verify the previous result
for Zion.® This containment matrix indicates that
the results are exactly the same as the previous
results obtained for Zion. This verifies that the
previous work is reproducible and the numerical
values are dependable. At the same time, the re-
sult shows that for most accident sequences except
the plant damage state ‘SE’, there is a high likeli-
hood that containment integrity will be main-
tained.

(2)LLH Estimate

The statistical analysis was implemented through
the 100 LLH samples. They do contain more in-
formations than does a single point. This approach
results in a more realistic estimate to risk. A valu-
able insights conceming the LLH calculations can
be gained by simply comparing the LLH resuits
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with that of the point estimate.

The quantities of 100 LLH outcomes were
sorted into five percentile quantities and one aver-
age value for each bin. These bounds were sub-
jectively based on the available specific informa-
tion and the general uncertainty in the data and
modelling. For the purpose of comparisons with
the results for Zion plant, the probabilities of 19
containment bins calculated from the modified
EVNTREISS code, given all 14 PDS used for the
LLH estimate are presented in Tables 3 and 4,
respectively. Because late ECC failure nearly does
not influence the probability of all the containment
bins, some PDSs are not presented in these tables.
That is, SEFC=SLFC, SEC=SLC, AEFC=ALFC,
and SE=SL. These results are due to insufficient
dynamics of the ESFs. The conditional frequencies
of release categories, given all core damage states,
when each frequency of PDS sequences is treated
as weighting factor for overall frequency, are
shown in Tables 5 and 6: Table 5 is the previous
result for Zion, whereas Table 6 is the present
result obtained. The main reason for the difference
between the two is due to the slightly different
dependency with those of the Zion. However, this
result does not induce a critical problem because
of the essential similarity with the CETs of Zion.

B. Improvement of the EVNTREISS Code

Several problems and areas for improvement of
the EVNTREISS code were identified during the
process of verification of the previous Zion work

as well as the construction of the containment
event tree for all possible plant damage states and
the conversion of the code from Vax to PC ver-
sion. The major problems identified and improve-
ments made are summarized here :

(1) Preparation and checking of input data for
the code is too time-consuming and difficult:

The containment event tree has 59 top events;
in many cases, the top event is dependent on the
previous events. Furthermore, the event tree was
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made as non-visual logics. Therefore, visualization
of the event tree is not possible. Even if the event
tree were constructed, identifying inappropriate
dependent input values is also difficult to the same
degree of constructing the event tree.

Improvement:

As an approach to resolve this problem, the con-
tainment event tree was simplified from the origin-
al 59 top events to the 48 top events. This simpli-
fication has been made by eliminating those top
events that are independent on the accident prog-
ression. The compact CET makes it more con-
venient to prepare and check the input data, while
the original results remain unchanged. However, a
substantial simplification is needed from the de-
tailed analysis of various accident mechanisms. '

(2) A mechanism or a procedure to identify
dominant accident pathways is not available in the
original code:

Improvement:

For identification of pathways of the output bin,
a simple program has been developed to show
the numbers of the top events and levels of de-
pendent cases involved. This program transforms
the complex event tree into a simpler form that is
comprised of only dependent pathways. Identifica-
tion of pathways becomes possible by reconstruct-
ing a simpler event tree. But the larger the num-
ber of top events, the more difficult is the identi-
fication of the exact pathway because of a large
number of accident sequences assigned to the
given bin.

(3) Treatment of the issues is too complex:

Proposal:

The issues consist of models and parameters
having many discrete levels. The discrete para-
meters could be treated in less complex form by
asing the distributions and multipliers displaying
the degree of possibility relative to the base case.
But the discrete models are difficult to be treated
by this method. Any correction factor and correla-
tion coefficients can be used to resolve this prob-
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lem for these models.

(4) A procedure to idertify sequence inde-
pendency of LLH issues is not available:

Proposal:

When the input data of the code is being pre-
pared, the inappropriate dependency among the
top events could easily be overlooked. That is,
any pathway of the input data might be cut during
accident propagation because of deficiency of the
appropriate dependency. In this case, the curmrent
EVNTREISS code has only a mechanism to stop
to run the code. However, the identification of the
inappropriate dependency of the top event and
corresponding sample index(i.e., run number .of
the LLH issue samples) by the existing mechanism
of the code is very time-consuming and difficult.
Therefore, when an inappropriate dependency
among any top events is present, a procedure to
identify the top event, their dependency case and
corresponding sample index that result in cutting
the accident pathway is needed. This procedure in
the form of a sub-program must be added to the
current EVNTREISS code.

(5) Questions of whether to treat the state of
the containment safety systems(i.e., Spray and Fan
Coolers) to be dependent on the CET or simply
follow the definition of each PDSs which specifi-
cally includes the state of the containment safety
systems:

Proposal:

For the more realistic approach to the contain-
ment response analysis, the state of the contain-
ment safety systems in the EVNTREISS code
should be made to depend on the accident prog-
ression, because the state of the containment safe-
ty systems greatly influence the final results of the
accident. This approach, however, may cause
some inconsistency between the final outcome
and the definition of the PDSs.

IV. Conclusion and Recommendations
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One of the major objectives of this work, that is,
the original conversion of the CET code was com-
pleted. Based on this converted code, a few sub-
programs were added to the modified CET code
to sort the outcomes and identify the dominant
accident pathways. Also, simplification of the CET
code and CET itself has been made as a result of
this work. In addition, all the containment event
trees for given dominant plant damage states were
constructed from the Zion sample event tree(SsD),
and these results were compared with the original
result of the Zion CETs. All sequences, except the two
PDSs of TEFC and TEC, agree well with the ori-
ginal Zion results for statistical estimates. The
minor difference between the present work and
the previous Zion work for the above PDSs might
be due to the different dependency of any level of
LLH samples in the containment event tree.

Finally, several areas of improvement for the
code have been identified through the present
study of the EVNTREISS code and containment
event trees, and major problems have been re-
solved. By further improvements, the modified
EVNTREISS code and containment event trees
can be used as an important tool in the plant
specific risk assessments.

Following recommendations are made for furth-
er study:

1) Development of more detailed subprograms
to completely trace the output bins and to identify
user-specified accident pathways.

2) Further simplification of the containment
event trees.

3) Identification of the sequence dependency of
LLH issue samples.

4) More detailed analysis of model uncertainty
and sensitivity.

The complete program should have the capabil-
ity to unravel the dominant pathway contributions
to each containment failure bin.

List of Abbreviations Used

AFWS =Auxiliary feed water system
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BMT =Basemat melt-through

CCW =Component cooling water

CET =Containment event tree

ECC =Emergency core cooling

ECOPF =Early containment overpressure fai-
lure

ISF =Isolation failure

LCOPF =Late containment overpressure fai-
lure

LLH =Limited latin hypercube

LOCA =Loss of coolant accident

LOP =Loss of offsite power

NoF =Containment no-failure

PDS =Plant damage state

PRA =Probabilistic risk assessment

PWR =Pressurized water reactor

RCS =Reactor coolant system

SARRP =Severe accident risk reduction
program

SI =S8afety injection

SWS =Service water system

\Y% =V sequence
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Table 1. Containment Matrix(Point Estimate)
PDS SEFC SLFC T TEFC AEFC ALFC SEC SE \%
BIN1 1.8-4
BIN2 1.04
BIN3
BING | 104 | 104 1.0-4 104 | 104
BIN5
BIN6 25-3
BIN7 25-3 2.5-3 25-3 25-3 25-3 25-3
BIN8 3.3-3 3.3-3 3.3-3 3.3-3 333 3.3-3
BIN9 454-1
BIN10O 3.08-1
BIN11
BIN12 i 1.0
BIN13 2.35-1
BIN14
BIN15 9.94-1 9.94-1 9.94-1 9.94-1 9.94-1 9.94-1
Table 2. Probability of Release Category for Point Estimate
PDS SEFC TEFC AEFC SEC SE
Early Failure(ECOPF) 1.0E-4 1.0E—4 1.0E-4 1.0E4 1.8E4
Late Failure(LCOPF) 3.3E-3 3.3E3 3.3E-3 3.3E-3 7.62E~1
[solation Failure(CIF) 2.5E-3 2.5E-3 2.5E-3 2.5E-3 2.5E-3
| Melt Through(BMT) 0.0 0.0 0.0 0.0 2.356-1
Containment Bypass(V) 0.0 0.0 0.0 0.0 0.0
No Failure(NoF) 0.994 0.994 0.994 0.994 0.0
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Table 3. Containment Matrix(Mean Conditional Probability) : This Study

PDS SEFC SEC SLF SE AEFC AEC ALF AL TEFC TEC
BIN1 0.000 0.000 39-3 3.0-2 0.000 0.000 1.7-2 49-2 46-3 46-3
BIN2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 223 223
BIN3 3.9-3 3.9-3 0.000 0.000 1.7-2 1.4-2 0.000 0.000 0.000  0.000
BIN4 1.2-4 1.2-4 0.000 0.000 42-3 4.2-3 0.000 0.000 0.000  0.000
BIN5 0.000 0.000 0.000 0.000 2.0-6 2.0-6 20-6 0.000 0.000 0.000
BIN6 0.000 0.000 2.1-3 2.1-3 0.000 0.000 25-3 24-3 0.000  0.000
BIN7 2.3-3 233 0.000 0.000 243 24-3 0.000 0.000 1.9-3 1.9-3
BIN8 1.5-2 6.9-2 0.000 0.000 14-2 14-2 0.000 0.000 99-3 993
BIN9 5.1-3 3.2-2 1.7-2 3.0-1 4.7-3 14-2 1.9-2 3.8-1 3.3-3 1.1-2
BIN10 | 0.00 8.5-3 0.000 25-1 0.000 9.6-3 0.000 3.6-1 0.000 6.7-3
BIN11 0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000
BIN12 | 0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 7.0-2 7.0-2
BIN13 | 0.00 0.000 0.000 1.6-1 0.000 0.000 0.000 22-1 0.000  0.000
BIN14 | 0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000
BIN15 9.6-1 8.7-1 9.0-1 0.000 9.6-1 9.4-1 9.6-1 0.000 8.0-1 7.9-1
BIN16 | 0.000 0.000 7.4-2 2.7-1 0.000 0.000 0.000 0.000 272 272
BIN17 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 81-2 812
BIN18 | 4.5-3 45-3 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000
BIN19 14-2 142 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000

Table 4. Containment Matrix(Mean Conditional Probability) : Zion

PDS SEFC SEC SLF SE AEFC AEC ALF AL TEFC TEC
BIN1 0.000 0.000 3.9-3 3.0-2 0.000 0.000 1.7-2 4.9-2 8.1-3 5.7-2
BIN2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
BIN3 3.9-3 3.9-3 0.000 0.000 1.7-2 1.7-2 0.000 0.000 0.000 0.000
BIN4 124 124 0.000 0.000 4.2-3 42-3 0.000 0.000 0.000 0.000
BIN5S 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
BIN6 0.000 0.000 2.1-3 2.1-3 0.000 0.000 25-3 243 0.000 0.000
BIN7 23-3 233 0.000 0.000 24-3 2.4-3 0.000 0.000 2.0-3 2.0-3
BINS8 1.5-2 6.9-2 0.000 0.000 1.4-2 1.4-2 0.000 0.000 1.0-2 7.1-3
BIN9 5.1-3 3.2-2 1.7-2 3.0-1 4.7-3 1.4-2 19-2 3.8-1 3.5-3 242
BIN10 0.00 8.6-3 0.000 24-1 0.000 9.8-3 0.000 3.6-1 0.000 0.000
BIN11 0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 7.0-2 7.0-2
BIN12 0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
BIN13 0.00 0.000 0.000 1.6-1 0.000 0.000 0.000 22-1 0.000 0.000
BIN14 0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
BIN15 9.6-1 8.7-1 9.0-1 0.000 9.6-1 9.4-1 9.6-1 0.000 8.2-1 6.8-1
BIN16 0.000 0.000 7.4-2 2.7-1 0.000 0.000 0.000 0.000 9.0-2 1.9-1
BIN17 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
BIN18 45-3 453 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
BIN19 1.4-2 14-2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table 5. Conditional Probability of Containment Failure Modes{All Sequences Included) : Zion Original Result

Failure min 5-th median 95-th max mean
ECOPF 3.4E4 1.0E-3 1.1E-2 1.7E-1 6.6E-1 4.0E-2
.LCOPF 3.5E-5 3.5E-3 1.9E-2 1.6E-1 5.4E-1 5.9E-2
ISF 2.0E4 1.1E-3 2.5E-3 2.5E-3 2.5E-3 23E-3
BMT 0.0E-0 4.3E-5 1.9E-3 8.1E-3 4.4E-2 3.0E-3
\Y 5.3E4 6.6E—4 2.7E-3 1.8E-2 1.4E-1 6.8E-3
NoF 3.0E-1 5.2E-1 9.4E-1 9.8E-1 9.9E-1 8.9E-1

Table 6. Conditional Probability of Containment Failure Modes(All Sequences Included) : Present Result

Failure min 5-th median 95-th max mean
ECOPF 3.61E-4 9.98E-4 9.99E-3 1.19E-1 5.64E-1 3.08E-2
LCOPF 3.68E-3 1.54E-2 3.92E-2 2.77E-1 3.17E-1 6.18E-2
ISF 2.14E4 1.41E-3 2.45E-3 2.49E-3 2.49E-3 2.31E-3
BMT 1.02E4 1.05E-3 4.50E-3 5.36E-3 5.40E-3 3.84E-3
\Y 1.82E-3 1.82E-3 1.82E-3 4.92E-2 4.92E-2 5.14E-3
NoF 4.22E-1 5.89E-1 9.54E-1 9.70E-1 9.73E-1 8.96E-1




